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ABSTR,\CT 

The gastro1n1c:.11nal tract 1s const.intl)' c,posed to \'llnOUS protc:ctJ\ e ;ind :iggrc:s.s1vc factors from 

food. Recent studies ha\ c sho\vn that factors, 1nclud1ng he:i\ > metal c,posun: :ind diet may alter 

g.l.l.tro1n1es11nal mucos.,I 1n1cgn1y. Chromnun (Cr), 11 naturally occumns pol)"a.Jcnt clement 

found an rocks, soil o.nd gll<� 1s known to be present 1n \\ hole gnu.n.s. \,·heat, cereal. lcuucc. 

onions, rototocs, green beans. raw tomatoc.s o.nd mo.ny othCT' food Items The role of C r  1n 

gtutro1n1esurul mucosa protection or erosion 1s not well ltud1ed. In this stud), the cflccts of 

c,posurc to tn· o.nd hc.·u1\11lcn1 Cr on gllStnt ulcer "ere 1n\cst1g:ated 1n nits. 

Sr,uy mole \\'isl.lt rots ( I 00.120g) \\ ere random I) a.ss1gncd to M't groups of IO arum.its each. 

Four group, wcrc tn:.-ited "',th Cr Chromium 111-10 ppm (Crill-JO), Chronuum Ill 100 ppm 

(Crl 11-100), Chromium VI IO ppm (CrVl-10) und Chromium VI I 00 ppm (Cr\'l-100) while the 

rcm,11n1ng t" o groups \\en: non-ulccrntcd control (nCont) o.nd ulcerated control (uConl) Twelve 

wccl..s oflcr Cr 11dmin1<tr.111on. c,pcnmcntnl gMtnc ulcers \\CfC induced vin pylorus lignuon (rL) 

technique (n S per group) In the rcm,urung fh c nn,mllls. ulcer \\'35 induced b) onil 

11Jm1n1stnitron or ind11mctl111c1n (40 n1glkg) In both ulcer model<, o.n1m11Js \\ ere snrn riced four 

hours ofter ulcer 1nduc11on Blood and stomach biop!'ICS \\Cl'C collected ond o.nnl),cd. Ulcer \\'0$

n.<)C55ed b;i.scd on m11croscop1� oprc=i;c of the sto11•3ch u inc �tnnJanl ulca score sc:.ile. L1p1d 

pcro,,dotron c.:itol11Sc and Supero"dc D1smutasc (SOD) ,1Cll\1tic.-1 of the �tomoc:h homogcn:ucs 

were: .15Sc:sscd b> spcctrophoton1ctry I hstology of the stomJch t,�,uc,, were n��=cd to dctam1nc 

the degree of tissue: d3/T'l3gc us,ng microscopy. Blood Cr IC\ cl \\ :as csumatcd 1151ng the otom,c 

oh.sorpllon spectrophotometer Onta \\ere subJCClcd to Jcscnph\c tattsucs 1111d o.n11lyscd using 

,\NQ\',\ DI 11,)os, 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



The blood Cr le,..cl \\'llS sig11ilican1ly incn:n.scd in the Cr tr�lcd groups (Crlll-10: 0.12.i:0.01 ppm;

Crill-JOO. 0 12:iO.OI ppm. CrVl-10: 0.13:!:0.0I ppm and CrVl-100: 0.22:rO.O:.l ppm) comp:tnid

,vilh nCoot (0.08=0.01 ppm) Ulcer scores ,, ere nCont (0.0±0.0, 0.0tO.O), uConl (4.0l0.5:

12.6:0.5), Crlll-10 (1.6.t0.2; 10.3:!0.5), Crlll-100 (2.8*0.I; 10.S:i:O 2) Cr\'l-10 ( l.8-i-0.3,

I l.4i0.5) and CrVl-100 (2.8±0.); 12.1±0.5) for PL and indomcth;icn. respecll\'C:I)' Vnnous

degrees of gJISlnC protcctton were observed 1n the h\'O ulcer model� on c:tposurc to Crll 1· 10

(59.4�l.; 18.7�o), Crlll-100 (31.l�o; 14.S�o), CrVl-10 (S6.3o/o; 9.7%) ond CrVl-100 (31.3�•;

4.0�o), There were sig111ficanl dccrcllSCS in gnstric acidity 1n Cr- crentcd groups (Crlll·

10:12.0±1.0; Crlll-100 26.9±2 3 mEqiL/IOOg: Cr\11-10. 16.0.tl.S; CrVl-100 26.8:t:l .5

mEqlL/IOOg) comp3Icd ,vith uConl (34.0±1.0 mEqil.JIOOg) for PL model L1p1d pcro\ldnuon

levels ,n both PL .ind 1ndomcth11CU1 ulcer models were s1gnific:in1ly higher in uConl ( 11 9.tO. I;

6.)::0.1 nmollmg) lhan Cr· lre3tcd groups (Crlll- l O: Sb-0 I; 4.9*0.0; Crlll· JOO: 9.0>.0.3;

S 3 ,.0.1 nmollmg, CrVl-10: 8.910.3; S.6±0.0; Cr\11- I 00 9 7±0.2; �.0±0.0 runol 'mg), The

octivillCS or SOD nnd cotalMe wc:n: elevated in Cr- tre.1ted groups of both ulcer models relnti,c to

uCont Ulcer 5corc results were further corroborated by histolog1c:il cvnlunlion which m c.1lcd

mild c:ro\ion of surface epithelium 1n the Cr- ln:lltcd group,; againsl ,;siblc lesions 1n uCont.

Both 1ri and hc:tovnlent Chromium olTcrs proiccuon :ig111nst gastric ulcer induced by pylorus

hgnuon nnd 1ndomcthocin ,,a reduction of gastric oxidouvc stress.

Kc)"'ords: Chromium and gutric ulcer, Pylorus ligo1ion lndomtthacin-1nduccd ulcer, Gnstnc

O)t1dauvc strcSs 

\\'ord count: 493 
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CH.APTER 01'\E 

INTRODUC
T
IO'I 

The g11Sll'Oin1es11nal 1r11c1 1s o conunuous tube strctclung from the mouth to the anw.: 

providing wo1er, clectmlytc:s and nulricnt5 for the body (Gu>10D IIJld Holl, 200S) The 

gastro1ntcs11nnl tract 1s c,posed to clifTcrcn1 rn,·uonmcnt.:il pollu11111ts such IIS mer.ls and 

chcmic3ls from dtfTcrcnl 1ndustne.,, vch1clcs, 115 well os cvcl)'WI}' bMic hnm:io oc11,·1ues such 

115 cooking lh:11 conL1mina1ei, food and \\Bier {Uprcu ('f al., 2004). These pollu1111lts affect the 

air we breathe our wa1er and soil (ICEPR. 2013). �lost of these cbCIJ11Cllls h.1\c no lo.nown 

biolog1col runc11on !hough ,-omc of them nrc cnp:iblc or d1srupung esscnuol ph)'Sinlog1c:il 

proccs1� w1tlun the body. Jli,omph:s of such chcm1cal5 include ,\r.,c:mc:, Cndm1um, l.c.1d, 

M<=n:ury ond Chromium (Uprcu ('/ al .• 200·1) 

The gnstroinlcshn:il Ir.I.cl is offcc1ed wuh nuny disorder; which include Pcp11c Ulcer o,�c.uc

(PUD), Ulccnitivc cotillJ (UC), Qu1ri1/s, Pyloric stcno5is c Lc. Peptic Ulcer D1sc:isc (PUD) 1s 

a chronic dise.isc and a worhhHde problctn affecting S· 10' ( of lhe people during their 

lifcume (Sob1h11 l'I "'· 2011: Snlat ct al, 2012). II unully occurs m the stomnch onJ the 

duodmum (1'.lohoJtut ond Songht11, 2009). The ulcer formed in the stomach " c:Allc:d 110.,tne 

ulcer and thn1 or !he duodenum h kno"ll n, duodcl'l.ll ulcer I t  intprurs the qwllny of life and 

ha," high m1>m1d11y nnd mor14hl)' nilc (S,u •. , al., 2011), Pcpuc ulcer d1sc:isc (rUD) occu111 

as a l'C$Ult of unb:ilancc bct"'ccn ai;g1UJ1\'C (.1clol"!I such �s llrhcobt1c1,·r I')'""' (Y1>nlai;uch1 

anJ Ko.ktzoc, 2001; Otllle)'C IUKI AJclgbe, 2009), H)·drochloric 11c1d, rc:rs111, rcflu,cd bile. 

lt:'llkOlrttnCS, Rcncllvc 0\)1:Cn Species {ROS}, cth.wol, noo•slcro1dal nn11-1n0o.mm310rY • 

druss (NSAIDt) (\Vnllncc, 1992; Pcsl.:dr nnd �tnnc1, 1998, Roslom rt of., 2000, Olalc:yc and 

,\Jc11:bc:. 2009; Tulasuy and Hcn,tn)�, 2010, S1l\'11 an,I de Sl'IU!,3., 201 I) anJ drf�si,c 

fOA:loo such u 1c1d-rc:r11n scc1c11nn, h1carl>(l11.,1c production, p:,nrul cdl ocU\11\, mucw 

J 
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secn:uon, mucosa! bamc:r, blood no" to muco:.a, n1tnc o;,,;11.lc. cell n:gcncmtion Md lhc 

relC3.Sc of endogenous pro1ecU\'e agents such as pro":1gland1ns and eprdcnnal growth fo,u,rs 

(EGFs) (Bcrghodb, l 977; Rcpeno UDd Llesuy, 2002; Amr and l\1aysa, 2010. Silva nnd dt 

Sousa, 201 I, S:i.kut cl al., 2012) Factors such a.s alcohol abuse. psycholog1c:il su-c,,.s 

(1\-lnwdllcy l10d Rampton. 2006), ICDSIOD 3nd smokuig cr,.10 Cl al,, 2000, Ollllc}e and Ajttgbc, 

2009), lead c,roiurc (Olalcyc cl al., 2007), dic:141)' Ullllkc of potcnual ulcm>gcns (lblfOnke ct

al., 1997: Olalcyc and A1c1gbc, 2009) or drugs wlucb stimul1uc ga.stnc acid 4Dd pcpslll 

sccn:l1on b,1,·c: also been 1mphcatcd 10 lhe ncuology of peptic ul�r 

Chrom1un1 1 s  a trnru1uon ckmcnt 1111d lhc lin1 clement Ul group 6 of lhc pcnodrc table and II 

I> rcgonJcd as lhc 24111 most abund4nt clement Ul lhc cnrtb crust (Emslcy, 2001). ll  occurs

muumlly 1111d con be found Ul roc:ks. plllllts, on,mols, �ti. a.nd lll ,·olc.iruc dust and gases 

(r.1orouoru ct al., 2012). Intake of bard water suppl.Jes Chromium 10 the body nnc1 cooking 

\\1th s1r11nlcu steel cook \\11Je� also 1ncn:11scs lhc Chromium content 1n focxb (\VIIO, 2003) 

Chromium •� prc,;cnl 1n the cn\'ironmcnl 1 n  ,c, cral forms and Ilic mO)I common bemg 

chromium 111 also kno\\in ns tnvalcnl chromium o.nd chroD11um VJ aho known a.s hcxavalco1 

chromium (S1occkcr, ::?004, r.la.rouaru cl al, 2012) Chromium Ul CM be goncn from &esb 

vegetables Md frwu, me:11, grow, yc:i.st. �cc1 po1.110, com," hole !IA'""· beer, li\'c:r, 

poultry, turkey, oy,1er,, shdlli,h c lC (Anderson �I nl. 1992) nil of winch helps m kcqung 

lhc bod)' hcallhy Chronuu.m !IT 1s 1mporton1 1n lhc metabolism of glucose. prolcl!I a.nd bp1d 

rn nuunm:ib lhus c:nlul.Oc:1ng the fuocuon or uuu.llll "11h10 Ilic body (r,.tcru. 1969, 1993: 

1998) 

Chron11um VI on the: other hand 1s found 1n lbc en, 1ronmcn1 11 is dcnvcd ahno>l 1otall\ from 

hum.in ncuv1ucs In the go.sine cn\'ironmcnt. ingested hc�D\'lllcnt c:hrom1u.m 1s c:lllcu:nll)' 

reduced 10 the tn\'alcnt fonn by 1he gastnc JUIC� 1«rc1ed and CUCOfba1c (SAmllt. H.i70. De 
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Flora ct al., 1987. LS EPA. 1998. ATSDR. 2000). I t  C4D oho bo reduced 10 chromium Ill 10 

the lower n:sp1r.1tory tract by the epithelial lining nu1d l1tld b)' pulmon31) al\ col:1.r 

llll1trophagcs (Day;m nnd PIUDc 2001, ATSDR. 2008) Chromium V1 1s used 1n the 

producl1on of slilinlcss steel, 1e.,1ilo dyes and wood prescrvnU\'es, :tnll - corros1\ Q, tanning of 

lc:ithcr, and con\'crs1on c0311ngs (?,,lubamm:1.d nnd SbahidJl, 200J) The cnU)' routc:s of 

chromium into the human bod)· 11TC throur,h 1nhnlnuon. ingcsoon nod dcrrnnl absorpuon 

{!PCS, 1998, ATSDR, 2008) Some of lhe ad\•ersc cJTcclS of chromium 10,1ci1y include 

inillltion 1n the nose, bleeding of lhc nose. and difficulty ID bn::11h1ng, coughing, cancer of the 

lung'I nnd 1mlilnt ru1d allcrg1c contact dcrmouus (Polak. 1983, Bru)1l7CCI ,., 111, 19SS, 

A TSDR, 2008) depending on the route of c�surc. 

TI1c expo1urc of the giutromtQUnol 1n1ct to mcrols such os le.id occt.lte � been implicated 1n 

the acuology of pcpuc ulcC"T (OlalC)·c ct al 2007) Exposure: to cbro1n1um VI has been 

n:poncd to CIIUJC rcproducnvc toxicity 1n hum.an and laboratol')· orumals (u et al, 2001; 

Oan:idcv1 rt nl 2003 Submmnnian ct al, 2006, r..tnrouani ct al., 2012). However, n:poru on 

the m«:<:h.im,m undcrl)·1ng chromium on pcpuc ulccmuon nn: >·ct to be clucid:ucd 

I.I Af-;\t or STUDV 

The 01m of 1h15 study 1s to mvcshgotc the efTccb of Chromium (111 and VI) on c,pcrimcnllll 

ulceration tams l\\o d1t'fcrcnt modcli (Pylon\; hgnt1011 and lndomcthnam). 
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1.l 08.fECTl''ES OFTTfE sn:o, 

The obJccllvcs of lhc study mcludc the following: 

• To 1nvc�ugatc the effect or Chromium Ill and VI on lhc blood Chromium h:,·cl

• To 1nvesug:nc the effect or Chromium m 11nd Chromium VI oa ulcer fonn1111on

induced b) mdomelhnc1n nnd pyloric hgouon

• !J"o mvcsugotc lhc cCfcct or Chromium UI llOd Chromium VI on gastric nc1d secretion

• To ID\C$Ugnte the cCfcct of Chromium lll and Chromium VI on the mi0ro�p1c

stom11ch o.rclulccturc

• To UlVC$Ugnto lhc c!Tcc1 ofClirom1um Ill and Chromium \'I on b1ochcnucal reactions

of stomach homogcn:itc from 11l1110US c'tpcrimental &fOUps
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2.1 STO�IACII 

CTIAPTER nvo

LITERATURE RE\'IE\\' 

The stomach tS o hoUo,,·, musculllr p:in of t.he gastroinl�Unal tract ,,b1cb is tn\'ohcd ant.he 

sccood phnsc of digestion. It is d1stcns1ble and con store up to one lilrc of food (Shc"•·ood. 

1997; SC41on and Sanders, 2006). It ltcs bc1v.cen the oesophagus and duodenum on t.hc upper

lefl or abdommnl t11v11y. The stomach hns two splunclcrs t.hal keep 11S contents, the 

ocsopb11gcal sphincter found i n  I.be cru-dinc n:gion and pylonc sphmclcr localed 01 the pylonc 

region. The slom.ich is dMdcd into four seclion� each of which h.is d1!Tcrcol cells 1111d 

funcuoru The scc11ons are; 

• Card10• This 1s I.he region when: the con1en1S or the oe�nphogus empty tnlo the

�tomocb

• Fwidu.: This 1s the upper cul"\'alurc or II<! \tom3ch It I\ a �to111gc 11rc.,.

• Bod)' or Corpus II IS I.be c<!ntral region of lite stomach and o $I01'Dl!C nn:A. In an empty

s1omacb, CO!llUS Im� many long11udinol folds CDllcd n1,:n,: �astncoc (Rho:ides and

Tanner, 200-I)

• Pyloru.i llus is the lown- sccuon of the organ which fac1litn1c., emptying or lhc

1tom11cb conlcnts into the small ,n�unc Mo\t d1gcs11on tAkcs ploce 1n lhis p.:irt of the

stomnch (Senion nn<l Sanders, 2006)

s 
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Figure I: Sections of the �lolllllch 

2.1.1 CLANDSOfTIIESTO�L\CU 

The stolll"ch bu Ihm: gla.ncb which includes 

• Oml1ac guinds locou:d 01 lho Omli� region or I.he 5tomach

• Py lone glnncb locotcd al the Pylorus pan of I.he stomach

• Fund1c glnncb locotcd ot tho Fundus of I.he stomnch

The d11Tcrcnl loycre of the stomach gLinds nn: lined by diITcrcnl cells such as mucous cells, 

p;incul cells, chief cells and Entcroendocnnc cells The mucous cell iccn:les mucus nnd 

bicarbonate ,oru (IICO, 1, It  helps in protecting the •tomach from stomnch 11c1d secreted. The 

p;incllll cell principally accrctcs Hydrochloric ncid (HCL) 'Ind mtnnstc foetal It 1s the n1ost 

distmcuvc cell m the 5tomnch The chief cell 5CCrcle$ PCJIStnogc:n ond eonlllins l)mogcn 
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2.1.2 L.\YERSOF'TilF.:STO�tACTI \VALL 

The stolDllch w11ll 1s made up of four IPnycrs from ,n.,idc to outs1dc nnd these are: 

• t,,.lucos.a

• Submucosn

• �1u.sculllris cxtcma

• Scros:i

l\lucosn: II 1s the fir..t rruun lll)'Cf I t  coo.stSl!I of the cpithchum lllld the lamwa propria. It lllso 

1"1) a 11110 la>-cr of smooth mliSClc c.illcd the musculan\ mucowc sc-p.11'111lnS II Crom the

submUCO$ll beneath. 

Submucosn: It hu over the mucosa and conS1sts or fibrouJ coru1ccllve ussuc. It scp:uutcs the 

mucosa Crom the nc"tt l;i>-cr, It •• composed of nullions of nerve fibres ThlS lorcr bas a 

nc1'\'0l'X of nerves coiled t,,.fci1,ncr's plcXU\ or submucos:il plc'.\"US. Thi$ ple'.\"US innc.rvntc the 

muco;;., anJ rcgul�tc �ccn:uons (Senion and SMdm, 2006) 

'llu1culnrl1 c'1crn1: It b� three layers of smooth muscles 

:... 

Q:: 

� 
!!? 
.... 

,, __ 

en 
�
UJ

,. /nnt'r oblique ltl)·t'r Tlus '4)cr 1, =rons1blc for crcoting the n1011on thot chums -=:;. 

and ph)-sically brc.1k.\ down the food. II IJ the only la)·cr of the three which 1s not �

,cen 1n otltcr J14-rt.s of the d1scst1\·c t)-SLCm. 

11 ll/1/tl/r clrtular IIJ)'tr: At llus l:aycr the p)'IOru� 1s surrounded by a thick circular 

mu.scul:u wall wh1ch i, nc,nnnlly ton1cnll>· constnctcd lonrun� o func.uonol p}lonc 

�h1nc1cr, which controb the mo\'c.mcnt or cl1yme into the duodenum This la>·cr 

1s concentnc to the long11ud1rutl ,"(u of the stomoch 
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1 1 1 . Outt!r fo11git11dinal layer: ,\uab3ch 's plexus (or m)en1c:ric pk,us) 1s found

bel\veen this 14)cr and the middle circulllf lnyt-r.

2.1.3 DLOOD SUPPL\ TO THE s,·Ql\lACH 

The Jessa cun·nrure of the $lOmnch is supplied 1nfenorl)· by the n�t gastnc o.rtCl) onJ 

superiorly by the left gll.Stnc or1CI}', \\hich oho �upphcs lhc canlLlc region. The gttalcr 

cun·nrurc u supplied 111fenorly by the nghl gastr0q,iplo1c artcl}· ond supcnorly by the left 

gnstrocpiplo1c o.rtery. The fund1 of the ,1omnch, and lllso the upper portion of the gtcalCT

curvnrurc, nrc supphcd by 1he shon giullic 1111cry. 

1',..Qtlt 4otrtt en.cry 

Ct I( tru"� 

Ct1vedu1d«n•I ,n.,rv 

A1otic •••t,_ .. ,,...,,,.. •f1•.Y 

-So!tl\lc trury

Figure 2: Schcm111ic inlllgc oflhc blood supply to the stomach (Anne nnd /\loorc, :?007) 

2.1.4 FUNCTIONS OFTllb STOl\l,\Clt 

2.J.-1.1 OIJ?esllon 

Food is churned by lhc ,1omnch once Lhe bolus cnlcn the )tomncb by muscular con1111cuoiu 

or 1he wnll of the alomnch (R1cluull nnd 1-,hirc, '.!007) The boluics art con\·meJ into 

ch)TDC (pnr11ally d1gc.tcd food) and this 1lowl)' P'""-, 1hrough 1hc pylttric -splunctcr inlo tl1e 

duod�num, when: 1hc c�1rnct10n of nutncn� bcguu The digi:$UOn of food 1n10 ch)TDC UlkC$ 

pl.,cc bcl'l\cen fon)' m1nu1� nnJ a few houn depending on the qU4nlJl)' and conlcnlS or the 

me.11 

a 
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• 

2.1.4.2 Control of Sccrctioo nod \torllll) 

The movement .ind the 0011. of chcmicalii into the stomach an: controlled by both the 

0Uto11Dm1c nen·ous system and by the: vllrious digestive system honnones Th�c honnooe,; 

mcludc cbolccystolomn, sccrelio, Gastric inlub1tol} pcpudc, cn1crogluCJ1goo and gastnn 

• Cholcc)Slokinin: It helps 10 gaU bladder con1111cuons It dccrca.�cs gas1nc cmpl)'lng

nnd 1ncn:ases release of p,mcn!lltic jwcc which 1s alkaline and ncutr.1!1ZCS the chyme

• Sccrc1ln: It diminishes acid secretion tn the stolllllch

• Cnstrlc Inhibitor) pcplhlc: Giutnc 1nlub11ory pcpude (GIP) decrc.'l.\cs both gn.stne

acid release and gn.stric mou.Juy.

• En1croglucngon: EntcrogluCJJgon dccrc.isc-> both gnstnc acid >«reuon nnd gnstnc

molllil)'

• Go11rln: II eou�cs Ill\ tntl'CIISI! 1n the sccreuon of hydrochlonc nctd nnd pcpsinosco Ill

the :.tomach. It also ,ncreAScs mouhty 1n the stomach OaslllD 1s relCAM:d by 0

cell) in the •lomach u, l'C$p01\5C 10 d1nen.s1on of the anuum. and dJgcsti"c products

l. lA.J Epidcro1nl Cro" th Foe tor In gnslrlc cJcftncc

tp1dcnnal Growth Fnc1or (EOF) n::.�ull� io ccUuw prolifcmuon, d1lfcrcn1u1t1on, ond 511rv1v.il 

(Herbst. 2004), II ,, ii low-molc.:ulllf•\I c1i;hl polypcpudc found in man)· human ti,�ucs 

including both 1ubm11nd1bulllf AJ1d p;iroud glllnd< SnltVDJ)I EGF plD)� GIi unporlllnl 

ph)'!liolog1CJ1l role 1n the m�intenancc of oro-oellOpb.lge.il GIid gn$lnC ttnuc in1cgnty, Salivary 

EGF helps in the hc:aling or om! and gnstro�pb.lgcnl ulcen, 1nh1b1uon of 9asmc acid 

r.cc:n:lion, &Umulatton of DNA 5>111hcsu and muco,11 pro1ec1ion rrom 1n1nlluminal 1nJunous 

fo.:lort such as g1Utnc acid, bile acids, p,:p�1n, ftnll lt;T' n ond 10 rh)'IIC41. chcm1col llud 

1»c1cnal 11gcnll (Vcn1un 11nJ Venlun, 2009), 
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2.1.-1.-1 Stomach as nutrition s�sor 

The siomocb can "IJlStc� sodium gluum:11e ustng glutam3te n:ceptor.. (Ucm:itsu cl al.

2009) 1111d tbLS information LS passed to the latmi.1 h)'J>Olhalamus nnd limbic system 10 the 

brain 115 11 pnlauib1hl)' signal through the v;igus nave (Ucl!llltsu .:1 al, 2010) The s1om11cb cJin 

also sense 1ndcpendcntl)' to tongue and oniJ lilSle 1'0tcptors glucose (de 1\JUUJO er al., 

2008), carbobydrat�. proteins (Pcm. et al .• 1996). ll!ld foll> (t\ckrolT et al. 2005) This 

allows the brom to hnk nutritional value or foods to their tnstcs {de: ArouJo cl al., 2008). 

2.1.-1.S Absorption 

The obsorpuon or wotcr. Simple ruglln, nmmo ne1ds nnd dn1gs ;uch ns up1rin occw-s ID the 

stomnch lhrough its hmng. 

2.2 PEPTIC ULCER DISEASE 

Peptic Ulcer 1� the term used to dcscnl>c either or both g1151rtc ulcer 411d duodcrutl ulcer 

�111hajan and S.:1ngha1. 2009, Sb1risho and Sub.uh. :?012). Pepuc ulcer 1s the most common 

go.&Ul:)inte,tinnl tract di.sortlcr m cluucal practice. h affects opprox1ma1cly S-10�. or the 

people dunns their lifo (Sobih.-i ,., al, 2011. Snl.nt rt nl. 2012) Peptic ulcer disease: 1s a 

worldwide problem The ltUc: pn:vnlencc rote of J1Cpt1c ulcer d1$c.i.,e 1n tl1e Nigen'Ul populace 

" not ec:11Am Pcpllc: ulcer da.c.i�c IS omons the lc:adtng ausa of morb1d1ty ond mortnluy in 

Nigcno o.nd mAn)' olhcr davclopmg countries (,\gb:ilcwuru c-1 nl, 2006), The occu=nc:e of 

pcpuc ulcer 1s higher .unong IJle lower income group, in N1gcnn tbnn lhe1r 1:ountcrparu ID

Europe (Amuri:, 1967) and lugher in the Southern pa11 1h.1n 10 the :-:ort11cm Jl.:111 (1\murc, 

1967), It 11 common 1n the elderly people or •IO)c:in of ngc IUld nbo,c ID N1£crim 

(Agb.,.k\vuru ct al, 2006). 
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Oilltnc ulcer occun as II result ,r IUl imbal.lncc between the ogp-cssi,·c and dcfm�1vc: foctol"!t 

The aggrt:$Swe factor; include H�licoboct(r p)'lon (Yamaguclu and K.nkizoc:, 2001, Olaleyc 

and AJc1gbc, 2009), Hydrochloric acid, pc-p-sin n:nu�cd bile, lculotncncs. Rc;icu, c 0,)-gen 

Species (ROS), clhnnol, non-steroidal anti-inOammatory drugs (NS/\10>) (\Vollocc. 1992, 

Pesknr o.nd 1'1Mic1, I 99S, Rostom �, ol. 2000; Lil'Dll ct nl. 2006: Ola le) c: ilnd AJctgbc, 2009; 

Tuhwoy nod llcrsdn)1. 2010; S1Jvo lllld de SoWll, 2011; Sobt ,., nl .• 2012) nnd lhc 

defcru1,·c facto� 111cludcs oc1d·pcpsm sccrcuon, bicoibon:itc producuon, p.1nclal ccll 11c11,·1t)', 

n1ucus secretion, mucosol bomcr, blood Oow to mucosa, n1tnc 01idc, ccU regeneration and 

lhc rclcosc of cndogcnoUJ protccn,·c agents �uch as prosmgbnd1ns and c:pidcnnal growth 

facto!'$ {Bcri;.lindh. 1977; Rcpcno and Llesuy, 2002, Limn ,., nl 2006; Amr and lllays.1. 

2010; S11\11 and de SoUS3, 2011, Sal.:nl rl ,1/ 2012). An increase 111 oggn:ss1vc foc10� or a 

dee= ,n defcosi,·c fociors will le.id 10 lo� of mucos.,I intcgfity roultmg 1n ulcct1111on 

(Alan rt nl ... l98S). Fa,1ors such 115 diet (Lewis and Adcroju. 1978), stress (Pfeffer. 1982), 

smoking (Doll d nl 1958), okobol consumption (Hogncll and \Vrctmnrl. 1957), numt1onol 

dclicicncy and ingestion of Non-Steroidal l\nti lntlammaiory Druss (NSAID'\) (Kevin and 

Jomes, 1985) C4J1 all 1oen:asc tl1c ,ncidcocc of so.�tnc ulccn. Prolonged an.,1cty, emotion.ti 

alrcJ.i., haemorrhagic 1urgicol �hock. hums and trt111ma l1:1vc been rcponcd to cause scvcro 

gastnc 1mtn1ion� (Ncele'lh et al., 2010; Shin$hn and SublUh, 2012) 

The symptom.• of pepuc ulcer include On.1wm11, bummi: pain m the upper abdomen (Steven. 

2011 ). hc.m bum, bloatuti; and abdoounol fullnc·�. IUIUJc;i ond copious , oaullJlg, Joss of 

appcutc, ind1gcsuon and \\CJght loll 

II 
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2.2.1 CAUSES OF PEPTIC ULCER DISEASE 

2.2.1.1 Hrlicobacu:r pylori 

fle/icoboctcr pylon 1s o gJlllII ncsoti\·c. sptr.11 sb:tped. Oasclhucd, bacillus which colon1zcs 

the mUCU$ layer of the g11Stric epithelium ()'.larsb.lU ti al., 1985; T1.l Jan1 and lJmar, 2009) II 1s

the primary uu.sc of ulcers ond o common infection "·orld\\1dc. The pre\.ilcntc mtes in lhc 

gcncml population ranges from 30-40'\o 1n United SUltcs, 80-90'' in South Amcnca and 70-

90% m Africa (l\larun ct ,11., 1989, Ku1pCTT> c/ al., 1995, Pounder 1111d "lg, 1995; Oguru ,., al., 

1998; Ntlububa rt 111., 2001, TilJIUII and Ulllllr, 2009). It as more common 1n de,;clopmg 

countncs, rtntl 11S prevalence ancrc.ucs ,vith osc from 20% among tccl\3gcrs to S0-60¾ of 

,ubJcc:IS 111 the 6th anti 7th dttodcs ofhfc (T1jjoni and Umor, 2009), 

II. pylori wa., lirs1 clwnctcnzcd 1n  1982 by Robin \Vom:n nnd Bnrry l\lar.;lulll. They

dcscnbcd ilS 1WOC1ouon �,1h h1s1olog1c gn.,tritis nnd �Ul>scquently, JlCIIIIC ulcer disc.isc 

(Tygot ct nl., 1985, T1JJ1U11 and Umnr, 2009) In tho stomach ti. />}·Ion produCQ on enzyme 

C11llcd urease which ncu1rnl11� the stomach oc1d ond tht.1$ ollo" II. pylori to lhnve m the 

stomach. If pylori wc.ikcms the sto1noch's defences by truMUlS the mucous c:oaung of the 

stomach. mllklns it more susceptible to the dMlllgmg elTccts af ac1J and pqi�u,, 1n!la.ming 

the on:n; poisoning ncarby cell\ and producing more \tomoch dCld {T1jjani and U1nar. 2009). 

l.2.1.2 Non -Steroldol ontl-lnOam111111ory drui:s (NSAIDS)

Non· steroidal anll• anO:unmatory drugs ore the most common aiu�e of rcpt1c ulcer J,�c.11..<e in 

p.1Uct1ts "1thou1 H pylon infccllon (8> t.rcr nnd Tcglbjncri: 2001 ). Thoy IU'C among the most 

commonly used drugs 111 Ille \\·orld and they include D5l'll1Jl, ibuprofen. ruipro�cn. 

mdomcthacin, oxopro1.1n rubwnetone etc 111cy have analscs1c, nnu -1nOnmmatory anJ 

anhp)TCtic oclloiu (Su,nn,1 "' al., 2004) 
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NSA!Ds block prostoglandin producuoo by 1nh1b1ung cycloo�ygcrwc (C0::\.1 The enzyme 

has two forms, known os COX-I ond COX-2 COX-I 1s 1nvol\c:d ,n produc10s lhc 

proslllgl:mdtns that protect tbc )tomacb luung, wlulc COX-2 IS involved 1n inflammatioo 

(Stl\'a :ind SoUSil, 2011). They interfere with the �tolJlllch's 11b1hty to produce mucw and 

b1carbona1c, thettby resulting in problem) mng10g Crom minor d1s..--omfon, �uch n� ston1nch 

upset, 10 lifc,lhrcatcmng ulcers and bltc:ding from the stonuu:b or ,ntesane. 

2.2.1.3 Stress 

SIJ"C$> cnuse.\ the producuon of c,�cc.... stomach oc1d, thus causing ulcer A study of pcp11c

ulc�r paucnl.S 1n a That hosp1U1l 1howc:d lhnl chronic sin:ss w1,1� strongly IIS:j;OC11111:d with 1111 

1ncrcasc:d n)I-. of pcpuc ulcer (\Vocluruwnt ,., nl 2003) 
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Figure)• Gutnc mucoi.ti 1n both hcallhy and d1scnscd s1111c 

(A) l/,•11///1>' g(l1rrlc m11co.10 balanct' bclll'<"rn muco111/ 11ggr,·u11�· 11nd pror,-c:111,• (tu:10,,

(fl) Grutr/c 11/c'cr formarum. 1mbafnn« bc111< rn mueu,al OI/SrC'lJI\'<' and protttlll'<' foao� 
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l.?.lA Other (actors 

Smoking h:u been round to be a ml,; rxior m uka rormauon (Kato cJ al, 19! - t..un: · 1 �, 

al, 1997, Sahh N al., :!007, 1-ianin ti al� 19&9). Otha nsl.: factors m the development of 

ulcers include: diet, alcohol consumpuon.; 5PIC(: coosumpuon nod blood tyre (SonncnbctJ: t"I

al., 1981; Sahh cl al, :?007) 

l.3 E..XJ>ERJ�IE:".TAL lJLCER \I OD ELS 

Different c:xpcnmcntal ulcer models helps m undersunding lhc: actiolog) of ulcer and 

screening of anuulcc:r agents The ulcer models U1Cludc:. 

• Non-s1c:ro1cbl llllU•1nfllll2Ul\lltory drug induced ulcc:n

• Ethanol induced ulcers

• Pylorus lig.uuon induced ulcers

• \V11tc.r immcnion sm::s.s induced ulcers

• lt1\uminc induced ulcers

• RC!lc:rpinc induced ulcers

• Scro1on1n 1ncJuccd ulccn

• Accuc acid mducal ulcerJ

• 11)-droc:hlonc acid induced ulccn

2.3.1 NON�T!!ROIOAL \'\ l l,l'\l'l Al\1�1 \TOR\ ORt,G (:"1S,\10) INDUCED 

ULCERS 

Non-Stcronl41 /\nt1-mOnmnu11ory Drug, {11:SAIDs) nrc II ltft>UP or drut;5 1h41 causes rcducuon 

of pain and 1nnnmm�11on 111 Joints and muscles. NSAlDs can cause d.,m.ii;c 10 the 

gn\troduodcn3l muco� , 111 several mcch:trull!1S. These mcch.,n,,m, mclucJc 1l1c 1op1�l 

1mtnn1 e!Tcct of the drugs oo \ho qnthclium, 1mp,urmcn1 of lhc barrier propcrt1c ol I.he 
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mucosa, reducuon of the S}11thes1s of ga.\tnc pro,t.1glond1n and 11ostnc mucosa! blood no\\ 

The prc�ncc of acid Ill lhc lurocn of lhc stomnch also contnbutes to lhc pnlhogcne.�1s of 

'<S,\10-indutcd ulcc:rs nnd blccdmg, by unpnmns lhc re;11tut1on process, uncrfcnng with 

hncmostns1s Pnd 1nnc1th1ting scvcml growth fncton. th.ii nre 1mportt111t 1n mucosnl defence 

and rcp3ir (\Vn11ncc, 2000) 

lndo1ncthnc1n ond osp1nn ore lhc commonly wed �on•Stcro1dnl An11-1nOnmmn1ory Drugs

(NSAl0§) ror inducing ulcer TI1ey cnwc ulcer by 1nh1b11tng 1he synth�" of prosuglMduu 

t•rost.iglnndin, nrc pro1cc11,·c ngcni. for giutnc mucosa Pros1agland1ns prolccl the gMtnt

mucou by producing leukotncn� Md bicntbo11J1tc ions (Sh1n�h., anti Subnsh, 2012). I hgb 

doses ofNSAID, cuusc ulccrollon (Goodmon nnd Oilmnn 1996, \Vallocc, 2000) 

lndon1ctl111cm 111 doses of lOmg/1,;g (Sh1n•l1.1 nnd Sublllh, 2012), .2Smg/kg 10,.baJ..h :111d 

Olll"Stll\, '.!OOS), 40mg1\cg (AJe1gbe ,·1111., 2008) h�ve been reported lo C4USC utcc11111on 1n rtlL� 

,\sp1rin 1nh1b1t$ gastnc pcro�ulasc 11nd may 1ncR:Uc muc:11•11 h)drogen rcro>.ide and 

h)dro,yl 101n level to cnusc o:udouve muco.al dnma1 c (Goodn1on and Gil=, 1996; 

ShirishD n.od Sul>Mh, 2012). Aspirin, al a do�c of 200 mgc'kg h.u been reported to cause 

ulccmuon four boun; after admtn1\tn1Uon (Goel cl al� 198S; HUJS111n ,·111/, 2009, Sl\11rrun.tn 

and :,.,1urahdlwan, 2010, Slurisha and Sub.uh; 2012) 

2.3.2 PYLORUS LICA 110'< I NOL CEO Ul.CC:lt 

The hpuon of lhc pylorus p.11'1 of the 1tomach siors the P,\\(flge of 84ID1C con1cn1J from lhc 

stomach Rnd thus crcaung acuhc medium ,.. 11l11n tl1e stoll\llCh for longer umc and lhcrcb) 

producmg ulcer (Nair cl 11/, 2010, Sh1n)b.1 &Dd Subo<h. ,012) 

In rytorui hpllon 1nducctl ulcm, the animal 1• lir\t nna�thctltcd the abJomc:o 1, opmcd 

and 1he p)lonu put or the 11omach II hc,tted ancr "'h1ch t11� at.Jomcn u sutun'd bxl Aikr 
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four hours lhc ruumnl will be �ncrificcd nnd lhc stomnth \\ 111 be cut opened nlong tho 11rc.1tcr 

curvature to score the ulcer formed (Hussain ,·I 111., 2009; Sh1ruhn ond Subash, 2012). 

2.3.3 ETHANOL INOUCeo ULCER 

Alcohol ii. 11 no,1ous ngc:11111nd causes g11,1nc muco�11l da111ngc by ,umuloung nc1d ,cc:rc:uon 

and incrc:islng serum gOltrin lc\lels (TUrkdoAnn ,., 111., 1999) Tho odm1n1s1ruuon of alcohol 

orally couscs 1ocrcoscd scc:rcuon of gostric juice ond o dc:cn:;isc ,n n1ucosnl rcs1s1Anec due 10 

which rro1c111 content of gutnc JU1C'c i1 s1gn1f1c:intly incrciucd by ethanol. This could be 

h1,1!,ngc bcc11usc of plnsmo protein 1n the gostric juice walh wc:Akcnang of mucos:il rcsastoncc 

barrier of lllUlnCI muco�. thi1 lcading to pcpuc ulcer (Tlu11notru1nm ct al, 2010) Ethnnol 

given ol'\lll)· 01 do,cs ol so,� v/v (Toker ,., ,,I. 2013), 99.80¾ v1v (Shan ha nnd Subn�h. 

2012) and 1001/ov/v (Hu;s111n ,., <1/., 2009) has been rcponcd 10 cause ulccmllon 

l-1.-1 \V ,\ 'IT.R l\fl\fERSION STRl!SS INOUCl:.D Ul,CPR 

S� C4II onsc from prolonged nruuct)', lcll)1on, ond emotion, scverc phys1C11I d1Komfon, 

hAcmonbDgc ond surgical 1hock, bums nnd 1111uma, thereby resulting an 5evcn: pstnc 

uJcflllllOn S= imJuc<ed ulcers C4Jl be induced by fore111g r:11J 10 swim for Jbour1 an gl.iu 

cylinder (hc1gh1 -lScm 11I1d dUUDc:tcr 35cm) conuun,ng waler up to JSc:m and ma1n1..11ncd at 

JS"C. /\rumm would ha,c been fD..Stcd for 2-l hours pnor 10 the cq,cnmcnt Aflu lhoun of 

the cxpc:nmcn1. an,nult will be sacnllccd ond the slomach wall be nmK>ved 11nd opened along 

the grater curva1111c 10 sec re the ulcer formod (l\1mlnar111an t'I ,at� 200!i Sh1ns!Y and Sub&ih. 

2012) 

2.3.5 A Cf ·r IC \C 10 1:-iDl,CLD t,LCER 

,\ccuc acid Ulduccd model ts used to 1nJucc chronic 111utnc ks1!'lns l\ccuc �Id cAUSCS 

pstnc ob,1n1c11on w11h!n the stoll\ll(h thus IC3dal18 10 ulccnuon 

u; 
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A solullon of 0.06ml SO" o occllc oc1d 1ns111lcd into n eyhndncnl l!l.iu rube of 6mm an 

dinmcter 1� plnced on l.he onlcnor scrosa surf nee of the glandular portion of llu: �tollUlch I cm 

11w:1y from the pylonc end under rumcslhc.s10 ond 11llowed 10 rem.un for 60 seconds Aftu 

rcmo,·nl of the acid �011111011, the nbdomen will be sutured bnck ,n I\\O ln}'cr; and nnimol� ,1·111 

be ollowed 10 m:ovcr fron1 011nc:sl11Cllio, then ugcd ond ,1111 bi: fed norrnnlly (1\d111 t'I al,

2009; H=tn "' al • 2009; Slurisha nnd Sub:ish, 2012) 

l.-1 CllllOi\HUl'>I 

Chrom1u1n lCr) •• a 1rniu111on clement wi1h ,llomic number 24 ond II IS the first clement in 

group 6 Chromium ,s n hard mctnl th.11 tokes J luyh poh,h ond lw a !ugh mclung potnl 

(ATSDR. 2001!). II 15 highly n:ststnnl lo ox1douon. even 01 high tcmpcmturc II 1• also 

odourless, w1clcu, nnd mollenblc II 15 o .all in which on ton conL11ns boll, Chromium and 

Oxygen II ls n biolog1cnlly /nt•fl mctnl (V1Jll)':UI, 1997). The n.ime of the c:lcmenl Is dc:nved 

from the Greek \\Ord "chroma" (XP<Oµn), meaning colour, be<:ou5t muny of iL\ compounds 11rc 

1n1c:nsc:ly coloured. Chrorruum 15 now recognized B, one of 1 S 1111cc clements cnuc.il for 

proper phys1ologicol functioning of lipid And c:arboh)umte mc1obohsm 

Chromium 11:u magnetic properucs: II is Ilic only clcmcotnl solid which shov., nn11-

ferromngncuc onlcnng nt room tempcmtun: (and below) ond above JR •c, 11 trnnsfomu 1010 

n par.tmag.neuc itntc (Fawcett, 1988) 

?.4.1 OCCURRENCL 

Chromium occun ru1ur11lly nnd 11 IS founJ ,n rocli.s, ,·olauuc dust ond gases, soils a, \\CU a, 

plllllU "nil animals (l\1arouaru C'I ol 2012). Chromnun II the 24� most alJutl,.Unt ckmmt m 

F•nh·s cru\t ""h an D\crage concentr.ulon of IOOrrm (Fmslcy, 2001) The c:an.."ffltnlllOlU cf 

Chromium 10 surfocc "'a1cr M,c b«n lnc:rc1t11n11 Mncc l'199, ""h l7S1l,Gll t>c:1ns n:o.,,dcd 
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near s:ilmon sp;i" ning areas 111 the USA (rami! ,., t1l,. 2006; l\tnrounn1 ,., al . 2012). The 

conccntmuons range an soil is bcawcen 1 and 3000 mg/1.g, in sea water 5 10 800 11g/l11rc, and 

1n nvcr.; nnd la_kes 26 11Gfhtrc to S 2 mg/litre (Kota� and Sta.sicl.a. 2000). Chromium is mined 

n, chromite (fcCr10•) ore (Nntional Rcscnn:h Council, 1974) f:locuonic dcv11:cs ,,·11h nn1

pnncl di\plnyi, and cathndc:-n,y TV 1ubcl conuun 1,1i;mtic'1nt nmounb of chromium, ns "ell ns 

mnny other hc.1vy mctols, wluch, when disposed or by land-fill or 1nc1ncru1Jon. con le.id 10 

potential hum�n hci1lth 1o�iaity ond cco to�1c1ty (Lun and Schocnung, 2010; r..taroullru c-r of,

2012) 

'l he mos1 common fom1, or Chromium ore Chromium (0), Chrom1un1 (Ill) nl$o kno"11 o.s 

tnv11lcn1 Chromium. �nd Chromtun1 (VI) abo known ns hc�avnlcnl Chron11um) 

The bch.1v1our and 10:uclly of Chro1nlum u 1trongly dependent on the \'Dlcncy. ph)'iltnl

chemical propcrucs of the sul»tnncc, lhc pnn11:lc cham"crisucs and the roulc af 

c,po5urc/admlll1Stm1Jon (lPCS, 2006a, 2006b) 

2.4.2 Al'PLJCATIONS OF CIIRO�tlUl\t 

Chromium 1s used in � b.1Sic 1nJus1ncs 

• !',.lctallurgu:al,

• Chemical, And

• Refru10ry (hc.sl·r�isl4nl npplic:auon1)

These induitncs an: lhc mosl unpor111n1 1ndus1n11I sources of chromium in lbc aimosphcrc 

(EPA 1998; ATSDR 20Q0) 

II 
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2.,l.2.1 l\lclnllur(:) 

In the mct.11lurg1cal industry, Chronuum is o:n 1mponan1 nlloying mo1cnal for s1ccl (A TSDR.

2008 111c lugh- spcc:d tool steels contotn bc1wecn J ond S¾ chront1um Chromium is on 

tmponnnl component of \t:iinlcs\ \lccb (the nuun corrosion-proof mct.1I alloy) ond \'arious 

mcllll alloys. Mei.ii JOtnl pros1lu:st!i mode of cluomium alloys ore "idely u�c:d 10 chn1c.1l 

orthopncd1c:s. 

Nickct-bnscd alloy 1ncrc:�sc in su-c:nglh due to 1hc (omllllion of discrete, st.Ible mcLJI et1rb1dc: 

particles ot the snnn boundanc:s, For c�.,mplc. lnconc:1718 con1.11uu 111.6� clvormum Thc:5e 

ruckcl wpcmlloy,, they nrc U\cd in Jct c:ngmc:, and ll"' turbines in lieu of common ;ll\lctuml 

matcn111J bccllusc or their excellent l11gh-tc:mpc:1111un: propcrucs (Dhadeshin, 2009) 

The sa-ong ox1tb11vc propcnics of chromate, nrc used to deposit a pro1cc11vc O"-idc ln)·cr on 

metals lil.c nlum1mum, i1nc and cadmium 1n the chromate convcn1on 

(Edwan!s. 1997) 

2.4.?.l Chemical Industry 

ln lhc: chcmic:ol l.Ddustry, chromium 11 U\ed pnmnnly 1n  

• D)c: and pii:mcut

The minctUI crocoilc (Lead Chromnlc, PbC:.rO,) "IU wed lU a )'Cllo11, p1gmm1 shonly aOCT us 

,t.,co�CTY- The p1gmcn1 docs not photo dtgn1dc, but II tend, to da�cn due 11'1 the fO!t1141lon of 

Chromium (Ill) oiudc: II has a 11rong colour, nnd "-'IU UJcd for ,chool bUJCS ID the US and for

Postal Sc:rv1cc: (for C:.'lan1J1le Dcuuchc Po,1) 1n Europe: The UK of chrome )-C:IIO'I\ d«hnc:J 

due to cnvtronmcnt.111 anti safety cooccnu and was rq,laccd by Ol\!&ruc Jllpntnl• or 

altcm.'IU•cs free from lead Md chrnrnJum Other P•llmcnts I � on du�11um cm,. r •
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c,11n1pli:, the bliglu red pigrncnl chronic red, which 11 n b11s1c lead chmmnlc 

(PbC.04· Pb(Ol 1)1), 

,\ \'Cl'y 1mponnn1 chron1111c r1111n10111, which ,,ns u�cd w1tlcly 1n 111cu1I pnrner fom1ulll11on1, 

wna llOC chmmo1c, no,, rcplnccJ b)' 1111c pho�ph111c A w11,h Jlllllltr ,vn, forrnul111cJ 10 

n:plncc lhc d1111gcroiu rmcuco of pre • 1,c.,ung nlum1111urn rurcmll bodrc. w,th n phosphonc 

nc1d wlu11on Th11 used ,inc lclro,)'llhmmntc c.h,pcncd 111 11 wlution of polyvinyl bu1yml. An 

11% iolullon nl pho,ph1111c �dd 1 1 1  aoh ml wru uJJccJ JWI before opplicntron It "'I" found 1ha1 

11n c.u1ly o,1J11 • ..i akoltol "o• 1111 cSJ1c111111I 1nl_lr�1l1cn1 A 1l11n 1.1ycr of 11bc1111 10-IS 11m w111 

nrrhcd, which turned frorn )Clio" lo clr,1!- flrccn when II w111 cur,-J There II aull • quC"Slron 

ru 10 the con-e<:1 n1cchanum Chrome 11rccn 11,1 n1urun:: or l'ruu111n hluc: and chrorncs ydlow, 

"h1lc the chrome O'!Jc gn::cn 11 chromium (Ill) o�rclc (Gcucna, 1966). 

Chromium o,ulcs 11rc also wed u a green colour rn glal.\ln.1k1n11 and 111 a glaze 1n ccmmrcs 

(CifflJ ct ,if, 200S), Green chromium O!t1Jc IS am:mcly tr11h1-fa.st and a, 1uch 11 used 1n 

cladding co.iung, It 1s abo the m.un 1njtJ'Cdit11t rn IR rcflecung paints, uicd by the nnncd 

fcm:c:s, ro pa.int ,·chicles. 10 gi,·c them the umc lR rcllccwicc u s= lc:4vcs (�Inmon, 

• \\'ood prncl'\alhc

Chromium VJ plu nrc u\Cll hcanue of 1hcu to,iclty, for lhc rrcservauon or "'-ood For 

c:.umplc, Chronutcd Copper ArKnalc: l CC,\ l 1� used In limber tn:a1mmt Ill l'fl"C:Ct -� 

from dcay fungi, "ood 011xk1111 msccta. mcl...ilag lal'IUU:I. and 11WU1C bo1a, (llmpli'CI 

al 2001) The CormubtJOm am!Am chrorruum �1Cd on lhc <rude CrO, bffloun ,s J 11:ld 

65 S In lhc Un11cd Surto, 6S.)00 mctnc 1nm or CC'A t<'Mttlm �,c bcrn ut1:d I 

(Hmp::::ntr a1 2001) 
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• Lc11thcrTnnnlnl!

Chron1iu1n (Ill) !o11lts, ciipec1;illy Chnlmc 11lu1n 1nd Chromium (Ill) Julfnlc, 111e used in the 

I.Inning at h:,11hcr The Ch1t11n1un1 (Ill) 11nhlli1cs th lt�lhcr by cna1 linking the 

collngcn fibers (llruwn, 1997) C.hro1111ur11 1.,nnc,J lc,,lhcr cnn contn111 between 4 nnd 5% or 

chromium, which 1s 11gh1lr bound to 1hc proteins (Nauonol Rc1c.in:h Council (U.S.), 1974), 

Sc\c1al ,hl\1111111111 cc,mpoun,la nre u,rcl ns cutllly,11 li11 p1occutn11 h)'llrocruhc>n5 for 

c.,nmrtc the l'lulhps CJ11Jl)'foll lor 1hc producu1111 or pol)-cth)lcne 111c nll�turu of chron11um 

ruiJ 11hron <l10,1Jo or n11.\lu1c:3 or chromium nnJ t11.in1um nnd 11lum1n1um oudc 

(\\'c,:Ulu)1c:n er 11I., 1999) Fe-Cr m1,cJ o�rJcs ore employed tu h1sJ1-1cmrcrnturc cn111ly.is 

ror the -..a1cr sas $l11fl l'C4Chon (Twit;!!, 1989, Rhode, rt ul, 191JSJ CoJIPCr Chromllc u • 

useful h)'drogcruu,cm CAtrllyst, 

• Cbromc Platlni:

It is o tcclmiquc of clcctropl111rng a \tun layer of chromium onto a mct;il or plutic obJect lbc 

chromed l&ycr can be dcc:ornU\e, pro\rde com»1on teslita�, cue elC3Jlln8 proccduns, or  

tne n2SC  surface: hnrdncs., 

• 'i)ntbtllt nab) and tht fir,1 ta,cr

N.it=nl rubio Ate corundum (i\lumtnUJD o..udc:) a)"IUIU llut 111: coloured mi (the� t)t>C) 

drx en chromrum (Ill) ion1 (olhcr colours or c:onmdum rems � tau.af �) ,\ nd

CDlourat arufic:ul ruby nuy 1l10 be echin"Cd b) doJ>rns chromram (Ill) 

ccnmd:un Cl)�lt. thuJ mili11¥ chromtwn n R'QUlre11im1 r m:1lms srntbrt:_ 

ll 
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in 1960, which relied on 5timula1cd cm.w1on of hghl from the chrom1wn atoms 111 such • 

crystal. 

2.4.2.3 Rcrr11cto11 m111crh1I 

Chromtlc nnd chromium (lfl) o:odc on: chnroc1rnzcd b)· high bClll restsuvuy and high 

mcltmg poinl o.nd thus they lll1: good m:nc:rio.J for !ugh temperature refractol') apphc:ibons 

such GS ccmenl klhns. molds for lhc finng of bricl.s, bl.isl ful'Tlllccs and as found!') .:inds for 

lhc casung of mclDI• 

2.4.2.4 Other use 

• Chrom11un (IV) o:udc (CiO;) 1s o mogncltc compound h is used to monuf11cture

mogncuc lDpc used in  lugh-pcrformnocc 11ud10 tape and slond:ml audio

=cttcs (1',,llllhnson. 1993), Chroma1cs con prevent comis1on of steel under wet

cond111ons, :ind thcn:fon: chromotcs are 11ddcd 10 drilling muds (Gan encl., 199-4)

• Chromium (!If) 0,1.tc ,� :i me111I pohsh known os green rouge.

• Chromic acid 1s used for cleaning laboratory gl=\•,an: of any 1mcc of orgllllic

compournb Sod1un1 dichromatc is sorucUmC3 used because of 115 lughcr 50lub1h1y (SO

i;/1. vcnus 100 i;/1. rcspcc11,·cly) PolllSSium d1chronu1c is a chcm1cal rc.1gen1, wed in

clc:ining hiboratory gl:uswnrc �nd a, n lltnlltng ngcnl II 1s nl\o u,eJ O\ • mordant (i.e.

a li�1ng ngcnt) for d)-cs 1n fobnc.
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2.4.J \',\LENCE ST \TES OF CITRO\lfUl\l 

Chromium C."<ists in a senes of o:ud3uon s1n1es from -2 10 +6 valmce. The mos1 imporuin1 

slllble �tnlCS a.re O (elcmcnuil mcinl), + 3 (1nvolc:n1), Wld � (bcxavalen1). 

The beahh cfTccts of chromium on: primarily related 10 lhc valence �mtc of the mcuil 01 the 

time of exposure. Trivalcnl (Cr lil) and hcxa,wcnl (Cr Vl) compounds ore lhoughl to be 1hc 

mos1 b1oloi;1cally sign1ficonL 

2.4.3.1 CtrROi\11\Jr>l I l l  

Chromium Ill i s  on CS$cn11al nu1rtcn1 required h> lhc hum,1n body 10 promote the action of 

insulin 1n body llssu� h plll}'> an 1mporun1 role in lhc maintenance of normol ca.rboh)urotc, 

hpid and prolCID mc111boli.sm �I. 2003). h ocain 03rurnlly ID the en"1ronmcn1. About O.S-

1¾ of Cbrom1wn ID present ID the normal d1c1 1s obsorl>cd (!PCS, 20060; DEF!v\ and l:.J\. 

2002). Trivalent chronuum is poorly trllDSpOncd 11cross membranes. D111ly exposure from 

food ,;ources, excluding supplements, 1� e-.umntcd 01 obou1 0.1 mg (E\'!'>1 2003). AbSOIJIIIOn 

from the inlc,lincs ii low (0.S-2o/o) nnJ i s  lhought 10 &n\'Ol\'c: n mcc:h.uiism other !hon pusi, c 

d1!Twion (E\'�I. 2003) 

Chromium Ill IS essential for Mllllllll ond hur03n bctn!!S- Chromium rnOuenecs glucose, 

pro1c,n, anJ hpld mci.tbohsm Chromium llcfic1cncy mny cnU$C chnnges in 1hc mctnboh\m of 

glucose ond ltp1ll1 Out1nuun1 dcfic1cncy 1s  MSOC1Dtcd wilh canlin,..,sculnr J1\1:osc, 1mp.:11rcd 

glucose lolcrnncc ond glucose uttluouon, fosung hypoglycoarua., 1mp,1irro fcruhty, llccrc.ucd 

SJICIIII couni, "c1ghl lo�s. ncurop.,thy, nllcn:d pl�= fony ncid profile nnd n11TOgen 

mclAbohsm. ond llcpres!cd rap1rnto1y quottc:nl (EV!',.!, 200J) 

Chromium Ill IS found in most frcah food! nnd drinkins \\al D1c111ry JOurcc:s nch 1n 

Chromium Ill include brc.1ds, ccrcalJ. n,h, fresh vegetables,, mcai.., �nJ 5p1ccs Other 
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• 

signiliC4111 sources of Chromium Ill nrc mineral \Upplcmcnis, brewer's ) c.ist ond btcr 

(ATSR, 2008). The Nouonnl RC$COrth Council h..is identified an csum.itcd safe o.nd adequate 

doily dlctnr) inlokc (fSAODI) ror Chmmiu111 of 50-200 111:'d (NRC. 1989), corrc�ponding lo 

0.71-2.9 11111'kw'd.i)' for o 70-kg odull fOJ\ hn., �1c,1cd u Rcfcn:ncc D,1il} lnlJJ.:e for 

Chromium of I 2011Gfd (DI IHS, 1995). 

Tbc b1ologicolly oc11vc form of1111 orgoruc Chromium Ill complc�. often n:fc� 10 os 

glucoic tolcrnncc foclor (GTF), 1s believed 10 function by focihlllUng lhc 1ntcmc:11on of 

1nsuhn with 11!' cellular 1«q11or 111ci S1ud1c hAvc sho.-n 1htl1 Iha Chromium 111 

supplcmcn11111on in dclic1cn1 ond m11rginnlly dclic1cn1111bJ«IS tlln n;; ,ull 1n lhc mpid n:,cl'litll 

of mnny of 1he symptoms of chrom1um-dcfic1cncy (Cohen, rt 11/ 19Q): Mcn1, 1993; ATSR. 

2008) 

2.".3.2 CIIRO:lrJU:11 Vl 

Chromium V1 1s tl\$0 1..no,�n ns hcitav11lcn1 chromnun II is 100 - 1000 tun� mon: IOitic than 

the mosl common tnvolcn1 compounds (EPA 1998: ATSDR. 2000, D.i)'llll IUld Paine, 2001 

SIOCCkcr. 2004. !',lnroUlllU ct al., 2012). 11 is o ,1rong Oltld1nng ogenl 11nd widely known IO 

caulc 11llcrglc dcrrnnnu, M well o., 1ox1c end cnrc,nogcn,� clTccb 10 humnn• nnd on1mals 

(Von ond I.tu, 1993; l\larouanr "' "'" 2012). llc:.,a,all:nl Chromium \'l 1n the cn\lronmcnt is

almost 101.Glly dcnvcJ from human acUv111cs (\\'110, 1990), 

Chromium VI h.u IWO m.lUI fomu ccr0.·11nd CrlO,') 'lhC$C l\11'1> forms IU'C domUWll ID lhc 

cnvtr"Dnmc:nl and can readily cross c:cllular mc:mhnnc:. with the help or norupecllic: anion 

carrier, (:.larot.WU ti of., 2012) llcxa\'11.lcn1 Chromium u ul11ma1c:ly reduced to un'l1knt 

Chromium 1ru1de lhc cell through the fonn:auon or rc:ictnc 1n1crrnc:dia1c.s hlc y,cnt.n,-almi an.I 

tctn1valcn1 fonns (De !'lorn,, 11I, 1990, l\1aroUAnr ,., al. 2012) 
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The LOSO for chromium (VI) ranges bet,,ccn 50 nod ISO mg11'g (KalZ and Salem, 1992). 

The oculc toxicily ofChrorruum (VI) 1s due to its stron11 oxrd:ilion�I properties. Chromrwn \Tl

induced ocu1c and chronic to:1:1clly, ncuroto:ucuy. dcm1.r101oxicn), gcnnto.\lt1t).

cnrcinogcn1c11y, 1mmunoto\lclly nnd gcncrnl cnvironmcntnl tox1c11y (Von nm.I Liu. 1993, L1 

Cl nl., 2011, 1'l1llt>UMI Cl al., 2012). 

Soluble ond msolublc Chronuum VI salts hnvc been dcmorutmtcd to induce morphological 

ond ncopln\llC 1n11i,fom1n11on �nd 1nu1Dga11c1ly 111 human and munnc cells (Paucmo ,., al, 

1988, �lnrowini ,·t al., 2012) 

TI1e cnnanogentclly of chromntc dust 1s known for a long 11me ond Ul 1890 the rm1 

pubhcouon dc,cnbcd the elcvotcd cancer nsk of workers Ul o chromate dye company 

(Ncwm:in. 11190; l..4ngtlld, 1990). Three mccbluusnu have been propoied 10 descnbc the 

geno1oxie11y of Chromium VI The first mc:chAn1sm includes highly rcac1ive hydroxyl 

radicals .:ind 01her n:acuve nic.licnls \\ hich an: by pro<lucts of the rcducuon of Chromium \.'l 10 

Chromium m The =nd proc� include, the direct bind.mg ofChronuum (\'), produced by 

rcduc11on in the cell, nnd ChroD1Jum (I\') compounds 10 the DNA The wt mcr:h:,nwn 

annbutcd the gcno10�1c1ty to the binding to the DNA of the end product of the Chromium 

(Ill) n:duc11nn (Cohen, 1993), 

Chromium 1alu (chrom�tcs) nrc ubo 1he en Ille of olkrvic n:..:aetion, in some pec,plc 

Chro!Nllcs 111'1! often used to mnnufac1un:, omongsl other things, leather producis. r,imt.s, 

cement, mon.ar and anu<orros1,·cs Contact 9,·1th (HOOUCIS coniain1ng ehromaies can lend 10 

allc:rg,c c:.onlD.Ct d=titi1 and UTIWll dcrmn1111s, resulting 1n ulccrn11on nf I.be skm, 

sometimes n:fared 10 ,u "chrome ulcen" Thl1 cond111on n often found 1n wor\cn lluil ha,� 

bcm exposed IO 11mn11 chmm:uc solu11on1 1n clcc1.mpln11ng. unnmg and clvomc-rroduclfli 

nunufacturcn (R,nlct1cr rt 11/, 2000) 
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I:..,posurc to Ouo1nium VI hns been n:poncd to C4USC rcproducuvc to:ucuy sn humon nnd

laboratory nn1mol!; (L1 et al., 2001: Danadev1 <'I al., 2003. Sub111Jlllln11m ct al. 2006: 

l\lnrounru 1:1111,, 2012) A dccmiscd sperm cell count nnd motility ns well os 1ncl'C'1scd foll1clc 

sumuloung hormone (FSH) scrum conccn1m11on were found in men cmrlnycd 1n 

clectrophitlug (\lultmgcr cl al., 1996; l\h1rouruu cl u/., 2012). ;\lorQOver, o deer�� 

conccntrotson of sperm cells and snerc.isc 1n nbnormol spcnnntozo.a wen: ob,crvcd sn mice 

(Aelllll')'ll er al. 2006, 1\-lnrouonl cl nl .. 2012), rolJ (Li,., 11/., 2001, Mnrounn1 ct al. 20ll), 

rabbits (Youscr <'I al., 2006, l'-forouoru ,·1111 .2012) nnd bonnet monkc)' (Subromnnion c-111/,

2006, l\llorounni ,·1 al, 2012) 1ren1ccl1c,po1cd 10 Chromium 

2.-1.-1 CIIROI\IIUJ\1 1::Xl'OSURE AND \JJSORl'l'IO:'\ 

Chromium is one of the mo�1 widely used mdus1nnl mcuils and 11 1s one or the mnJor 

con1Dm1nnnts 1n vnrious h11mrdous ,vru1c Siles worldv. 1dc (EPA. 200:! \tcdc1ros t'I al., 2003) 

llul'l\!\ns c:in be eitpo\cd 10 chromium via tnhalnuon, 1ngQIIOn 11nd dermal 4b�orpuon (ll'CS, 

1998 A TSDR, 2008) Absorption of Chronuum 1s depcodcDI on the valence, solubsht)· of the 

p.uucular Chromium spcc11�s, gastromtcstmal tmnsJI woe ODd the chemical rorm of eh.rom1um 

compound.\ (A TSR., :?OO!S), 

1.-1.-1.1 lnh11latloD 

The rnm:uy IArgct for tnlllllcd Chrom1wn 1.1 the rcsr1ni1ory 1111c1 (ECO, 200S) Chromium 

p,111JClcs inhaled an: deposited in tho lungJ IUld can be COUl)bcd up llnd s,,ullowl:d. Ch.roa11wn 

dq,osatcd deep 1D the lung, can d1s.soh·c 11nd pus through the limns of the lungs 11nd cntc-r the 

bloodstream The 11b$o1J1hOn of chmm1um ancr 1nhal1hoD C4II he 1nOucnccd by the �1u. 

o:tkLlhon ,utc, aod 110lub1hty or the chromium r:in1cle!, the acuu1y of ah cola, 

mxmphlgcs, aod the 1n1ernc11on of chmmmm "11h btomol«-111� anrr dcp<t1l!t0n ID the � 

IATSDR. 1993) 
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nu: 11moun1 or chromnun absorbed ofter 1nl111l11hon can be dc1ec1cd 10 the liCrum, unnc and 

h:ur or exposed indwiduuls Cfoss.,vnincn ,:t ul., 1980; Rllnd.lU Dad Gibson. 1987. �rinolll ond 

Cavnllcn, I 988) lnh3lcd Chromium 1> cxcn:tcd bo1h 1n the unnc .ind 1hc foc:cc� After humo.n 

exposure to Chrom1un1 (Ill) by tnhnlouon, unnary conccn1muons ofChrom1un1 ,vcn: found to 

be 1ncre.iscd 1nd1cau.ng n:sp1m10ry absorpuon (Aiuo .,, "/, 1984: Fon,., t1f, 1988, Doyan nnd

roinc, 2001}. Chromium (VI) compound.. ore absorbed mon: readily 1hnn Chromium (Ill) 

compounds, probably bccaw.c Cl1rom1um (VI) rc.idily penelmlcs cell mcmhmne• (/1.lcru. 

1969, \Vicg1111d ct fll lll8-1) Chrom1u1n (\'I) 1• reduced 10 Chromium (Ill) 10 lhe lower 

resp111110ry 1111c1 by the ep11hclinl ltn1ng Ouid 11nd by pulmon.,ry olvcolar mneropha11es (0,1ynn 

and Pninc, 2001) Chromium VI enn be reduced into Chromium Ill in th.: cp11hehol lin1ni: 

Oui1I of 1hc lungs by nseorbnlc ind gluu11h1one (Pctnllt ,., 11/. 1986, Suzuki and Ful;uda, 

1990). 

2.4.4.2 lnc�tlon 

The maJor ,1Qurt:c of chromium exposure for most people cspcc1:illy 1n the Unikel Sta1c.1 is

lhrougb food Ull4kc. Chromium conlcnt of food C3ll be ahcrcd by vnnous mclhods of 

proccssU1g, ,10rngc and preparation Foods prcp.1rcd "uh �1.,1nles.s s1cel cool;1ng u1cns1ls 

m1gh1 contnin higher lc�cl of chromium bcc.i�c of leaching from s1a1nlc:55 ,eccl ltumnru can 

ouo be c,,)lnc:d 10 Chromium lhrough lhc u.sosc of consumer produc11 such as howchold 

u1cns1!J, wood pn:scrvou,cs, cement, cleaning producu, tc�ulcs, 11nd ianned lealhcr(ATSDR. 

2000, 1\ TSOR, 2008) 

In 1;C11o:ral. Chromium (VJ) i;ompounds arc lxucr absorbed throui;h lhc 1ntc,tin:d mucosa than 

lhc Chromium {Ill) compounds Ingested chromium \'I u i;on,a,cd tn chromium Ill Jue 10

lhe acuoru or stomxh 11c1J and olhcr coml'('ncnu wuhin 1he ea11mmrest1n:1I trnct (Cohm rt 

al. 199), De Hora �, al, 191!7) In hunuM nnd nmmals, ks\ than 1•. cf trorpiu.; 
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Chromium (111) nnd obou1 10% of morg411lt Chromium (VI) arc absorbed fro1n the gut, the 

lauc:r amount 1s slightly higher in o f�ting s1n1c (DoMldson nnd Borrc:ras, 1966; Doyun ond 

rninc, 200 I) Once II i� nbsorbc:d, Chrom1un1 1s d1s1ribu1cd I<> oil parts of the body and then 

p,1s,c:s through the kidneys nnd 1s chm1nn1cd 1n the unnc 10 11 (C\\ dnys. TI1c 1nvnlcnl fonn 1n 

food c::in 011nch 10 other compounds thllt make 1 1  easier for Chromium to be absorbed nnd 

enter the: bloodstrcllm from the stomach and mlesllncs. 

2.-i.4.3 Dcnnnl Contact 

D.1lll from \'Olun1cc:r1 ru1d 1nd1rcct cv1dcncc Crom occupauon.1I 1uudies 1nd1ca1c: 1h01 nbsorpuon

or Chrom1un1 (VI) compounds Clln occur lhrounh 111l!lc1 akin (Bn111now ,kn-Dutk1cw1cz. 

1961) S1ud1es 10 e.�pcnmenL:ll ommals showed poor absorpuon or Clvom1um (Ill) 

compounds follo,ving dermal route {Dll)11n o.nd Paine, 200 I), 

2.4.5 EFFECTS Or CHROI\IIUJ\l EXPOSURE o:-. IIU�IAN rTEAI.TIT \1''0 

,\Nl'IAL IIE,\l.TII 

2.-1.5.1 ,1«h11nlsn1 of Chromium coxicil) 

The aolub1li1y 11nd the oiud.lt1on sllltc of chronuum compounds ore the m11J0r factors 

i;ovcrrung their to,uc11y nnd 1h11 10 .. 1cll)' 1 1111nbuuble 10 chromium VI form, 1h11 11 hccausc 

chromium Ill i, poorly nbsorbcd, 111 any route of cxpc>5urc (A TSDR, 200S) 

Chromium \'l comrounds arc r,owcrful oitiduin11 agents, corTOsl\ c ond more to'<1C lh.tn 

chromium Ill compollDIU, this cdll be uuccd to the ca.sc by which chromium \'I cOD rc:adil} 

p:w through the cell mcmbra�. 

\\'hen chromium Vt mhicc, to chromium Ill al a d1tUncc fmrn the tariic1 site for 10,k ar 

scnoto," crrcci. II off en o dcto:ulicnuon proco.111nd "hro 1h� rcduclJon !Al.c, rta.."'C ,. 11lun 
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or nc.u- lhc nucleus or lllJ'\lCI or1,1ruu. 11 mil)' �cr\'c to ocuvolc chromium 1ox1011y (Dayan nnd 

PalllC, 2001, ATSDR. 2008). 

Tho n:ducllon of Chromium \II is cons1dcn:d 10 serve IL\ o dc1ox11ic.111on proce.s, \�hen ll 

occurs .it o d1stnncc from the target sue for 1ox1c or gcno101t1c cITcct while rcducllon of  

Chronuum VI may sctvc 10 ocu,111c chromium 1011c11y if it 111kcs place 1n or near the cell 

nucleus of target organs (Dnyan Md l'ainc. 2001 ). If Chromium VI 1s reduced to Chromium 

111 c,tmccllulorly, Uu fom1 ol the mcllll 1, not rc:idily tnuuJ!OrtcJ Into cclh ond so to�1c11y 1s 

not obscf\cd Cllrom1ur11 VI can be m:luccd under physiolog1Clll cond111ons by hydrogen 

pm,,idc (lhOJ), glutnlluonc (GSH) rcducUllO, 1nc:orb1c nc1d, 11nd GSII to produce n:.,cU\c 

1ntcrmcd1atcs, including Chromium (V), Chromium (IV), thtyl rad1col1, hydrolt)·I n1dle.1b, 

ond ulumatcly, Chronuum (111) (A TSDR. 2008) and MY of these 1pccic.s could a11.1ck ONA, 

proteins, 1111d mcmbr1111c hpads, thcn:by disrupuog ecllulllr intc&ntY ond funcuons (De J-lottm 

"' ul. 200-l, A TSOR. 2008). 

The \'llflOUS effects or Chromium on human be.11th ond OJUIJlllls ore QS follows 

2.-1.S.2 Rc.spinitory errce1s 

Chromium compounds QIUSCS fmtauon of the n1n,:1y ob 1rucuon of the airway, lung, n&Slll,

or ,,nus c.1nccr "hm 1nh.ilcd. TI1c 11d\'c1JC heallll effect ,ccn .. dcpcnJcn1 on the dosc:, 

durauon of c,poswc and lhc spccafic compound involved (A TSDR, 2008), 

Pulmoo.,,ry 1m1rut1 cflccis folio'" 1ng 1DhalJ111on or chromium dust cut include onhma, chrome 

bronchit11, chrontc 1m1J111on. chronic ph<lf)ng11i,, chrorllc rhin111s, cangcsuon llOd byr>cr�1n,-. 

polyps of the uwcr respiratory troct. tn1chcobroochitis, onJ ukcrouon of the ll!Ual mucog 

(Lindberg nncl llcdcnsucma, 19!1), Dayan nn,1 Pnane, 2001, ATSDR, 200S) 
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Occup:illoMI c�posurc 10 Chromium Ill has olso been nssoc101cd ,vuh rcspirntory eUccts 

One mon dc\'clopcd coughing, ,,hec1Jng. ond dce�cd forced volume ofter nn 1nhalauon 

exposure to o sample of Cl1rom1u1n (Ill) ,ulfillc (Novcy �, 11(. 1983: ATSDR, 200S). The 

rc,pimlory sy111cm 1n ommnls I\ nl,;o n pnmory 1,1rge1 for 1nhnln11on c\po,urc 10 chronuum 

2.4.S..3 Sk111 Effects 

Dermal exposure to Chromium produce, 1mton1 ond allergic eonlllcl dcrmn111ts (Pola).. 198), 

Bru)rucel •. , <1/, 1988, ,\TSOR. 2008) Pnn1ory imlAIII dcrmnt111s is related 10 the direct 

C)10lox1c propcn1cs of Chron11um, while nllc1111c con1nc1 dcrmn1111s II nn 1nnnmma1or)'

rc.,ponse mcdln1cd by the 1mn1unc sy&lcm Allc1111c; con1ac1 dcrma1i11s 1, a ccl l -mcJtnccal 

immune �ponsc 1hn1 occurs 1n 3 IWO·!ltc:p proces, (1ndue11on nnd �cns1111011on) In the 

1nduc:11on stogc chromium is nb,orbcd into the 1!.;1n, l111s will RO\� lnggc:r llle �ccond slllgc. 

Scns1111cd inJiv1d114l� will cdlib11 on ollc:rgac: dcmu,litis rc:�poruc when 0J1po� to 

Chn,m1um above o threshold level (Polnk. 1983. Lewis. :?00-1. ATSDR. 2008). Cbromnun 

ollcrgie dc11111111tis 1s c:luirllc1crizcd by S)'l'llp1om1 of dryn�s, Cl)1hema, fisruring, papules, 

sawng, slJlllll ,·cs1cles, and sv.clling (Miu:Kic, 1981: Adams, 1990; ATSOR, 2008), 

The pnm:il')' dctcrm1nllllt� of the cap,clly of 1ndiv1Jual chromium comroun,b 10 clictl 11.11 

allergic rcsronsc arc solub1h1y and pll (Polal cl al 1973; Frcgert lllld Frcgc:n, 19Sl. ATSOR. 

2008) TI,c low solub1hty Chromium (Ill) compound., arc much lcu effic1cn1 conuict 

olh:rgcm 11wl ChIOm1um VI (Spru11 and ,,n Neer, 1966; ATSDR, 2008). 

\Vhen chromium pcnctr11ta the skin. 11 can result into painlc:$.5 c:ros1,c: ukcrauon called 

chrome holes wtlh delayed bca!JnF, (A TSDR. 2008) ThC$C commonly occur on lhc fm�cn.. 

knuckles, 1111d forc.anns The ch.,racu:n,uc chrome sc,rc bcs1ns ns II par,ulc. Conning an ul«T 

with rai.Scd lurd edges Ulccr1 can pcnclllltc dcq-, into ICR uuuc or hc,:nme1 the "tc of 
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sccondlU)• 1nfcc11on. but ore not known 10 le.id 10 m.ihgnoncy (Dcnr rt nl, 1990; Geller, 

2001, Lcwt!i, 2004, ATSDR. 2008), 

Chromium 1s one of the most common skin scru1111cr. ond oOcn cnu,c, ,k111 scns111z1ng c/Tcct 

1n the general pubhc. A possible soun:c of chromium c�posurc 1s w.u1c dumps for chromate· 

producmg plonts cousins locnl oar or ,,111cr polluuon 

2.-1.s • .i C:utrolotc11lnul Cffccti 

l'-fnneuso ctl.lTlcd out 11 8ludy on 97 workcl'5 from o chrome plont oxpo:;cd lo o m1,cturc of 

1n<,0lublc c:hromllc ore cont.11nmg Chronuum 111 1111d ..olublc Chromium VI 'lS s<><hum 

chromate on<l dichromnlc. Go.stromlc ,unnl md1osrophy rc\'c:.1lcd th.111 10 of the "orkcrr hnd

ulcer form.ition. ond of thcsc, SL'< h.ld hypcruopb1c g,utnus. Nc.·uly all of the workers 

breathed through the moulh wlulc nt work and S\\11llowcd 1hc chromnte dus1, thereby directly 

C'<posing the g.u1r01n1cst11ul muco� (l\.1nnclU(l, 1951, ATS DR 2008). :I.lost of the previous 

srudu:s rcpon1ne gnstrotnlc::$11031 e/Tccis. however, <ltd nut comp.m: the workers "1th 

appropna1e control\ 

?.�.5.S Renal EfTcels 

RcMI cffcct.s alter Ulhlllollon or oral c!trosim: 10 Chromium \'I compounds h:1\ e been 

reported GlomCTUfor 1nJUT)' h.u been noted 1n chromium workers and the predominant renal 

IIIJUI)' tJ tubul.ir. ,\ feature of chromate ncpbropalh)· u 1nJU,Y IO the brush border mcmbmnc 

(K1rschooum �,al, 1981, A'TSDR. 2008) 

Sevne chromium poisoning can CllU1C acute tubular nCCl'0$1' and ae1,1c renal f;ulun: (�hlnnA 

.-1 al. 1978, ATSOR, 2008) In chrome pl3tcn, clc\'atcd unMI') 02-nucroglobuhn IC\-ch h:l\c 

hem found fL1ndbcrg and I fcdcn1uc11111, 1983, ATSDR. 200S) 
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Occup.11ionnl exposure 10 Chro1111u111 111 doe, not nppc:,,r 1n he 111soctn1c:d whh rcn:11 cfTcc� 

(ATSDR, 2000; A 1 SOR, 20(HI). No rc1111I 1111pa1mu:n1 hn.\cd on urinary nlbu1n1n, rc11110I 

\11n1hn1.1 protein, nnd 11:r1nl 1ubulnr nnllgcn• was found 1n 236 worker, employed 1n the 

rcrrochmm1um producunn 111du,11y (!'on ,., cr/, 1988: ATSDR, 2008). 

2.-1.5.(J llq>11tk � ffccl1 

Chn,n11unl VI h.u li.:cn reported 10 cnulc 1cvctc h,·cr ollc:cu In four of Ch·c workers c.i1po1ctl 

10 chn11111un1 1nn:,;ulc 111 1hc chrorn� rln11n11 1ndu<1ry The reported h,cr effccu include 

Jcran;cmcnt o( the h,cr ccll1, nc:crosts, lymphooyu,; and l11 roeyllG 1nOhra11on, and ,ncrcaJCs 

in t-upffcr ccll, (P1UC.1l0 <'I ,rl I 9S2, ATSUK, l008) 

Cases of hq,11uc cffcci.s nllcr 0111I cl{posurc 10 Chromium VI compoun<h hAvc also been 

rq,oncd t:Jc,·zr1cd hvcr CllZ)'fflC Jc,c:I• well! rq,ortc:d follow1n111ngcs11on of ISO mL solu11on 

c:cnta,rung 22.S g po1JW1um dichromc: (Kobc1mln �r <1/. 1999, ATSDR. 2008), 

tlCl','IIDmeply (�hch1c el ul, 1991: 1\-lcc:n cl ul, 1994; ATSDR. 2008) ond hq,auc failure 

(Loub,a-cs ti al .. 1999; sun <'I al., 2000. ATSDR. 2008) hinc alJO been no1c:d In the: CIIIQ (I, __ 

��uonm� � 

E.,pc,surc to Chrom1wn Ill h.u 1101 bccn found 10 CAUSC any Iner cffccu 1n wo1lcn cmplorcJ ;::: 
vi 

m 111<0 Cac!Ones lhal produced Chromium Ill o,tdc or Chromium Ill sulr.&te (Konulus d al. Uj 

19741,;. I\TSDR. 2008) 

2.-'.!-,7 C.rdlo•a,cular [fTttl1

SIUdy � lh:tr 11 22•mon!tH!ld boy •ho ltticstcd an un\N•n am{IUt!J r .,_�•--c.i

d . t�onu:e died or un1 �mon.,I)' muL Autof")' m-alctl arty hype,� ,.t=� 

fEllu tt al J9S2, t\TSDR. 200!1 ,\ '' )fll !.I .,.,� . ..., 

l 
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acid (Loubic= et al. 1999. A TSDR. 2008) A \\l>IJWl ingested -100 ml of leather Ulnninl,! 

:.oluuon conlaU!ing 48 grams of basic c:hro1111wn sulphate (CrOHSO,) and died of card1ogcn1c 

shock. comphcatcd by pancrcautis and gut muCOS31 nccrosu ond haanorrhagc (\'an Heerden 

et al, 1994 ATSDR. 2008). Report.� also n:\'talcd thAt 11 33yc.Y old male dc\'cloped 

hypou:ns,on, ventriculnr DrrbylhmtllS, 5e,·cre respin11ory di,tn:..s Dnd mctobohc acidosis aflcr 

ingesting an unlrno\\11 nmount of o liquid wood prescl"\'alt\'C thnt C<lnt.luts chromium tno:udc. 

.uscnic pcntoxidc, and copper o:ude (Hay,., al., 2000, ATS DR, 2008)

2A.S.8 Rcproducth c ond DcHilopmcnto.1 trfoci.s 

One 11udy ,bowed wives of �t:unlcs.. ,tccl wcldcri were al higher n,k of ,pontancous 

obonions (Bonde ct al., 1992; ATSDR. 2008) The more n:cenl �1uJy (HJollund ct al. 1995. 

A TSDR. :?008), however, dad not corroborate lho,-e fioding-1 '-o datll wen: loc.ited n:go.n:lmg 

chromium ,n  advcrie human dc,·clopmcnta.l eITccl5 SC\·crol 111U1tW srud1<'$ pro,·idc evidence 

that Chrom1wn \'l. oner oral �ponirc:, u. o dc\'clopmcnt.1l 10:o:1can1 an mts and mace (A TSOR 

2000; A TSDR, 2008), 

Adverse dc:\'clopmcnt.1I effects 1n nmmols include g,calcr incidence ofpost-implant.11ton loss, 

dec;ruscd lclAI body wcigh1, reduced ossaficouon, Dlld dcc=cd number of ll\·c foctwes 

(ATSDR, 2008) 

2.-1.S.9 Gcnoto,lc and \lu111i:cnic £rrcclJ 

The mcch:inasm or chrommm-antluccd 11cnoto,.1c1l)' as Ml full)· undcf!>lood In one 

c:xpcnmcnt, Chromium VJ plu., glu111lh1onc induced DNA damoi;c tn ,·1tro, ,-bCJa.S 

Chromium UI with or without glulDthionc did not, Chromium seem., to c,cn 11S gcnc:uc: 

clTcctJ by b1nd1ng directly lo DNA II can rroJuce §Lllblc DNA-chromium con1plc,o. ON,\ 

suand brc.1la, ONA-DN,\ cross hnl..5, anJ DNA•pro1c1n cross hnl..! The octi,c spccu:s ror 

ll 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



DN,\ b1nd1ng �ccrru to be tha tn\'alcnt fonn (De Flora "' al. I QQO. Cohen C'I al 1993, 

�lcditcxt, 2005; A TSDR. 2008), 

A recent clin.ical study reponcd strong DNA o:iadativc dllmagc front the unn.11)· =pies of

the p;illcot who ingested 2 to 3 grams of potoss1um d1chrom11tc in II su1c1dc uucmpt (I lllllt.son 

ct al .. 2005). A nother stud)' sbo\\lcd 1111 involvement of the ox1d11ll\ c damngc palhwuy 1n the 

n1cch.tu11sm of tox1c11y of ohrom1um m occup.ibon:illy c:o.poscd 1ndi\'1duals (Goulart ,., "I .. 

2005. A TSDR, 2008) 

Chromium VJ compounds ore cleo.rly mulllgcruc ID the rtlllJOnl) of expcnmcntal situ.itions 

(De Flom c/ al 1990; Cohen cl al 1993, ·\ TSDR, 2008) It h.,� cnu,cd chmmo�omc: 

obc1Ti1Uons in mrunmoli:m cells and hlls been Iii iOCllllcd with 1ncrc.L<ee.l frcqucnc1� of 

chromosome abcmluons in lymphocytes f10m chromate production workers locrc:ascs ID

sister chrom1111d c�changes wen: sc:cn 1n lymphoc)1CS Crom workers C'<poscd to chromium. 

cobah. ond n1clcl d�ts (\\'110, 1990; �led11c,1, 2005. ,\TSDR. 2008), 

2,4.S. 10 Corclno,ieolc Effccu 

Occup:iuowu cxposun: to Chromium ,·1 compounds in a number of industnes ha� been 

n�soc1:11cd with sncn:.i.,cd ri•lc ofn.·q11ratori, s)'stcm C4n<:en (J\TSDR. 2000, ,\TSDR. "008) 

811ctJer was one of the lir;t to tc\'icw the lltcrotun: prc$cntcd pnor to 1950 on the occurrence 

of eru,ccr an chromntc·e�scd workers (Bnctjcr, 19S9b; ,\TSOR. 200!1) The lint 

cp1drm1olog1c�I atudy of chromMe production workers 1n the United States 1h31 demon,ll1ltnl
' 

nn nhOCi3Uon wnh lung CAnCCT \\a.. conducted w1U1 1,4-15 worl..e1110 se\'cn plaou mgiii,:cd 111

the cx1111cuon of chrom:itcs Crom on: from 1930 to IQ47. The perccn1ngc dc.,th due to cnnccr 

of the resp,.rntory S)'JICTn ,, .. u 21.P.%; the perccn�\ge c,pec1cJ \\'Ill I"'' (1'.l11chlc and 

Grq;onu.s, 19-111, ATSDR. 2008) 
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Studies of "orkcn tn the chromium ptgIDC'OI,. cluomc-plaung. nnd fmocbrom1um 1ndU11J1CS 

sho"Acd n s1.-uuucally JJgruliClUU 4"0C'ialloo beiv.C'CD .. 'Orl;cr cxpos11l" to Chromlllll'I \'I And 

lung Cllncc:r (uingnn:I and Norseth. 197S, Sheffct t'J al 1982. Fm11ul·B�,nc. 19SJ. 

l..ungard and V1gandcr, 1983: o,�-.cs. 1984, t\TSDR. ZOOO, ATSDR. 2008) 

In add111on to lung cancer, a number of cpicknuologi:al "ud,cs o( \\-Orlen UJ cluoffllllC' 

indusmc:s also sho"cd s,gnificantly ,ncna� ndc for � Md iUlUJ ca� (ATSDR. 

2000; ATSDR, 100S) 

On lhc ba.ru of these md olhcr studies. lhc U.S. En,ffl>nmcnlal Pn>tec1100 A£mcy (EPA) and 

the lnlenuuonal Agmcy for Research on Cancer (lARCI bau:� cl•ssilicd inbslcd Oiro111Jam 

(VI) as a known hWlWl carclDOgcn (I.ARC. 1990. EPA. 199S) The \\'ortd Health

Orpn1z.o11on (\\1-10) 11.u dc1rrmincd 1h41 Chronuwn '.'1 1s a human c:an:ui.•i;cn. lbe 

Dcp.uuncnl of Hc:allh md Human Sen,ccs (OHHS) h&s dctennincd !hat Chromium (\'T) 

comrounds arc known to ,;ausc alllCC"f 111 hWMJU (ATSOR, 2000. ATSDR, �OOS) 

Cn«1nogC't\lct1y nrrcan to be :u,oc11icd w11h the tn�lauon of the lcu 10lublc;insolubk 

Chromium (VI) comrounds A numbC"r of chroruc UlhAlation studies pn>\'ldc �'ldcnce !hat 

Chronuurn VI Ill carc1oogcnic 1n a111mals (,\ TSDR. 000, A TSDR. 2008) aod no e,,.:letA'"<' 

c:usu 10 1nJ1,;alC' tlut Chromium Ill can cau,C' caooa 1n anntlJlls or hullUIU (IARC 1990.

E P,\ 19'18, ,\ TSDR, 2008) 

2,-4.5.11 Other Effects 

S)-mrwms iud1 a.• 1hr,1110,, hc.idache, and "ealno, CAn he ohst't'-ai 111 \\ori.:cn "'OnlllS 

with a chrome rlnung plAnt "1th poc,r c.1hau!ll due 10 c,ccs:,1, c hir.h c-onca,1ru1>an <'f 

cl11om1urn 1no\1tlc fume:, (I lchcnnan. 19-11, ,\TSl)R, 200�1 
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Chromium VI compounds e:q:,osutt c:in cause cro,1on and d1scolowuuon or the teeth. 

PaptlloDlll.S of the orul cnvuy 12nd 13r)n., 113\'e �n reponcd 1n "or1..crs c,poscd to lugh n1r 

concentration ofChromJwn VI (Htnhn"w'OY ct al., 1996 A TSDR. 2008), 

Se\'en: corneal 1njUI')' may rcsull from ocul11r conll1ct w11h solid or conccnmurd solution\ of 

chromic acid and other Chromium Vl compound. (G1110t. 1993; ·\ TSDR, :?OOS) 

AnUo'lida.nts llt'C molecule� th4t 1nhib11 the o�idouon or other molecules They llt'C reducing 

nscnts, llJld lmut ox1dauve dM111ge 10 biological structures (Sics, 1997). They are 

phytochem1cnls, \'llllmins and other nutrients th.lt protect our cells from dnm11i;c caused by 

free rod1cals They act as radical SCAvcngcn. snhlb1t lrp1d pcro'1d1111on l1lld other free mdienl

mcd13tcd procc:$5CS. lllld lbcn:ron: lhoy protcet the human body from se, cml disc:.ucs 

otuibutcd 10 lhc rc.ictJons of md1cnls (Repcno and Llcsuy, 2002) Low levels or11n110�11Jruus, 

or 1nlub11ion of the 11n11o�ida.nt enzymes, c.ime oxidl!uvc: stre� 11nd may do.Jno�c or I.ill cells 

,\nt10,1dllnlS an: clASStficd into two which � h)llrophllic lllld hydrophobic. The watcf' 

soluble Mlio�ulnnlS react w11h 0�1danlS in the cell cytosol llOd the blood pl11smt1, while lip1d-

sol11hle unt1n,1d,,nb protect cell mcrnbmncs from lrp1d pcro:1.1d.1trnn (Ste�, 1997) The human 

body b3s a.n cbbomrc nntiox1dnn1 defcn..-..: �)'stem and nn110,uWU1lS C4Jl be m11nufocum:d 

"'11h1n the bod)· nnd nlso be c,IJ1tctcd from rood 1uch as fnnls, \'CSCll1blct, seeds, nul.5, meats, 

and 011 (Vcnuwu cl al., :?004). The cWTcrcnt t)l)CS of 11nllox1dllnlS uu:lude \.,t11m1n C, v11.,min 

E.. bcta<41'0lcnc, lutcsn, l)'copcnc, .selenium, glutatl11onc iu \\CII ns wmc enzymes such iu 

�upcroude d1Jmu111sc (SOD), c.u11l:ue nnd ,·anous rcro�idoscs (DcUcn ,., al, 1996) 
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2.5.1 \SCORBlC \CID (\'ITAl'lL"' C) 

Ascorbic acid aho Iulo" n as \'itnmin C 1s a n1ono530Cbaridc crud.ouon-ttducuon (rcdoJt) 

cnlOl)st round in both .inimals .ind planL, llum.ins c:an"t produce mscorinc acid because one 

of the COZ)fflCS needed 10 make a.o;c;orbic acaad has been lost by mullltion dunng pnmiue 

cvolu11on thcrcrorc II must be obto1n from the d1c1 (S1n1mofT. 2001) �losl other nrulJUlls orc 

oblc 10 produce oscorb1c ocid 10 their bodies nnd do not require tl 10 lhc1r d1c1S (LUlStcr ond 

Vnn Scllllfllngcn. 2007) Ascorbic 11c1d 1s a rcdoJt cnllll�l wllicb C.lll reduce. nnd lhcrcb}' 

nc:ulJ'lllizc. reactive oitygcn ,pccics (ROS) such os hydrogen pcro:1.1dc (Pnd3)-nlty ct al, 2003). 

In odd11ion lo 11S direct an1ioxid.in1 cfTccis. 1UCorb1c acid lS also o substrnlo for the �:1. 

enzyme :iseo1ba1e rcroxuJ.uc, o funcuon lhal u par11culorly un[1011iuu 1n ,1rcu rcsa.tnncc ,n 

pl.lnlS {Sh1gcolw ti ul.. 2002). Ascorbic acid I., present 41 lugb levels 1n all p.�rts of plont:, nnd 

CAIi reach conccnlruuons of20 milhmolnr ,n chloroplilSlS {Sm,mofTand \\lhc:elcr. 2000), 

2.5.2 VJTA!\fl"' E 

Vil4Dlln E lS lhc collccb\c n.llIIC for n sci of c1gh1 rclol� 1ocopbcrob nnd locolricnol5. They 

arc fot-solublc vi1.1m11u with nnuoxid.onl propc:rllcs {l lcm!m and Bllrl>M. 200 I, Pucker ct al ..

lOOI). 11-locophcrol 1s considered 10 hn,c the hishesl btoa,all�bility amidst them \\ilh the 

body prckrcntullly absorblDg a.od mc111boh11ng this rorm (Brigchu,-Ploh� nnd Trnbcr, 1999). 

It i,. also clauncd 10 be the mo�l lmpo1111nl hpid·solublc 11ntio,id.onl. a.od 1h.21 11 pmlCCIS 

membmnes from Oll1\l.11aon by rc.icung with lap1d nidac:al• produced an the hptd pcro,1d:111on 

di.a1n rc,,lllon (llcm:rn and Barba,, 2001; Tmbcr nnd A1k1n,nn. 2007). Tots rcmo,e, the free 

mdJc11l antenncdintcs nnd prc\cnlS the propogauon n:4Cllon from conunuin&. This rcacuon 

produ� oxidised 11-11,cophcro,yl rudac.ils that c:nn be rccp:_lcd bacl. 10 the ncti,·e rcdu� 

form through rcducuon by other nnuo,11d.1nlS, such :u asa>rb.ile, nunol or  uh1quanol (\\'11ni; 

1111d Quann, 1999) This ls in line ,, ith find1n� sho1, ins ll1a1 a-1ocophc:rol. but not \\'liter· 
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sohlblc antio:ir•dao«, cfiicicntl)' protect;; glu111lh1onc pcroindasc 4 GPX-l)-dtlic1cn1 cells 

from cell death (Seiler d al� 2008), GPx4 is the onl)' known CllZ)TnC that cffic:icntlr n!duacs 

lipid-hydropcro:tides \vilhm b1ological mcmbruocs. 

2.5.3 GLUT,\ Tl1101'E 

Glu111lhione is a eys1eme-con1111010g pcpude found Lil mo�t forrus of aerobic life (Jl,lc1s1cr and 

·\nde™>o, 1983). II IS synthesized tn eclb from 1ts consutuent nmtno acids (/'.lcisrcr 1988).

Glutatluonc h:is anuo,cidonl propcn1es thi, 1> because the tl1iol group 1n us C),tcmc mo1c1y is

a rcduC1Dg agent ond cnn be rc\·crsibly oxiditcd and reduced. Olullltluonc is =wncd m the 

reduced form by the enzyrnc glutalhic,nc n:ducwc 10 cells and 1n tum reduces olhcr 

mc1aboh1e� and eruymc: �)1otcrra. such 11:1 o.,corb:ilc tn tl\c glu111thionc-ascorbote cyolc 

glu1111hione pcrox1d:isC$ and glullln:doxuu, ns well ns re:icting directly \\�th oxidants (l'-1c1�1c:r. 

1994). Glutath1ooc is ooc of the moil irnponMI cellular onuo,idanl5 anti this IS due lo its 

high conccntrollon and ccn1111l role 10 momtnmmg the cell's redo.� •llltc (!l,lc:LStcr and 

J\ndC™ID, 198)), 

2.6 CAT \LASE 

Cllt.11A,c:" ,1n crv.ymc found m ncMI}' oil ll\utS orgonum, e�poscd 10 O\)"gcn ll i� one of the 

moil potent co111lysts kno"-n nod the r�lio� II c,11oly<1c� arc , cr)' crucial to life. It cot.1l yzci 

the dccompo,ilion of hydrogen pc:roxu.h: to wolcr ond OlC)·gcn, Uimg c1lhcr no troo or 

mongnnesc cor11ctor (ZAmocky ond Koller, 1999: Chi:hkruu cl nl., 2004) 

Catal.uc protcc:ts cell rrom oxiJJili\ e tLtm3gc by rcac11vc o-.:)'i:cn 11pcc1a (ROS) It also hoi

one or the h1ghC$I turnover numben or all CDZ)mcs, one cotol:t�c molecule CAn con,·cn 

mtlhon, or molecules of hydrogen pcro'ldc to ,,111cr onJ o�)scn c.ich 5CCOnJ (Gooilicll, 
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2007). In Euknryouc cells, Catlllase is usually locntcd tn a ccllul.i.r orgnnclle called lhe 

pcroxiwme (dcl Rio et al 1992. Alberts cl al, 20021 The optimum pH for human caala.se tS 

npprox1matcly 7 (1',fac:hl)' and Chance, 19.54). The opumum 1cmpcnuun: also ,·uncs by 

species (Toner et ul. 2007), Human cnllll.isc worics at an opumum 1empc:n11.urc of J7"C 

(Acb1, 1984), wluch is opprox1mately lhc 1empCT111111C ol the human body. 

In detcnnuuns lhc caulasc ncti\'IIY of ussuc homoi;,en.itcs, d1chromatc 1n aceue acid 1s 

reduced to chromic oceuue when hcn1ed 1n the pn:sc:ncc of I '20� ,,1th the form:iuon of 

pcn:hromlc oc,d 115 nn unslllble intcnncdiote 

2,7 SUPEROXIDE DIS!IIUT \l>E (SOD) 

Supcro:udc disrouwcs (SODs) nrc cnzJmcz that cntnlyzc the brcnblo,,'11 of supcroxitlc anion

Ullo oxygc:n and hydrogen pc:ro:udc (Baruwtcr cl al, 1987, Zelko cl al 2002) Superox,dc 

diimulllsc (SOD) ellT.)1llCZ arc pn:$cnt U1 almo$t all m:mh1c cell\ and 1n c,1111ccllular fluids 

(John�n and Oiuh,•i. 200S). They an: an 1mponant nnllOJ<tdanl defence 1n nc.ll'ly all cclb 

expo� to ox)'llcn They con111in mcul ,on c:ofoctoB and th.ts dcpcnds on the ,soz)me .-hic:h 

CAO be copper, zinc, mangnnc:.e or iron. In humans, the coppcr/zanc SOD i� present 1n the

cyto ol, while mnng,inesc SOD is r=cnt ,n the m11ochondnon (B.mni,tcr ,·t al. 1987) ,\ 

tlurd fl'mt of SOD olso e'1SL> 1n cxtrac:ellulnr nu,d� and II con1.11ns copper o.nd zinc an 115 

oc11ve Sties (Nonl-Graycl rt 111., :?OOS) The mitochoodrilll tJOl)nlC seems 10 be the moSI 

b1ologic.illy 1mrorusn1 of lhac lltrce, 11ncc m,c .. lack1n1, 1111. eDL)'IIIC die $00n nncr l11nl1 

(�tclov rl 111., 1998), 
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3.1 t.lATERIALS 

• \Vc1glung bal:incc

• 0iSS0CUng SCI

• D1ssccung boonl

• Conicnl flasks

• Beaker..

• Hamogcn11cr

• Cold ccntn ruse

• Sample bolllcs

• Hnnd gloves

• Collon ,vool

• Oral cannuln

• Synngcs 1111d needle,

• SpccU'Opho1omc1cr

Cll,\PTER TUR.EE 

r.L, T£RL\.LS A,,'D ,,a-noos

• A1om1c Absorption Spectrophotometer (AAS)

• :l.1icropipcnc

• Tiirc.iJ

• Chromic catgut
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3.2 CIJEl\llCAl..S 

• Chromium 1110:'<ldt (CrO,) (Acros Chemicals, Ne:\\ Jmc:y)

• Chromium (Ill) oxide (Cr10 ) (Kennel Chemicals, China)

• JndomeUU1c1n

• Sodium bu:arbollo3tc

• fonn111in

• Xylvjnc

• Kci.1m1nc

• Sodium Phosph.uc monob4s1c anhydrous (No: HPO,) (BDI I Chcm1c:ob, England)

• Sodiun, Pho)ph4lC dibiu1c anhydrous (NoHJ'O,) (BDI I Otcmic:ols, Ensland)

• S1ock 80\'1nc Serum Albumm {Sllllldrutl) (Sigm,l Chcnuenl Co .• USA)

• Copper Sulfn1c (CuSO,.SH20) (BDH Chc:nticals, England)

• Sodium Tnrt.nratc (BDH Chenucnls, Englo.nd)

• Potassium Iodide (Kl) (BDH Cbc:micab. Engl4nd)

• Triehloroaectic oc1d (fCA) (0."Cfonl Lnbo1111ory reagent. lndi11)

• 1luobrub11unc ocid (TBA) (BOIi Chemicals Engbnd)

• Tris b.uc (BDH Chcm1c11b. Enghllld)

• Poussium Chloride (KCL) (BOH Chemicals. Englnnd)

s1�1y (60) male 11lb1no r11L• of the ,�11111.r Mra1n wc1gluql! bc1"cen 100 nnJ 120g -..en: u�c:d for 

uu, s1udy Tbe aninuil, wen: housed in the omm3l hou�c or th College or l\lcwc:1nc, 

University of tb.,d&n and the)' ,,ere accl1m3111c,I for h•O \\c:ckl and ftd "uh mt fee.I and 

given \Utter 11J hbitum,
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3A \'lU\.t \L CROUPS 

The erunub wen: divided into SL'{ group> as follows. 

Tnblc I: Anlmnl Croupin� 

Croup l\DIIIC 

1 Non-ulcernlcd control (nCon1) 

') Ulccnued control (uCon1) 

- -

Chromium Ill ol IOppm (Chrllt-10) 

4 Chromium ID Dl IOOppm (Chrlll-100) 

s 
Chromium VI al IOppm (Chr\'1-10) 

6 
Chromium VI at IOOppm (Chr\'l-100) 

3.5 PROCEDURES

Ucscriplion 

Received lllp ..,. au:r 

Received !lip water 

Rccc.1\·cJ \\Oler CORIIURIR!l IOppn1 

conccn1t111ion of  Chromium (Ill) 

Rccci\'cd \Voter conlllinlllg I OOppm 

c.onccntration of  Chromium (TTI) 

R�ived waler conlllinin11 IOppm 

concen1rn11on of  Cl1JOmium ('.'0

-

Received wotcr conwning IOOppm 

conc.cntrauon of  Chromium (VI) 
-

Arumols .... ere clCposol to Chronuum (VI) 1n the form of Chrom,wn tno,udc (Cr01) ond 

Chromium (111) 1n the form of Chromium (Ill) 011.idc (Cri01) 1n dnnlang \Inter fnr 12 "'eel..., 

and fed with commcn:inl rat pcllcu.
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Blood '11.'U collected from the ao,m.oh \U c:anl= puncture 111 the C'Dd of the I l "'c:e.J..�

exposun: io Chroauum 1ml or the blood collected v,as uansfan:d LDIO a rcsr 111be and ,� 

blood 14-:U dJgcsrcd "'11.h 2ml of rulnc 11C1d (�01) and left o, cm1i;hL The d1SC51cd blood \\"&>

pl:u:ed m v..itcr bath and belled for 30 minutes at IOO"C Ho14�cr, aflcr cool� do\\U. l�ml 

of cfutilled water v.as added to I.he digested blood and "'� fihc:rcd. The Chromium 

conccn1n111on of the fil&mtc \\as rc:1d uswg Atomic Absorp11on Spcc1ropho1Dmdcr (,\AS) 

(�latoulllli ,, al� 2012). 

3,7 1'-'DUCTIO'i OF G \STRJC ULCER 

Two dirfcmi1 gutric ulcer modcls 141:11! used for this .:.tudy '3Jld these uc:. 

• lrulomclhocin•induccd ulcer

• Pylorus lignuon uiduccd ulccr

3.7.1 r:-.oo,1ETII \Cli'· l"IOt.ClD t.LCER 

The on1moh ,i, ffl: fasted for l4hours before 1ulm1rus1n111on of lnJomc.lhacm (Shm,tn nod 

Sub3'1'- 2012) Ulcer wu induced 1n the animal, 141th 111dome1h,1cin al n dose or 40 mg.ltg 

body wc111h1. 'The 11n1mall were 1.,cnficcd 4houn lalcr nRc:r "'h1ch 1hc stomach ,,n, rcrno\'Cd 

and orcncd along the gre:uc:r cu" n1uro 11nd ulccn fonncd "'ere M:Orcd acronhng to the 

method ofSh1nshn and Sub.uh. (2012). 

3.7.2 l'Vt ORUS IJG \ TIO'- 1:-.IJl cro l l,CER

Under Kc1.,mine and Xyla11nc 11n.1�1l1cs1a, 11,c obJomcn wils orcncd nnd 1he pyloru• cnJ of

,1omoch 14,u hgntcd nnd replaced b3ck can:fully. The nbdomcn w.u :su1u!Ql 'And 1U11DU1ls were

sacnficc:J 4 hour, nOcr hgouon of p)'loru, T11c 1tt1moch.s were removed and the g,htnc
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eon1cnts "en: dm,ncd into tube$ Md were ccntnfugcd 01 I 000 rprn ror IO m1nu1cs ond the 

\Olumc or the supcn1ot.1n1 was noted TI1e $lomachs were nn,cd .,nd sc1cnty of ulcer fanned 

were nsscsscd ond &eorcd according to the:-method dcscnbcd b) Sh1riJM nnd Subruh, 2012. 

Tu hie 2: !,corlni: 1}1tc111 for 11tccr11tlon (lhnll..11 rt 11/., 2010; '>hlrhh1111nd <,ull:nh, 2012). 

Score Crllcria 

>--
0 Nonruil .i"m"h 

o.s ltc,I coloura1io11 

I Spol ulcers 

I S I l11cn101Thogic ,trcaka 

� - Ulcers >Jn1m bu1 < Smm 

) Ulccn> 5mm 

3.8 OETER.\11'\/\TIO'\ Of GA!>TRIC \CIDITI 

0.5ml of the giutnc JU1ec W45 p1pcucd 1010 I 00ml conic.ii Oask and 2 drops of 

rhcnolphlh:tlc1n solu1ion was added and WllS lltrnted v.,lh 0.01 N <odium h)'droiudc (NoOH) 

Tbc \"Olumc of alkali nddcd wiu no led The, olumc com:,ronds to ioi.,I ru:1d11y 

The aad11y 1111n calc:ul.itcd by using the formul4 

Volume of NaOII K No1TOnh1y of NoOII" 100 

Aci<.llty • 

0 I 

.... 
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3.9 ORG \N COl.LECTION \ND 1'£lLl'AR,\ TIO' OF TISSlJE FOR 

OIOClll�l\llC \LASS,\ y ,\ND IIISTOLOGIC \L OBSER\' ,·no!\

TI1c nrumuls wero i.acnliced by ccrv1c:il dislocnuon four houn oner inducuon of ulcer 1n both 

n1odcl\ nntl tho obdo1111m1I c.-ivuy wos opened to remove 1hc �to1nnch. Tho ,tomn hs were 

orcncd nlong the: grc4tcr curvoturc, nnscd 1n ice-cold phosphltc buffer sohnc after "'hich 

thC)' \\ere blotted und wc1i;hc:J The stomachs wen: then m1nccJ ,v11h 1c1sso� into l"-0 

�ccuon,, 11 ,cction �ton:J 111 6 ,·olu111c:1 of 1cc�olJ O. IM pho,phntc burler, pH 7,4, onJ 

homoi;cn11cd u11n� ho111ogcnizcr The resulting homogenate) were centrifuged 111 n speed of 

10,000fl'lll -I C for IOm1nutcs. lhe 1upem.1tonl - JJO�t n11tochondnal fmcuoo (P�F) were 

collected onJ proce65Cd for b1ochcm11;,1l C!lltm41ioru (llussoin cl al, 2009) The second 

�ccuon was r,,cd 1n IO'lo buffered formt1hn for l11stolog1cal n.ucS1mcn1. 

3.10 \SSESS\ll::.1'rl' 01' LIPID PfRO'XIDA'flOl\ 

L1p1d p.:ro"datton \\'lll dctcmuncd by mcoawing the formauon of u1lobllrb1runc: acid rc.ict1vc 

�ub:swncc:s (TB,\RS) oecordmg 10 the method ofVar.hney and Kale ( 1970) 

Principle 

t,11Jcr Jcad1e cond1tton, m.ilondU1ldchyde (t.tDA) produced from the pcro�uJaunn of f.iuy 

acid membranes 11nd food products n:act with the chromogcn,c reai;ent, 2-1h1obarl>1tunc acid 

(TBA) to )icld II p111l< coloured complex v.1lh m11.,1mum nbsorb4ncc o.t S32nm nnd 

nuornccncc pt SSJnm The pan� chromophorc II rachly c,U11Cubte 11110 0111an1c sohmu 

IUCh PS buianol 
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HSkN 
OH CHO 

I 
+ CII1

� 

CIIO 

OIi 
?vIDA 

TBA HS N OH 

Figure ii Rencuon of TD,\ w,lh MDA 

rroccdurl' 

Cl 1-CJ-l-2 -' 
OI-T 

rro<luccJ (pink colour) 

OH 

H 

I 6ml or Tris-KCI buffer wiu mixed wuh an uhquo1 or 0.4ml of lhc tat S41tlplc (i.e Post

mitochondrial supcma1:1n1) 10 -..hieh O.Sml of 30% TCA ,vu added Then O.Sml of 0. 7S%

TBA -..as 11ddcd ond pll1ccd ,n 11 ",Iler bath for -IS minutes at so•c Thn "'iL1 lhcn cooled ,n

1cc Md ecn1nfuged nt JOOOrpm The clt.lr supcm.itanl was collected and absorbancc

m=red 11g,11mt • reference bl11nl,; of d1st1llcd water at SJ2nm. The !\IDA le> c l  was

calculfttcd a.cxonltng to the method af ,\dam-V11J GIid Scrcg1 ( 1911::?). L1p1d rcn,x1dA11on 1n

unilSlmg protein or gram ussuc "ns computed "·uh D molar c�11nc11on o:ocflic1cn1 of I S6 lll

101 �r'cm 1

l\.1DA (un1ts1mg protein)• ,\bsorbarl«: � Volume ofm1�run,

E,1:.,,,• ,-otumc of1,:1mple • mi; Jm)lcln 
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3.11 OIITER,\IINATION 011' C,\ IA.L,\S1-.: ACrl\11 rv 

Cat.1luc ocuvuy WIIS dctc:m1i11ed 11ccord1ng to tl1e method of S1nh.1 C 1972). TI11s method I)

based on the fact tlmt dichromnte tn nccuc ucul is reduced to chromic occtatc when he.ired 1n 

the 11rescncc of H101, wiU1 the formnuon of�rchromic acid llS an unslJlhlc 1n1cnncd101e The 

chromic occulle then produced 1� measured �rc.:tro11hotomclricolly at S70M1 

TI1c prc�oncc of tl1chrum.11c in the 01 ny m1"urc doc::1 not 1n1crfcn: w11l1 the colorimctnc: 

tlcterm1n1111on of chromic 11cci.,1c because II tlocs not ha\.'c. ony absorbency 1n Ilic region. TI1c 

Qtallisc prc)l.lf1ltion 1s ollo" ed to S(lht HlO! for d1fTcrcn1 pcnoch of lime The rcnction ,s 

�topped 01 a pnn1t11 lor 11n1c b) '  the ndd111t111 of d1chlomntc/occtic oc1d mixture and the 

rcm:un1ns H,O: 1s dc ccrmancd by mcc, urinv chron1ic occt..1tc colonmc1ncally alter heaung 

lhc re:ac11on m1�1urc 

l)c1crmln11tlon of C1unln1c nc.tivit) of son,plc, 

0.1ml of :,.1mplc was fflll{ cd  11.,th 0.4ml of d,sullcd \lo11tcr to 91\.'c I 1n S d1lu11on of the 54mplc 

The "-"'"'>' mixlW'C cont.1incd 2m4rt of hydrogen pcro,udc (11:01) 5'lluuon (400µmolcs) and

2 Sml of phosphate buffer 1n a 10ml Oat bouom O.a.,k Tiu: rcacuon "'u run 111 room 

tcmpcr.iturc. A 1ml pon100 of the reaction m"turc \\U w1thdnl•11 and blO\\TI into 1ml 

J1chror11.1tc.'nceuc ncu.l rc.1gcn1 at 60 1CCOnds anicrvals The hrdrogcn �ro"dc contents of the 

,.,tbdnl"''" $.,mplc: "ere dcccrrruned b>· the mcihod descnl><d nbo\c 

J.12 OFTER:'-11:'l,\ TI0:-0 Of l>lll'fROXror DIS�ruT \SF (SOD) \CTl'Trt 

lhc acuvuy profile of SOD 1n the homoi;ciuics w1U dctcnn1ncd b)' lhc method of l\hm 11nd 

frw<l'ICh (11172) 
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Principle 

The ob11i1y of supcro,1dc di�mulllsc 10 1nh1b11 the ou1ox1d.111on of cpincphnnc nl pit 10 2 

m3kes tins n:.,cuon n b:uis for o �1n1plc o.ss;sy for this d1smu10.Sc. 

Supcro"dc (0 . ) mdu:11I i;cncm1cd by the ,nn1l11nc oxuLuc n:.1c11on coiucd Ilic o:udnuon of

cp1ncpbnnc 10 odn:nochronu: nnd 1he yield of ,1drc:nochromc produced per O introduced 

incn:.ucd \\ uh 1ncn:,111nE pit (Valcnno anti �le Cnnnuck 1971) und aho ,ncr�cd w·11l1 

incrc.uing conccnu,111on of cptncphnnc. fhc\e rc�ullll led 10 the prOf'0"'11 thol ou10J11douon of 

cplDcphnne proceeds by 01 lc.·u1 1wo d11tlnc1 p,uhways, only one of which 1s n (rec rud,col 

ch.tin rc.-ic11on ,nvol\'tng supcro,1dc (0 ,) mtltcol und hence 1nh1b1l able by SOD,

Procedure 

1ml of s:implc wo.� diluted 1n 9ml of cfutillcd waler 10 make a I an 10 diluuon \n ahquo1 of 

the d1Ju1cd sample was added 10 2.5ml of O.OSM C111bona1c buffer (pH 10.2) 10 cqu1hbra1c ,n 

lhe spc,cuopho10mc1cr und lbc rc11cnon slOtlCd by lhc adJh,on of 0.3ml of frailly prcp:u,:xl 

O Jml-,1 odreiwwc 10 the m,,.1urc which v.as quickly mtllcd b)' 1nvcn1on. The reference 

c:u,cnc con!Dincd 2.5ml buffer, 0 3ml o( sub�lnllD (adrc:tw1nc) and O 2ml of w111c:r The 

IDCl'C:lie in absorb.mce 01 -'80run v.os moru1ored every 30 seconds for 150 sccond, 

C,\LCUI \ no:-.: lnc.rcose ,n obsorb�ncc per minute- A1-, 

25 

\\nm:, ,\.l • nbsortMnce aflcr sccorwh 

A1 • ob5orbADCe 150 second, 

�. 1nh1b111on • lncn:::ne an 11bsorbancc for suh�1r111c• 100 

1ncre11e ,n nmorh.m:c orbhU1lc 

••
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I unit of SOD acuvuy WIIS gi\·cn as the amount of SOD neccs,,ary to cause 50,;, mhlb111on of 

the oitidlluon of adrcnalinc to odn:nochromc dunng I nunute. 

J.13 liJSTOLOCIC,U. ANALYSIS 

Step I (Collection of Tissues): The stomnch \\.M n:mo\'c:d and it \\11.\ opened along the 

greater curYnlllrC nnd rinsed to normal .ihne to l"l!mO\'C the food debris. 

Step 2 (rl\otloo or Tissues): The stomach lhcn wus pl3ced 1n sample bonlc c-0nLillllng Io,,

fonnolan 

Step J {Dcb)drallon): \Valer wns rcmo\'ed from the ti�\Uc by pulling 11 to ascending l!,llldcs 

of nle-0hol (70.,o, 80°/o, 90"1., :? changes of 100,'o) one hour c.:ich A!!Ccndlng conccm1r1111on, of 

nlcobol was used to pre\'cnt sudden nub out of \\Dier from the tissues. so lhnt the cell will not 

be d1stoncd or dllmaged. 

Step .i (Clcarinl:}: Alcohol wAS then rcmo,·cd from the us�ues bccau.�c II 1s not m1sc1blc \\'\lh 

paraffin Xylene olso llllldc the op�que twuc transpaRnl, therefore the name clc:mng s�gc. 

The us�uc: \\'DS puacd rn·1cc through ")lcnc, nnJ )pent 2 hours ColCh umc 

Slll�c 5 (Embedding): TI1c 11,1uc ,viu infil1111tl!d and 1mprcgn.'.ltcd 1n 2 ch.'\ng� mC1hcn 

p:iraffin wo:.: one hour each II was allo"cd 10 cool on o fro1cn ,urfacc: then rcmO\'etl 

Step 6 (l\llcro1001y): The tissue WO\ trimmed 10 c,posc ussuc surface \\lib m1crotomc o,nd 

\\a, coolctl on ice: Sµ of t1s.-ruc: \\'&S )«lJoncd. 

Sltp 7 (l\lountlnit of Paraffin Sections): flon1 using 2% alcohol 1n10 n \\11m1 water of ohout 

2 c below· melung point of wo,. UJc ck.in. gr,:;,� fn:c tlidc 10 pick the n�11n11 ,c-cuon The 

other ,idc of the shdc wu clc.incd nnJ placed on hot 1ila1e oiler pmrcr labelling fClr about l 

hours for the ICCIIOD 10 be completely 6,cd ond the Jhtlc 10 dry 
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Step 8 (Stnlnlnt): 111c scx:uon WIIS dc:paraffin1sed 1n 2 changes or ,)'lcnc for-I minutes c.1clt 

so lha1 the stains can pcnneate. The slide WIIS lhen llllJilersed 111 o descending concentration of 

11leohol (1.e 100� •• 90%, 800/4, and 70o/o) for l mioule ID each nleohol soluuon so � lO 

dehydrale 11 .  The slides were rin�ed m ,wtcr and placed ID Erhheh he.1m:ito,)·lln for nhoul l S 

m1Dutes. The slides were dipped ID 1% acid-3lcohol (2 dJps) nnd nosed 1n runntn£ \\3lc:t for 

obou1 3 minulC5 1111 the colour or the section 10 become blue. The slides were ,mmcr..c:d 10 

05Ccnding gr.ides of alcohol (7�4. so,�. 90% and IOO'l-o) for .ibout JO second< �o .is to 

dch)-drolc the prcp:1muon The prq'13111Uon \\115 cl=d of alcohol by dipping 11 10 xylene (or

I m1nu1e. Afier 1hesc, tile slide w·ns bloucd and mounted under 3 co,·cr i.ltp wms 

d1bu1ylph1holcnc xylene (Dl'X). and cur bubbles were prcvcnlcd from gelling 1n the •lide was 

then read under the m1cro!COpc using "JOO m.1gnific:111ion nnd lc,10.u wcru nolc:d A 

pholomicrogruph of the shdc wus then 101.en The c,1cn1 of lUSllc IDJW)' \\115 scored oo o 

sc;.1lc or tissues con1mc11on. regeneration or the ukcrolcd mucosa. nod innn.nunatory exuda1es 

wiu observed under ltcrcom1croscopc 

J. 1-1 STATIS
T
ICAL ,\NALYSIS 

Volue, were c,prcsscd os �tcaittSEl',I onJ \\Crc o.n:il)Jcd using one -.,.·ay ,\:SOVA and 

$luden1 t• test. Values were considered !t1gnific.int at p .. 0.05. 
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Cll,\PTER FOt;R 

RESULTS 

-I.I CONCENTRATION OF ClffiOI\IIU-1\1 I� TrlE BLOOD OF t-,;XPl::Rll\tENT AL 

R,\T� 

Twelve week c,posure of 0llpcnmcn111I mll 10 Chrom1u1n cowed 11 51pn1fiC4111 1ncn:llsc in the 

blood chromium lc\l:I of chromium 11c.11cd gn,ups (Chrlll-10 0 IU.0.01; Chrlll-100. 

0.12.1.0.01, ChrVI 10: 0 13 .0.01 ond ChrVI 100: 0.2"t0.03) \\hen compnrcd with the non• 

ulcemtcd control srour (nConl) (0.08 :1:0.0I) TI1i, 1s 11111:/trnlcd in Figure S. 

�· 
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fiiturc S: Blood Chromium concenuuhon 01 12 wttks 

• Sii;rulic.ant nc p O OS when c:omrarcd with chc non-ulc:crnccJ c:onlrol 1,1roup (nConc)

nConc Non-ull:cnatcd control 

uCont UlcC(llled control 

Chrlll-10. Chromium 1n 111 IOppm 

ChrID-100: Chrorruwn Ill RI IOOppm 

ChrVl-10: Chromium VI ol IOppm 

ChtVl-100· Chrom1un1 \ I 111 lOOrrm 
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4.2 EFFFCT OF ClffiOl\llUt\l ON r, LORIC LIC,\ rlO!', INOUCFD 

ULCERAflON 

Lig,11ion or lhc �,omach pyloric cnJ cau!>CJ ulccrution in the nits' Momnch. The mc:3n ulc .. r 

score of chromium expo�ed groups (Chrlll-10; I 63.10.24. Chrlll 100: 2.75¼0 14' ChrVl-10. 

I, 75±0.25 and Chr\'1-100; 2.75±0.25) \\Cl'C �1gnifiClllllly lower compDICd with lhe ulccrntcd 

conll'OI (uConl) grou(I (.\.00±0.45) (Figure 6), 
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� l_J 
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I S 

I 

0.5 

I 0 

L _  
nCon1 uConl 

• 
• 

• 
• 

c� 111-10 CNIII 100 (111\'l ,IO Chr\"l-100 
Trcatmrnl 

Figure 6. Effect or Chrom1un1 on mc:in ulcer score 1n pylonc ligouon ulcer model 

• S1gnilicnn1111 r O.OS when comp11rcJ w11h tha Ulcerated con1rol (11Con1)

nCon1 �on-ulccrolcJ control

uCon1. Ulccralcd control

Chrlll· 10· Chromium rn ot IOppm

Chr(Tt-100 Cbrollllum 111111 IOOrrm 

CbrVl· 10: Chromium Vt 01 IOppm

ChrVl-tOO: ChroD11um VI•• tOOrrm
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4.3 l\lACROSCOr1c i\l'l'f \RANCE or STO,\l,\CII TISSL,E ,� PYLORIC 

LIGATION INDUCED ULCl:l:R l\lODf.l 

The non•ulccmlcd control (nCont) stomnch nppe.,� nominl. there 15 no "is1blc lesion Thus. 

lhc ulccmtcd contr0I stomnch 1s ch:lmctcnud by ulcer ,�111ch i� grclltcr tlUID Jmm bu1 less 

thn,n Srnm m d1ru11c1cr TI1c chronuum exposed group> nn: tll�tinguishcd by n:d coloumllon 

h3cmorrhng1c slIC.lks ontl ulccr5 grcnlcr llll\D Jmm b111 lc.ss th;in 5mm 1n tliomctcr This cnn be 

�� 1n Tobie J below. 
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Tobie 3: \lc:in Ulcer sc.·orc and mocroscoplr nppr2rancr or i1omach lis\ul' In p)loric 

ligation ulcer model 

Treatment i:roups l\lacroscopic oppCllrnncc 1\ll'lln Ulcer Sc-ore 

nCont O.OOt.0.00 

uCont 4.00±0 -IS 

Chrlll-10 1.63.i.024 

2.75-tO 14 Chrlll-100 

ChtVl-10 

2. 7S.!O . .:?S
ChrVl-100 

,...____ _  __ red ,nth the Ulccrntcd control (uCont)
• Sign1ficnnt nl p O.OS whm camp.t 

II lfacn1onhogic $l1Cll1' 

R• 

U· 

Red cotour11uon

1 m < .Smm
Ulccn grt'lltcr than. m 
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"-" EFFECT OF CTTROl\tru,1 o, GASTRlC \CLO Ol,TPUT \'OLU\r£ TN 

PYLORlC LIGATION INDUCED ULCER l\lODEL 

The volume of the gustnc ocid output was signifiC,llltl)· lower u, Chromium C'(J)OSed groups 

(Chrnl-10. 0.55±0.0-1, Chrlll-100· 0.80±0.0-1, ChrVJ-10: OAS.t0.07) oomp.in:d with the 

ulcerated conU'OI (uConl) (l.JJ.t0.22) group. The: ChrVl-100 1re.1tcd gn:,up (I OS.!:0.03) 

showed no s1grufiau,t d11Tcrc:nce wbm compared with ulccrutell control (uCont) (Figure 7). 
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Figure 7: Effect of Chromnun on G;istnc: octd volume lll pyloric hgntion ulc:c:r model 

• S1gnilican1 nl p-*0.05 when comp.lml ,�,th the Ulccrntcd control (uConl)

nCon1: Noo-ulca11tcd control 

uConl Ulcerated control 

Chrlll-10 Chromium Ill 01 IOppm 

Chrlll-100 Chromium Ill at IOOppm 

ChrVl-10: Chromium V1 DI IOppm 

ChrVI 100: Chromium VI al IOOppm 
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�.S EFFECT OF CIIROi\llUJ\t ON GASTRIC 01.rl PUT \CIDJl"Y J'i l'YLORIC 

LIGATION INDUCED ULCERATION 

The oc1d1ty of gastnc JUICO sccn:lcd w115 s1gmfic:nn1ly lower 10 chromium exposed groups 

(Clirlll-10. l:?.00.1.1.00; Clirlll-100. 26.92..2 47, ChrVl-10. 16.00il SJ, ChrVI 100. 

26 7S.s.l .46) compJmi wllh the ultcrulcd con1rot (uConlJ (34.00 1.00) (F1i;urc 8) 
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Fieurc 8: Effect o(Chromnun on GMtnc outpu1 oe11hty 1n pyloric hgZLtion ulcer model 

• S1gn1ric:ant 01 p O.OS when comp.1rcJ with the Ulccn11cd conuol (uCont)

nCont. Non-ulcmired control 

uCont Ulcerated contr0I 

Chrlll-10 Chromium UI 01 IOppm 

Chrlll 100: Chromium Ill 01 IOOppm 

CbrVl-10: Chromium vr nt IOppm 

Chr\'l-100: Chromium VI at IOOppm 
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�.6 EFFECT OF CTIROl\tl�I O.._ Lll'l0 rEROXIOATION 1, PYLORIC

LIGATION INDUCED ULCERATION 

Tho induction of ulcer couscd o significonl increase: m hp1d pcro,t1d:iuon level of all 1n:4uncn1 

groups (uConl. 11.8710.07; Chrlll-10: 8 19L0.08. Chrlll•IOO; 8.951.0 28. Chr\11 10. 

8.90:t0.29, ChrVl-100; 9.72*0.17) when comp.,rcd \\llh the 11on-ulccra1cd control (nCont) 

(J.24±0 13). llowcver, the lip11J pcrox11J.111on levels of all chronuum c�poscd l!roups "ere 

s1smlicontly dccrca.�cd con1pon:d wllh the ulccrnlrd co111rol (uConl) ( 11.87.ac0.07) nu, result 

rs 1llustro1cd 1n Frgurc 9 below 
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'1' 
12 # 

,:_ 10 11• /I•
" 

11· 
II• .. 
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8 •• 
= 

••• 
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•• .. 
• 

•• 
6 :-:· •••• 

.. ,,
< 

4 • 
-::: 0 .-
-x .. 

• . .,. 2 ' .... -.� 
I '• • • 

�.·· 
0 . . . . . �-·_,. .

11Con1 uConl Ch,111·10 Clvlll-100 Ch,Vl-10 Chr\'l,100 
'ttt11mtnl J 

Fls:urc 9: EfT«l of Chromium on hpid J!CtO"dauon in pylonc hgouon ulcer model 

• S1gnificont nt J)'"-0.05 when compared w11h the Ulccrutcd control (uCont)

# Significont ot J)"-0.0S when c:omp;iml with the non-ulccrnted control (nCont) 

nCont: Non-ulccmtcd c:oouol 

uCont Ulcerated contrOI 

Cluill-10; Chromium lrl nl IOppm 

Chrlll-100; Chromium m 01 IOOppm 

ChrVl-10. Chromium VI ftt IOppm 

ChrVl-100: Chromium VI at IOOppm 
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�.7 F'l•FECT 01• CllltO\IIUi\1 o, SL l'fltOXIDI, Ut',,tU I A Sf (',OD) IN 

I'\ I ORIC LIG \ TIOl\ I', OUCP.I) ULCI fl,\ 1 ION 

Th0 Supcro\ltlu D1�1n1111nc (SOD) nclfvil)' "AS s1gnllic.:in1ly higher In 111 chromium exposed 

group, (Chrlll 10 I IS )4il JS, Chrlll 100 99 71J2 10, ChrVI 10 JOb.72:i0.88, ChrVJ. 

100. 95.0'.!.:iO.•lb) comp.,rcd with 1hc 11lccn11ctl conirol (uConl) (9i �0.8) anti 11gn11iun1ly

to,�cr an oil the: group, con1p.in:d wub tl1c non-ulccr,llcd conllOI (nCont) group ( 12.i :S8:t I 01 J 

(Figure JO) 
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Figure I 0: EITcc1 or Chrom1un1 on Supcro�ulc DlllTIUl4Sc (SOD) ocltvll)' m pylonc hgiit1on 

ulcer model 

• Significant 111 JPO.OS when comp;iml with !he Ulcer.ucd control (uCon1)

# Significant Bl  p--0.05 when comp.ired with the non-ulcc:m1cJ control (oCont) 

nCon1: Non-ulccmtcd coo1rol 

uCont Ulcerated control 

Chrlll-10 Chromium lU GI IOppm 

Chrlll-100' Chromium Ill 01 l()Orpm 

ChrVl-10: Chromium VI GI IOppm 

ChrVl-100: ChrolllJUID VI at 100prm 
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-',I! FFFFCT OF CllllO\IIUl\1 0,\ C\f\LASE \C'rl\lf\' 1:-, P\LORIC 

LIG,\llON l�DUCEO ULCElt \IOD£l. 

The Callll3-,c nc11v11y wo� sigmlic,,ntly h1gh<"r in all chromium c•rosed groups CChrlll-10. 

1173 9St:I0.9:,, Chrlll 100 1021.lS• 13.68, ChrVI, 10 1089 10±:7 20, ChrVl-100 

974 42:tiS.82) comp.m:d w11b I.he ulccm1ed control (uCool) (9JO 74¼9.28) They "'m: 

ho1\cvcr s1gnilic:anlly lower comp.11'Cd ID I.he non-ulccnll.ed control (nC.onl) group 

(ISOS.Ol.t:20.22) (Figun: 11). 
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Figure 11: EITcc1 of chromium on c:11111losc nc101ty in pylonc llgnuon ulccc model 

• S1gnific:an1 nl p•O.OS ,vhcn comp;iml \\llh the Ulccruled conlrol group

If S1snifiClllll Ill p'"-0.05 ,�bc:n compllffll �,lh the non-ulccrnu:d control group 

nCon1 Noo-ulcc:rn1cd conu-ol 

uConl: Ulccroicd conirol 

Chrlll-10' Chromium DI 01 IOppm 

a,rm-100 Cbroouum 111 01 IOOppm 

ChrVl,10: Chromium VJ 111 JOppm 

Chr"'l-100. Chromium VI at JOOppm
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�.9 r110To,ncROGRAPII OF STO'\I \CII IIISTOI.OCY I" PYLORIC

LIGATION ;110DEL 

I hstology sho\vcd erosion of the surfncc q111hclium ond m3rkcd eongc�oon of blood vessels 

in the uCont group. TI1c chron11um cxpo�cd groups showed maid erosion of lhc surface 

qi11hchum ns �h0\\1l rn Figure 12. 
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oCoorrol: There is no ,•is1hlc lesion ondthc r.:r:����-s-
=
--=-

runic., nl\: 1nloct 11&1! :1.100 
uConrrol: lvlorkcd congestion ofsubmuco�I 
blood v;:,,-cb in s<1uomous portion (l>l�ck 

Oirlll-10: tvlild erosion of  
q11lheliwn (\\bite BJTOW). 1 l&ll, 100 

orrow), 0 fc" foe, or erosion (,,hitc 11rro\\)
11&1! xlOO 

�urfocc Chrlll-100: 1',1odcrotc congcs11on of blood

,�,cl, in 1unlc mUci:1"1 (while IIIT'OW) H&E

I , I 00

I 

), 

-

ChrVl-10: t-1oJcnita erosion af )urf.,cc Chr\·1.100: FOCIII cro,ion of surface

cp1thc:hwn ,n.1rl,;cd congcsuon of hlc,oJ q,11.hclium and other 1unic< ,ho"s no , i,ibk

,cs\CI� wh11c11rrow). H&E.:1\100 _ I k o�h11c 1m>W H&ll '1.100 

F1 gt.1re 12 rhoromu:rograph.s of s1am.1ch uuues 1n pylonc l1p11011 ,nJuccJ ulcnnuon model
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-1.10 EFFECT OF CHROI\IIU;\I ON INDO;\ILTll,\CIN INDUCED ULCElt,\ r,o ..

lilducuon of ulcer using indomcthncin c11uscd s1gruficnn1 ulccmlion in 1hc ulccrntcd control 

{uCont) ( I 2.60±0.48) compnrcd 10 non-ulccmtcd stomach (nConl) (0.00i0.00) Chromium 

c,posurc decreases i.hc dci;rcc of ulcc111uon o.s seen 1n the chromium 1rc:1tcd group, (ChrllJ 

10: 10.25±0.48, Chrlll-100· 10 78±0,18: Cht\11-10; 11 J&,.0.48; ChrVl-100; 12 IOtil.56) 

This decrease: wos however s1gn1ficant only in the Chrlll-10 1111d Chrlll-100 groups (Figure 

13). 
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1 rt1fmtnl 

Fii:urc 13: EfTcct of Chromium on �le.in ulcer score In  lndomclbac1n induced ulcer model 

• SignifiCMt nt p....0.05 when compared "'th the Ukcralcd control (uCont) 

nCont Non-ulcerated control

uCont. Ulccmtcd conll'Ol
• 

Chrrll-10; Chromium Ill 01 I Oprm 

Chrffi-100: Chromium 111 al IOOppm

Chr\, 1-10: Chronuum VI at IOprm

ChrVl-100, Chromium VI a1 IOOppm
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,I, II \IACROSCor,c ArrEAR,\NCI! 011 s·, 0,1.,cll ., ,s-.ui:; ,� 

!NOOl\lETIIACIN fNDUCEO ULCt,;lt ,\JODEL

I 
There 1s no visible lesion in the non-ulccm1cd control (nCont) 5tomach The ulccmtcd con1,ol 

(uConl) stomach � ulcer.; greater thnn 3mm ,n dinmclcr nnd the chronuum c,poscd groups 

are chnmcicrizcd by pin poin� or puncluntc ulcers ru �ho"n in Tobie 4, 
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rnhlc 4: 'lcnn Ukcr score nud 11incrO\COplc R ppcnrnnct' of stomnch ll\\t1<' In

11 ccr model indorncthncio Induced 1 

�T�rc�n�l�ll�IC�l l�l�jt�T�O�llp��s=--1��;;;����;:;;-;;;;;--r�--:-,----
�t-niii6o�n;;i1 ___ �:_--�":' n:c:roScopic appcnrnncc --
I 

l\lr:111 Ulcer scort> 
0.00i0.00 

uConl 12.60t0.48 

Chrlll-10 I0.25i0 . .J8
.-

I0.78i0 18 Chrlll 100 

11.38(0 -17 
Chr\'1-10 

12.10£-0-56 

· •gn• ,a,nt 111 r•O.OS "hen comp;ucd "11h 1he U1caa1cd conuol (uO>nl)
• s "ti 

\\'h11e ,\now- r,n poinl ulccnl

Ro.I ,\m>\• ·1 "o or more SJJIJIII ti.,cmonhJgic ukcn

Obcl; ,\rro11r utccn �I.Cr 111.,n Jnun an d,.unctct
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F1gun: 14: Effect of Chromium on Lipid rcro"dallon in mdomcth.,cm ulcer model 

• S1gn1fiC11nl 01 p-0.0S when comp:ircd -..,th the Ulccmted control 11roup

# Significant 01 p--0.0S when comp:ircd w11h the non-ulctrelcd control group 

nCont. Noo-ulccrulcd control

uCont: Ulccmtcd control

Chrlll-10: Chrom1111n lil 01 IOppm

oirm-100 Cbromrum IU at IOOppm

Chr\ 1-10: Chromium Vl Ill (Oppm

ChrVl-100: Chromium VI ot IOOppm
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-1.13 EFFECT OF c1rno.-.nu,1 0 SUP[llOXIOt l)l�l\ll
fl ,\SL (SOO)

ACTl\'ln' IN INOOl\lF.TIIACIN INDUCtD ULCtlt �IOO�L 

The Supcro:-.1dc Dismulllsc (SOD) octJ,·tt)' of the nCont: 124 46 0 59; Chrlll•IO 

115.69±1 IO;Chrln-100 Ill 46i0.77 ChrVl-10 12l.lSi0.0911ndChrVI-IOO: 121.4610,27 

were sign1ficnntly higher than the ulcerated contrnl (uCont) ( 108 SIU0.4Q) !!IOU/1 (F 1gurc IS) 
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Figure IS. ElTccl of Chromium on Surcro;(1dc d1smu1nsc (SOD) ncu�uy in 1ndomc1h11c1n 

induced ulcer model 

• S1gn1fic11n1 ill p<0.05 when compnrcd with the Ulcc1111cd conll'OI i:roup

# Significant at p<O.OS ,,bcn compru-cd ",th the non-ul«nuod control group

nCont: Non-ulccrotcd control

uCont, Ulccro1cd control

Cbrlll-10 Chrom11.llll Ul at IOppm

Chrlll-100 Chromium Ill 11 IOOppm

Cbr\'l-10· Chromium VI 01 IOppm

ChrVl-100: ChrollllUffl VI nl 100ppm
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�.14 I l•l•FC-1 01< C'llllOi\llUi\l C)N (,\I \I ,,1 \C 11\ 11 \ IN l'IIJOl\11 I IIAC 1,

INl>UCl•.I> Ul.CEll l\lOUbl. 

The Cnlntn,c nc1tv11y ,,1i- e111nlli,,11UI)· hlfh, In nll chn,111111111 c,post<I g,1,i,p (( 1 rlll•IO 

1160.5tt1.21 87, C'hrlll 100 11:?t, ll�S.116, Chr\'l-10 1254 O.ttS 22, ChrVl-100 

124692±11.71) compnrcd with 1h11 11lctraled cn1111tll (uCnnl) (1094 ll:tR 28) They w,:11:

ho"c,cr s1gn11ic4Jlll) lower ,:omp.,ml 10 1hc fl<'ln,ulcrm1ed con1rol (nl""onlJ group 

(1497_\Ul-1.02) II 15urc 16). 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



1600 .. 
-E jC UOO 

l 
� 1200 
E 

I: 1000"-
0 " .. ·-

0 i ft()()
�

- C. 

'i 600 

! �00 .. 
.; 
!! 100 

• 

• • • 
• •• • • • • • •• • 

• •• •• • 
• •• • . .• 
. . • • 
• . .• 
• • • • • 

• • 
• • 
. . 
• • . .
•

•• •• 
II 

••
•••
:-: 
••• 
••• 
•:• 
:( 
·=·

:� 
•••••
• ••

nConl uConl Clvlll•IO Chrlll•IOO (i,,VI ID ChrVI 100 

Trr.1trtun1 

--- J 

Figure 16: Effect or Chromium on cn1Jll11.�c nctivil)' ill indomcthncin induc<"d uk<'r model 

nCont. Non-ulccmtc:J control

uCont UlcC111tcd control

Chrlll-10: Chromium Ill 111 I Oppm

Chrlll-100: Chromium ITI 01 IOOppm

Chrvt-10 Chromium VI Bl IOppm

Chr\'l-100. Chromium VI ol IOOppm
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,.1s PIIOTO.\IICROGR..\PII Of STO�L\CJJ IU�TOtOC\ ., 1,oo,1£TIIACf\ 

1:-.DliCED IJLCER J\IODEL 

Histology lho"cd c:ros1on of Ilic sunoce cp11.bcllum and m.utcd coagesuon of blood ,csscls 

m the uCon1 i;roup The chromnun c'<poscd groups 1bo"cd maid mn10n of the sunac:c

cp1lhchum 115 sho"-n m Figun: 17 
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nCont: There ,� no ,·1s1blc 
twuc. ore 1ntnc1 11&.f ,JOO 

lesion nnil the l uCont: fro\1on of ,urfu�c epithelium 
_ __. (\\ hitc 111TOw). H.1.1: XIOO

• 

• 

Chrlll-10: \ few fo.:1 of iltcp hc.ikd or Chrlll-100: A fn, foci of h.1cmorrh.1gc:s,

Jcpr�� cro11ons; n1oilcn1tc cons�uon of 
I 

nc.:rotac foe• �IOIJ rqil,u;cd by rcgcncrouns

blood vascb an submuco...s (\\llutc; arrow), Cl')llh(\\llutoOJTOw) H&E XIOO 

H&EXIOO 

... 

<"hr\ l•IO: ;\toJmatc; c:,t)SIOR Of )Urfa, C ''ct,r\'1•100: /\falJ

-· h�liwn (\Vlutc arrow) 1 l&E X 100 I ��
00

·t qiaibchum

muhafoail erosu,n <1f 
(\\'lute amn1·) ll&I. 

r;,.,..,c 17 r h 1 ,�uo w ,ndclmc1hiw:1n ,nctuccJ ulcct niodcl

c- J'OOIOffllCNJ;111J'l\s O JIOIJlDC I 
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Cit \PiER Fl\ 1:.

DISCUSSION,\ 'D CO"C1.IJ$ION 

5.1 DISCUSSION 

This study 1nvc:�ngo1cd u,c cfkclS of Cbro nuum on citpcMtcnul ulccrnuon u,ing p}lonc 

h11.iuon rnodcl nnd lndo1nc:lluic1n induced model 

• "ccb cou,cd II J1gn11icon1The ndm1mstrnuon or Chromium for !he: dum11011 of 1w•l11c 

mcn:asc 1n !he blood Chrom1u1n tonccn1rnhon 1n tl1c Chromium cxpo,cd group, "hen

comp.ired \\'ilh the eon1rol group The 1ncrc.15Cd blood Chromium level ind1eo1cs upo,un: 1o

Chromium and this 1ncrcmcn1 obsovcd ll consi,tcnt "1th pn:v1011s ,1uJ1c• 1h.11 observed

clc,11led levels o f  Chromium 1n tl1c blood. SCl'UIII, urine. and other 1i�,uc. lll!d orgu.ns m

p;itirnts "·1th coboll•throm111m knee o.nJ lup orthroplnu1 (Colcrn.'ln ,,, al., 1973. M1chcl, ct al.,

1987; Sundcnnnn ,., al., 1989; ATSDR. 2000)

Ho.,..cvcr the ,ncn:.ucd blood Chroll'llum conccnt11111on 10 the IOOppm Chromium VI gnr1p

"'11S sigwficlllllly higher than the otl1cr Chromium c�poscd pou� Tlus Ii in agrccmcn1 with

P,C\'lOUJ stwhes 1n botll on1mals nnd hum�n, 1h41 tha"cd th.ti e,pc»un: to hc,a,-alcnt

Chromium (Chromium vn v13 dr,nk1ng "'atcr lc.uls to clc..1ucd Chromium lcvclJ 1n ussuC$,

pan1cuT11rty the gnstr0intC$Unol tmcl. blood, 1t,cr, kidney, 1111J lfllccn (Knier r1 al. 1996, 

Finley, 1997, ,\ndcrwn. 2002; NTP, 2008: EPA, 2010a), Generally. Chromium \'I

annpounds arc bcner ab5orbal 11uoush the in1�u113l mll(o:ia than the Chromium Ill

compoond., In bum,'lt\S nnJ 111um,b. ICSJ 111311 1% or ,noraanic Chromium Il l and ooou1 ,�.

Or V1 b rbeJ rrorn I.he: gut, the lam:r 111ooun1 11 sl1i;h1ly higher 1n 11

1norgru11c Chromium ore o so 

' -·· nJ n- 1 1966 Da)11n ond Paine, 2001, ,\TSDR. 200S)

, .. ,ung ,utc ( Doruld.uin a u.olffr& •
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rcpnc ulcer 1s  one or the major glUtro ·intcstuul disnrdcrs \\.hich occur due 1n nn 1mhalancc 

bet\\ ccn the offcnsi\'c (l:(0$llit uc d I ,ccrelton) and defensive (gallnc muco�al antcgnly) 

factors (I loogcrwcrf nnd ra,ncha .,006 S kn • • · n · I <'I al , 2012) 

p uro Iii.ti ,ho,� 5 the �ss1blc changes 1n pammctcr, Pylol'lb hg,llurc LS nn IIDportnnl roccd 

rcloll\'C 10 the 1:tn�lnc content (:\lunel ,:t nf, 2008, Saknt ct"'. 2012) n,c cau:.c-. or 11.i.,tnc

ulcer Ill pyloric hg.,uon .ire bchc,·c,I 10 be due 10 mere,, r 1n g.utnc h}-drochlonc acid

secrcuon ond'or 114sis ol nc1d this le.,ding 10 Juln Jl11c�uon of the g�tnc mucosa nnJ

brc.lkdown of the gnstnc muco!l.1I bamcr Thc,c fncton. an: n™Kmlcd w.ih the davclopmc:nt

of upper 11,a.str01n1c�ullill d.unngc 1nclud1ng l�lOn�. ulccl"I 4lld hrc thratcn,ng pcrfomuon nnJ

hacmo�gc (Ku= ct al, '.!011; S.k111 ,., al, 2012)

In this study, the ligalJon of the pylorus end of the stomach causes ob'IOUS g.utnc

macroscopic nnd microscopic muco�,I lnJUJ')' llo .. cvCT. the c,po,urc of the rota 10

Chromium HI nnd Chromium VI 01 both IOppm nnd IOOppm for the pcnod of iwchc .. eeks

11gn1 1ican1ly dccrc:3SCCI sinmc acid output and oc1dll)' of the i;utnc JUICC tompllred to

ulcerated conuol. Tius al.so sign11icandy reduced the number of ulcen formed compared to

ulcc:ratc:d cont1ol 11tlJ s,i:n1 rtc.,nt dccrc.uc tn the macro5Cop1c 11ppea111ncc of the �tomach ,n

all Chromium oposcd group, �uggests tMI Chro1111UJ:11 1nh1b1L, t.bc form.>Uon of ulcer

Hc:uvlllcnt Chro1J1Jum seems 10 be: prorcconi the ,10rnach Crom mucosal ll1JUI)' call$Cd hy the

.,.�- J r 
t.bc stom3eh, Th11 ,s cont/DI')' to 1hc result nf :\tancuso I 1951)

--uU JIIJOO O i;astnC JUICe lO 

m th tud ed 97 -'·en tn I chrome planl, he rcponeJ tl1.11t psll'01n1csunal

e s y c:onduc:1 on -..o,a 

l'Mloi;nphy rcvc.,lc:d 10 orlhe ... on;c� had ulcer fornuuon 

...... _ 
rc:.1J,ly 11,sorbeJ. Chromium Ill 1s rood) ab,orbcd

""' chromium VI compounds arc more

cd 10 ("hf0m1um VI (r,rm (,\TSDR. :?00 ) 1bc

by nny mute nnd I.he (OstlCIIY IS at11'1hUI 

1 score might be due ID the rcd1K1ton or Chromium

gn1fian1 decrease 1n m.-u:roS(Of'IC II ccr 

ftJ 
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\'I to Chromium 111 \\llh1n the guu, c cnvironmt'nt '-'hen: gnitnc Ou1d (De Flora,,, al. 1987)

and iucorbnlc (Snm1tz.. 1970) rlo>· imponimt roles C \TSDR '000 , . • ) ll!c first dcfcn� agamn

Chromiuin VI -tOcr oml C'lp<>surc 1s the reducuon or Chromium \'I to Chromium Ill within

the gil.'Juic cn\'1ronmcnl (ATSDR, 2000; AlSDR. 2008). 

Oa.,1nc acid �«:rel ion is "ell known to rlay o role 1n g.utric ulcer fonn.tuoo nnd this e:,.phuru 

lhc mechnn1�m or ocuon or nmny �nli-ulcer drug, (Schm,1"mnnn. 1998: ,\Jc1gbc ct al.

2008) This confirms the s1gn11icoo1 mcrc:t\e 1n the sn,lnc acul output 1n the ulcerated control 

group I lowcvcr, the giutnc ae1d output 1n oil the iuour, were 11�n11ie.tnt.ly dcc:rciucd when 

comp-trcd "1lh tho ulccmtcd control group 11,11h the e,cq,t1QO of Ille IOOppm Chromium VI 

wluch WII.S lower to the ulcer olono i;roup but \\DS not 11Jlllllic..1nt Th" dccru-c in the gutnc 

acid output 1n t.11c chrom1wn expased group� also confimu tbc �ucuon in the mxroscop1e 

ulcer score gotten fro111 th1\ �ludy, 

The� rcsulL� imply IMI c,po\uro of rats to C1uom1um ults at dose, of IOl'fltn ond IOOppm

pre,.·cnt:; the fonnauon of ulcer in the mt'\ �,on1ach

NS \IDs) such 11s indomcthoe:m cause ga.,tnc
Non-steroidal :in1i-1nOamma1ory drugs , • ' · 

r ,os111g1Anchn (Goodnun and Ci1lman. 1996,
ulccrauon b)' 1nh1b111n11 the S)'TlthCSIS o g.u1r1c P 

__ ., S t>,uh 1or•) Thc::;e :,..SAI01 aausc gutnc

\\"allacc, 200 I; Kleinman. 2008, Shiruh.1 "'.., u • • -

IOO't)ltt'nliC 1h11 promote 5)"Dthests of

ulccraunn by 1nh1b1ung the enzymes eye 

r ,01 •) Pn»Uitlanduu a� 11 croup or

pros1.1gland1ns (K�h1m11, :!009, Sal:.111 ct " ' - • 

1 d , cDC t-,ormo�-hkc c!Tcctt 1n ammals and

ph:r,,oloii1cally oeu, c 1tp1d compound• lh.lt i3vc 1 

role 1n the JWfflllc.h. by ,umubuns lhc

...._ _ u,I protc<U•C
•=• Pro1tagla.ndlJ\S play a ,� 

••I bloN no,., IIJld rqt1Lltaf1V m�l
inui.runs muco-

lCCrctKm of t,1CMbon.1tc and mucus, m• 

1 lOll) Pro'1Jll1nd111 stunubtc: the

I 1995 s,Lat ct a , 
cctl turnover and rrp.,lr (llayl ar, ' • 

... urto:c l'f the it. ma(h 11111 i!cl 1.,,-a

I l 11....., on u,c s 

dC"\ "1J,mffit of II prntcCIIVC gel• I C ;-· 
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tn t,,,1h 1 1I, C'I n1,1<lch cum11 uc,I lo th ul r1I I 111 ,11 Kl 111, 1111 ,I r

11(" ,1,IAth•n 1n1phc thnt ( hr\1111111111 WU M 1111 ,r:21� 111 11. lorn ri>d

111 llri,:I 

lhc 

in.:rn� 111 the �10/\ lt,cl ol th· ul-.c,nl I 11111,I ui tt the l11 h fr rv,I I 1 
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S.? CONCLUSION 

From this study, 11 can he concluded 1lui1 chromium nucnu.:itc• lite crrcc1 or pylonc hgouon

a.nd mdomcthnc1n induced ulcemuon m n11s, by dccrcasing the mean ulcer M:orc, t,:ll!tnC 

ou1pu1 11c1dJ1y nnd lipid pcro•udauon 11nd obo by ancrc.1,an11 ocu, 1ucs of colllln�c ond 

supcrox1dc d1smuto�c. Chro1111um offcn ccruun degree of pro1ec1ion ogauut gutnc 1n,ury 

induced by p)·lorus ltgn11on and mdomclhncm v13 reduction of 11.:utric o�.idn11vc 1trcss. 

:;_'l CONmllllITlON TO KNO\VLEDCl 

The oml c,posure 10 Chromium Ill nnd Cbromnun VI at IOJ!l'm Jnd IOOppm prol«IS Ilic: 

sloll'l3ch by inbibiling 1be formouon of 1c:11cllvci o�ygcn 1pccic., 
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..... c1o:an M.K .. tlckim H. Tuncc.r """ 
n van �n EA.$1Cffl JourDI\I or �tcd,cmc

endoscopic tupccL• of pcpuc ulcer discoM: 1 
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l s ErA 199 To1ucolog1�.il fnlC\lo" ur Ile I '0'11 cnt chromium. In Suppon of Sumn lnlonruiuon on the lnrcgrotcd Ri�L: 1 � , 
W) 

n ormauon S),lem (IRISI (CAS No 18.S.10·29·
9) 

UcffllllSU ,\ , lsunJg11..1,.110 T KonJoh T nnJ To ,.. , .nn C n1 " .!.l vY ,,n.huoncd n.,our prcfcrc�c 
learning b)" intra�.isu,c 1,1dm1n1s1n11on of L•glulAnllltc 111 ruts r-eurosc1cncc Lena,
.JS 1(.3) 190· 1 'J). 

U=tsu ,\, Tr.urug11.11\\,l T., Uncyam.i H ond Toni K :?010. Bnun.gut commun1Uuon \II.I 

vogus nerve modulates cond111oncd na,nur rrcfrrencc Curopc:DJJ Joum:il 
ofNcurosc1cncc 31(6):1136-1143 

\:�II R.K., Shn\'Mlll•n R and Chatunah UC :!004 Gui macronora 1111d un,c mc:Uls 
Chromium a� n model Indum Joum.il of \lcd1eol Rcsauch 119 .i9.59 

\'&II llccn:lco P.\', Jenkins l R., \\'oods \\' P, R�s1 E. and ume11>n PD 199-l De:3lh by 
t:mrung • a c:i.se of focal ,�,c chromium sulpb.l.1e po1SOn1ng. ln1ciu1•c Care \1cdiclllC

20(2): l4.S-147. 

Vcn1un S and Vcnlun \I :?O()Q Jod1nc ll1 C\Oluuon or .uli,.111)' gl.a.nd5 and m oral 

health Nutnuon ond Hcollh 20(2) I 19-13� 

\'cmwu S., t\ngus11 ,\ nnd J'.IJlnt,,:diru S. 200.J, The \Ji110,id4nl.3 and Pro-,\ntlo-udants

Network. An o�crviC\v. CUJTCJII Phlllffl.lccu1ic.:il Design 10(14)' l67i-D-1 

VIJ.""" G 1 �"·,clopmenl ol n Polluuon·f� G,n Roller fllr
�,-· 1997. ,\ n:lcrred �hon note on = 

Roller G1M1ng ln1lu�lll�, 

•nd hc.,n .. -mlcnt chrvm,wn Jounul of .-\rJ!hcd
VOfl BR. and l1u D 1993, Chrorruum " 

Toiucoloay ll .. ,5,2JO 
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\\all.\ <' I I 0:000 1111,\ Jo NSi\lll Cllla c ul « dlt\'A'K''1 II 11lltt:1 t C 1111 I
011H11,c111rn1ln11y I ii( I) I 17 I $Q 

\\itlb:-c JI .!Olli l\h.•,•h111111n11 t•I pro1i:.11 11 1111.i h ,1111

l'C'"l<�h \II\ J �ti:\I 110 l'IS llS 
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\\1lll'�t\.l1R IQ7r, lhl"1n,l<l.'lhnnol11lk,) Htporu1111I r,, , 1111, IC 1•1/�J 4JJ 
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� and t_)u1nn r• J I 1}99 \11LJm1n 1 1111(I I fll O II ,n Ill rnl ,-·-·· 

R,�11:h \I, (4) \09 '16 

\\c,,; Jiu un II l\l and Scl1!!00hc}1h RA 1099 Olcfm pclymtrrr I 

m um , i.1 -. til) u r"n!.11) , 1 oo > $1 (2) l I� 2l I 

!l+DS It J • Ottcn\\alJa ti and Uoll II ,t IQ 4 Tbc r,a:b! 

t-ls:tlll:liulltl (111) b) i:;lutalh1onr /\n inU1Kclh1b1 rcdm � P 
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Table S: Blood Chromiun1 conccntrntlon nl 12 necks 

'GROLP nCont uCont Chrlll-10 --
Chrlll-lllO Chr\1-10 ChrVl-1011 I �tcw:SEl\.1 0 08-t0.01 O.ORt0.01 0.12±0,0i' 0.12!0.0I. 0.1)1;0 01 02ll0.03" 

• S1gn1fic11n1 nt p 0.05 when comp:in:d ,v1lh the Ulccralcd control (uCon1)

Tahlt 6: EITccl or Chro111lun1 on 111can ulcer scort' In P)'lork 111:allon ulcer model 

CROUP nCoal I uConl Chrl 11-10 Chrlll-100' Chr\ 1-10 Chr\ 1-100 

Mc.utt:SEl\.1 0.00±0.00 4.00.:.0.45 1.63::-0.l-i" 2.75'*-°.l4 l JSJ,Q 25· 2. 75-±0.25

' S1gn.ificMI al p-0.05 "hen compnrcd wilh lhc Ulcantell conuol (uConl) 

Table 7: Effecl or Chromium 00 Gosirlc acid ,-olume In 1>)lorit li;:1111011 ulcer n1otld

Chrlll-10 -Chrlll-100 ChrVl-10 Chr\ 1-100 
CROUP nConl uCon1 

�. � 

�f=i:LS El\.l
. 0.55±00.S 0.80±0.0J 0.4S.10.07 I CJ.SxO 03 

-

J.33:tO 22 0.00±0 00 

• Sigrulic:11n1 01 p O.OS \\ hen comr:ircJ \\ uh I.he Ulccnucd c0ntnll (uCont)
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Table 8: EITccc or Chron1iun1 on Gnscric oucn 1 'd' ,..u net 11l In P) lorlc llitnllon ulcer model

GROUP nCout uCoot Chrlll-10 I Chrlll-100 ChrVl-10 
�!t.1lliS E�I O.OOt:0.00 34.00tl .00 I ::?.O<h 1.00 ::?6.92:.i:2.47 16.00.tl.53 

• S1gn11icont ot P 0.05 "hen co1nparcd ,�uh the Ulccmtcd control (uCont)

Table 9: EO'ccl or Chromium on hp1d pcro:,;1dn11on 1n pyloric hgouon ulcer model 

CROUP nConl 11Co111 Chrlll-10 Chrlll-100 ChrVl-10 

McmlSEM 3.24:i0.13� 11,87±0.0T 8 19i0.08. 8.95 ... 0.28 8 90t-0.29 • 

• S1gn1ficon1 at p=0.05 ,.,.hen c ompnrcd ,vith the Ulccr.itcd contrOI (uCont) 

ChrVl-100 1

26 75±1.46' 

Chr\11-100 

9 72.:<0 17 

Table 10: Effect or Cbromiun1 on Su peroxide Ol<n1ulD.SC (SOD) oc.1h·lt) In P) Jorie

lipcion ulcer modcl

Cbrlll-100 Cbr\ 1-10 Chr\'l-100 
CROUP Chrlll-10 nConc uCont 

9911:210· 1p6.T'J0.8rr· 95,02.LO ·16 • 
!):?.I Si0,80• I 15.3.S.t I.JS,, �ltaot.S E.\ I 

l 
124.58±1.01 

• th the Ulc:c.rotcd contr0I (uCont)
Stgnilicont nt JF0.05 "hen comp:lred "'1 

c non-ulccn11cd C1ontr0I (nConl)
• Stgrulicant 01 p-0.05 when compared l''lth th 
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Table 11: Elf eel of chrotruwn on cn•�1as "' C ilCU\'11• tn p I · ) ' Y one 1go1100 ulcer model 

' 
GROUl' nCont uCont Cbrlll-10 Chrlll-100 Chr\'l-10 

I 
\ie:llli ISOS.01± 930.74 t: 11739S± 102 I 25± 1089.10± 

- SE.\I 20.22 9.28" 10.92
°1 13 68

°
' 7.20 ••

• Significnnl nt p=O.OS \Yhcn co1nparcd \\Ith 1hc Ulccmtcd con1rol (uConl}

# S1gruficnnl 01 p 0.05 \Yhcn compiUCd wnh lhc non-ulccnu,:d control (nCont} 

Chr\'1·100 

974.42* 
6.8:?''

Tmbk 13: !!!Tc-cl of Chromium on 1',,lc�n ulcer score 111 lndomcth.lcin 1ndu,cd ulcer model

IG�OUP nCont uCont Chrlll-10 Chrlll-100 ChrVt-10 Chr\'l-100 

-\lcan±SE!\1 0.00.t-0.00 12. 6()..1;(). ,U! 10.25±0.48 10.78±0.IS 11.38±0 47 12 U>�-O.S6 

• S1gniCicanl ol p o.05 \Yhcn compared \,ilh the Ulccmtcd control (11Con1)

Table 14: Effect or Chro,nlum 00 Lipid pcrotid.atlon In l11domctb11cln ulcer model

Cbrlll·l00 Chr\'1-10 
GROUP nCont 11Con1 Cbrlll·IO 

. S.29t0. t 1 . s.ss«i.o.s ·•

4.8�-0l 
l ?.tU11:t5£.\,I 3.11±0.09 6.J-I..L0.06

1

• . c Ulceflltcd conuol (uCont)

Sign11iCAJ11 ot pw().05 when compared "1th th 

n u)ccraicd cooi.rol (oConl)

• Sigmfic:in1 111 p=0.05 when com� ",lb !he no · 

Jl0 

Chr\1-100 

. -5.96&.0). 
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fable IS: Erfcct or Chro111ium on Supc ·d d' , rox, c 1smu1n.sc (SOD) nr1lvily In lndomccbacln

Induced ulcer model

ICROUP 11Cont uCont Chrlll-10 Chrl 11-1 00 Chr\'l-10 Chr\'l-100 I 

\IC,'IJU. 124 46± 108.58: 115.69: 111 46: 123.15 .. 

se.r-1 0.59. 0.49. I 10·• 0.11·· 
• 

0.09 

• S1gn1ficnn1 nl p<:0.05 \Vhcn con1r:ircd ,v11h the Ukcnucd control group

II Signilicnnl 111 p<0.05 \Vhcn compMcd w1lh lhc non-ulccrotcd contrOI grou 

Table 16: Effect of Chromluni on eillnlnic ntlh II) In lndomcllu1cln Induced ulcer

modrl 

- CbrUl-100 Chr\'l-10 ChrVl-100 

CROUI' nC001 uCont Chrln-10 

125-1.�.t 1246 9:?J:: 
1160.56: 1126.31* 

'1cm: 1497,52± 1094.31� 
•• 5 ,91·· 

•s.22·• 11.71°' 

SEl\1 14.02
° 

8.28' 21.87 

the UlcCJ'31cd contr<>I (ua>n1)
• Significnnl at p<0.05 when comp:ued \\ llh

. the non,ulCCllllcd control group (nConl)

11S1gnific11n1111 p<0.05 \\·bcn compared wtlh
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