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ABSTRACT

.. .~.. '

- /

When 1t was i.!!cub·ated with herri'ng gul1
4

'or humlln-_._--.,
· er.ythrocytes Pru~hoe Bay crude 011 (P8CO) '!'as found to

induce metheraoglobi.n formation, hellO lysis lind glutathione

· d.~P 1et i on:'l - In ·.the· presenc'e . of II. lIIe~;lIb'o 1~~ct hat 1on.' ~ys'tell .~
such as rat liver microsom~s plus HAOPH, (tFiese' ·effect's-.were· .

gr~lIt'y en·h/l~c.ed: •.... :' '.. - "-~!

CO'mponents of crude ,oil such as' nllP'hthlllene dnd methyl- . -,..

IIted nIlPhthal~nes. induced methem.Q.~n formlltion::.1..!l ~

in ery'throcytes only IIhen liver microsomes lind NADPH were

pr'esent in th~' incublltion lIIedi u·". However, nllphthalene

· nietabolites~~c~ __ 1S l,t- ~~d ·l~,"~-nap~_\n:fq~inone. l'~-rll'nd

l,4-dihydr~xynaphthlll'ene lind i-naphthol requt.red no' meta- /

b.Ol1C acth'.lIt1en to produce tOll.1c .effects. In these studies

nll~htha'ene w.as used ~S.II 1II0del to invest'igate th,e lIIechlln1u

:Of P~CO tOll.ic1ty 1~ erythroc.ytes.

'The llliphatic. 1I:01llIlttc. llrid_ heterocyclic frllctions of

~rudh~e B.IlY crude oil were ~~sted on .the ~~velopfng chick

embryo for tolt1ci.~y .(1~.ter·ms of mortlll1ty) 'IInd 1nfluence on

cytochrome P-4,~.lInd aryl .hydroc~rbon hydroxylase induction.

; ~nduct10n' of these enzymes by the fractions of cructe 011 W/I'

I",. ·studi.ed in the .liver. k1dn-ey, /In.d lun.9: 'The' upmlltic. fraction

WII'S found to be ~esponslble fOr'. mo~t of the elllbry~ to"XjCit!

lind en'~yme induc1n~ .ab111ty, .based on tt's coneentr'at1on .1n '~f

'~,
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PBCO. AH~~ugh fhe hete~o~y~.11c f,.act1on~ was re~sAth~an 71:

(w/v) of PBeO'. on II ·we1gh,t equ1~ahdt basis. 1t was app,,"ox1- \.

mately. as ,Potent ·as .the arolllatic f.r.actton in causing embryo

t'OXfC)'Y_. and .inducing 1ncreas~s .tn levels of CYto_chr'ome p.

450 ,lind aryl hydronrb'on hydroxyl lase._" The II'Jphatfc

fr~cJtfon.hlld no toxtc or", 1nduc£1v~ ef)'ect~ .. These. results·
, ' ', .. #

SU.~1ges. t. ~.h)l'~ embr.yo -iOX'~.C..1.ty ':'l'ay. brU~' to- ~he metllbol1 sm o'f'

ar/omatie compoun,ds :0 rrJ,?re tox", de~J.va.t.1.ves by aryl ./'

.hYdrocarbon hydroxyl ase: \
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FIGURE 3.1:'4 The effect ord~s"e of",blo\ll'~llt crude and diesel
oil on chick;embry6 'morrality on d.ay 7 appHc'a-'
tio-tl -

- . .. .
FIGURE 3.15 The effeet of appliel.tfo;n of Sitver drf.lling .

.fluids on cl\ick. embryo mortal~ty •

FIGURE 3.16' Inaucibllity or:tiifck embryo hepa'tlc levels' of
. 7-ethoxyresorufin O-deethylas'e' a.. nd'"\

benzo[a]pyrene h,ydroxylase- by' dri,ll1n9 fluids,
blowout crude and diesel fue'l - ..

FIGURE 3.'17 The'· e'ffect of' b-enzene 'llnd' 'its .~'eta.-bO;1teS
chick embryo mortrl i ty

FIGURE A.l GC .. 'mas's spectrum of ,the aliphatH-.f.rllc,tipn of
PBCO . ~

FIGURE A.2 GC~mitSs spectrum of thJ:'ar'oma't1c Ira"ction of
\ '" PBCO

fIG~RE A.3 .GC-mass.. spectrum of the NOS fraction of pa'co

• x1.1

(
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LIST OF ABBREVIATIONS

..
AHH

BPH

.DMSO

EROD

OSH

GSSG

aryl hydrocarbon hydroxy1lase

benzo[a]pyrene hy.droxylase

'dimethyl s~1foxide

7-,.ethoxyr esor~_f·i n-O-deethy~ase

gluta.th1.,one (re~uc~d)'

glut ath~ one'. (OX1,d,1'zed)

Hb" hemoglo~)n

Hb02 oxy.gen'ated hemoglobin

-rill1."'O",,""'--'- nicotinam"1de adenfpe dinucleotide phosphate
(ox1dize~)

'.
tiADPH n1cot1nam·1de adenine dlnuC:leotfd~ phosphate

(reduced)

NHR nuclear magnetic resonance

NOS nitrogen,' exy,gen. Sl:llfur"

P450 cyto.chrome P-450

PAH' polycyc"11c aromatic hy'drocarbon

PBCD Prudhoe Bay crud'e oil ....

PBS phosphate buffered saltne

,PCY packed ten volume

'RBC' 'red blood cell

J-

- xlii ,-
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CHAPTER

J NTRODUCT IO'ft

1.'1 PlI!!:troleu.

1.1.1" The"effect of 011 on, birds" .

. 1.1.1.1 htroduct1on
\

'~ Th.e dtath of ha birds .fr'O. "!I'll pollutt'on" r·e~he~. a

l-at of publicity. In atldltion, beca.use o~ its .,.!_~.y.f

impact; a1ling produces an ellotioul reaction stronger tt't'll

does d~at·h. ~hr'ough other pollutants. .!~\ause of this, much

research ,has been performed on the impact of 011.on .1..nd1­

vidual birds. populal.1ons and ecosystems (Vermeer and.... "" ,
Vermeer, 1975': Bourne, 1976; HalIDes and Crenshaw, 1977).. . ;..

The '(ollowing Is a brief sumlllary of sOlie of the efhcts of

oil on lndhldual birds.

.~

1.1.1.2 Bfl;lche.1clll llnd physiological effects

...Th.e direct effe\l of oil. on 1 .blrd 15 to ~1 srupt the

fe~thers. which Ire respa.nslble for·u1n.ta1n1ng lla't-e.r­

repel'hnce and heat 1n~ulat1on (·Ho1mes and Cronsha'll,.1.9.77j,

T"he 10'$5 of th1s-1nsulat.1on increas~s metabolic a~t1vlty to

ma1n~ajn body telllPerat~r~ (H';;.t.ung, 1~.6J1. H~rtallty· can
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result from rapid exhaustion Of" flit an!! museul ar en~rgy

Birds can also,lngest oil by preerling the'lr oil.-e'd

feathers (Hartung, ~,~63l. or 'by eating eontllllinated food.

Ma~y P'hY,slQlog'lea,l ehang'es'hav~ been reported in stud.1e.~

1nvohiflg lngested 011,:" O.s',mo,reg.Ulator and horinonfi! ehan'ges

~~ve ~e:en found (H~'lmes, i97~,; ~akal1'et a,1." 1981f., .a1s~'

1mpali'Ten-t 0,1 ~eI9h~,ga'.1.n 'of .Y.ouhg. birds. (Miller e,t ·al.,"

1!178l,J:f\dllction, of, f,epa'~~c enzy,!,e~ (Gorsline e'i a:1'., 19B,1),

an'd'oth~r P~thol09ica-l ~ffeet'~ (Holmes. et a1., ~978). The

egg laying 'frequency a~d, hat,~h1n9 succes'S o~ eggs iHe known

to ~e impa1re9 by 'rehpvely smal,l amounts of tngested oil'

(A1nle'y 'et a1., '1981-). 'Small qu~nt1tfes. ~f o11,or oil

produet~. when applied, to .:he'SIHf~e~ 'of ll:99~, ~~~ kn~wn to

ki 11 th~ embryo ,at ~ert~i~ 'stages Of development ln the

laboratory (see IntrodllctiC?n '4.1) and' fn the field (Birkhead

et a1.. 1973).

".- .,~

The composition ofpetrol'eum '~ru,de all ha,s been

discusse.d In great detail by T1ssot"a~d Welt (l984) and Hunt

(1979). and all ln~'Orm~'i-~n given In t~'ls section Is' bUed

the~ two sources unle,ss stated otherwls'e.
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The che~lcal' COliPosHlon. of' crude 011 froll different

regions l~d nen "fr.o.~ iii particular' f!?',lllltion varies exten­

s·hely. Hydrocarbons are the 1Il0st'lbundint cOMpJlunds tn

crude olls. accountfng for 50-981 of the 'total c~mpos1tlon

(Clark and Brown ••,!..??]). M~st.cr~de oils contain the higher

relative ~ll'Iounts of hydrocarbons. ,The elellental composition

(On51'.5t5 lIlos.tly of. carbo~ (80·Ql~) and hydrogen (lO-15I).,

Sulfur .....(O-lDll. nitrogen" (O.U") and oxyg'en (0-5%) a're

f.mpo~tan·i: m1.nor ~1ements -~n.d ar~"present u ~lementa.l SU,lf,ur

or as het~rocyc11c constituents and (unc~1onal groups. The. '. \'.' . .' .
• NOS cOll1pounds are cbmpounds which c~onta1n the elements N. 0

and S •. Trace lIetals such as V. Hi, Fe, Al. Na.-·C,. Cu and U

also exht in crude on.

'Wle 1.1 presents examples of the cOllposftlon of three

crude o11s (National Research CounCil, 1985). A discussion

~f t~f!' composition of. crude 'o11s _.111 I1'Ot be prrsented' . /.

because they cantlin t~ousands of diff"trent'. c ellic.l

cOllpounds <Sue. ~o ..·.oUcu1a.·~ scrambling"
. -However, it h 1lAportant to' note that. 0.' .the ~h·r e crude

ol1s pr~·sf!n.teci 1'n table i.l. PBc;,.o has .the highest aromatic -.
conten.t.' N,aphthalene:tlu .'chosen as a ·model to tudy the:

biochem1cal responses of red. blood cells when exposed to

PBCO because naphthalene and its derivatives J,c;.opr1se

10% of the composition of PBCO (see table Ll).

. \

.; .; .~... ' ,.
/

•I

about

...
,.
,~

..,
.',

.• ' •• ,<' •• • ;;:'..,'j.-"
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The compos~ltion of three crude o11s

- I.~ Crude Oil
Prudhoe . south I

Ba¥ loui s i ana Kuwai t

,.}\

Sulfur (",t S) .O~94 0.25 2.44
NU"rogen (w1 %, 0.23 0.69 0.-14
"Nickel (pplI) , lO 2.2 7.7
Vanadium. (ppm) • 20 1.9 28 ....
Naphtha fract f on (1ft %J ,23.2 18.6 22.7

Paraff1 ns 12',5 8.8 It~ /..Napht'henes 7.' • 7.7
Aromrt1.ts 3.2 2.1 2.4:
. ·Benzenes 0.3 0.2 0.1

To1uene- 0.6 D•• 0".4
C-8 aromatics 0.5 0.7 0'.8
C9 aromatics 0,06 0.5. 0.6
ClO .romat·1cs 0;2

g:t~·C'l1_aro'maf1cs 0.1
Indans 0.1

High-boil h"g frac.ticn (,t %) 76.8 81.4' 77.3
Satur4tes 14.4 56.3 34 ..0.

n-paraffins 5.8 5.2 4"-.7 ..
ell 0.12 '0.06 0.12
'12 0.25 0 ..24 0.28
'13 0.42 0.41 0.38

'I' 0.50 0.56 0.44
'15 0',44 0.54 0.43
'16 0.50 0.58 0.45
'17 0.51 O.5~ 0.41
'18 0.47 0.'0 0.35
'19 0.43 0;)'8 0.33
'20 0.37 0.28_ .g:.~~ ~

,~
'n 0.32 0.20
'22 0.24 0.15 .0.17

"23
~

0.21 0.16 0.15
'2. 0.20 0.13 0.12
'25 0.17 0·.12 0.10
'26 0.15 0.09 0.09·
'27 0.10 0.06

~~:, '28 0.09 0.05
'29 0.08 0.05 0.05
'30 ·0;08 0.0' 0.07
e3l 0.08 0-.04 0.06
en plus 0.07 . 0 , 0.06

I soper afflns 1'.0 13.2
l-r1 n9 eye 1oparaff1~S 9.9 12.' 6.2
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,TABLE 1.1 (continued)

Component:

\

Prudhoe
lay

Crude 011 '
~- south
loq1s1ana KUlIalt

'.-

2-r109 cycloparafflns
J-ring cyclGparafflll's
4-ring c.ycloparafffns
5-r i og· eye loparafflns

, 6-r 109 eye lopar'afflns
Aroll1atics (wt Sj- .

Benzenes
Indans and tetra:l1ns
Din ap htheno benze n e's

~I~':_~~~~~~~~ :("_.. ~
Ptlenantllrenes.
Acenaphth"al en4!S
pyrenes ..
Chrysenes ".
Bell2othlophenes·
D1b.enzothlophene,s
Indanoth"lophenes

Polar materf a 1's (wt II
Insolubles

25.0
7.0

9.9

3.1

1.5

1.7
1.'3

2.9
1.2

9.4
6:8
·'.B
3.2
1.1

16.5
3.'
1.4

. 2.9.
. 1.3.....

1.4
0.'
Z',8

O.S
0.4

"8.4
0.2

4.5
3:3
1.8
D••

21.9
4.8
2.1
2.0'
0.7­
0.9
0.3
1.5

0.1
5.4~__
3.3
0.6

17.,
3.5

NOTE: 'These anlilyses represent values for one -typic! 1 crude
011 from each of the geographical regions; ,variations in
compos; tho can be expected for o11s produced (rom di fferent
forllat1ons or fields with.in each, region 1Hational Renarch
CouncJ 1, 1985), -
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----.... 1.2 Naphthalene .~'ta.bolis.
/"

Pat""ways of naphthalene metabolism have b.ee'n'

extensively studied in vivo .and i.n vitro. A general, --.- --.--
. m~tabo1ic p_lthway rs. p~esented in figure 1.1. ~r;-inl et al.

- (1~70) .provided direct-. evidence for the formation o.f 1.2­

naphthalene ~xide as ...~the Q.b119~t"~~Y intermediate;" ill tile

form,ltton of a1~~ 'naphtha,1~ne ,m!labolHes. ~1though

t'he ~"Z":nIP'htha!e!l~ ~xide h'as ,not be~n det~cted.. fn .l"-ivo;

ev1dence for. i-is f~rmat~c~ ha~_~~e.n d.emo,nstrated i,n rats' by

usfng precursor-product relations.hiPs ~Hornfn9 .et a1 .•

1980). :heAenzyme resp'onSi~I'e for ~he abov~ conver'sio.n is a

_....E.¥.toc.hrome. P-4.50.,dependent monoxygenase. Once thh-~high1y

I
I

reactfve i~,termedia"te h formed. H can react'with reduced

gh.tathione t~ forlll, the conjugate 'S;(1.2-d1hydro-2-hydroxy.

l..;naphthyl) glutathione: 1,.2-Naphtha1ene oxfde can.also be

convef'"t"ed, by microsomal ,ep.oxi de hydrola,se ·to tranS-I,2­

d1.hY~·fb~1,2-dfhYdr~XynaPht·haleneor It can rea;rrange'

nonenzymatfc:iI: 11y to" I-naphtho i and' ·Z-naphthol by the NIH~

shift. Exp:eriments by Jer··1na et a1 (l97~1Ji1l"ilS"tr'ated that

.r:earrahgement ·~'f n'aphthalene oxide to l.nap~th~ is predoml­

n.ant'over f~rmation' of 2-naphthol (88-98% ~ersus 2-12%

r'espectf '(,ely)_
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IAlthough the primary m:t,bol1sm of._.fIaphthalene involves

, the formation of tr,llns~1,2-di'hydr'b-l.2-dihydrOxynaPhthalene,

I-na.phthol, and the 91ut~tJ1'o~e conjugate of Iiap~thalene, '

secondary'metabol 1 5111 ~ the first two compounds i"S

respons1ble fo,:, prOduc-~ toxic metab'olites. Na.p'ht.halene

dihYdrOd1o'i 1s converted to I .. 2-d1hydroxynaphlhalene via

'o~1dat"ion by the cytoSO!fC enzyme dihydrodiol denydr9gen~ase

I (B111fngs, 198~), T~iS enzy~e.·'is present 1n,l,iver h~mo-'

I genates and.has, be,en purified to' apparent homog'eneity b,Y.

I Vogel et al (1980). 8111i~gs (l~8S) re·~or.te'd that",thlS may,

·f be the majorrout'e to ~2 dlhydroxynaphthalene. Autox·i.-

dation 'of 1,2-d1hydrC?~ynaphthalene to 1.2-naphthoquinone. 1.s

qu1te rap1~ at ph.ysl01ogical pH, and has bi!'Fn demo~strated

.by Van Heyn1ngen and r..1t1~ (1967).

I-Naphthol. another'major pr.oduct of nap·hl.halene

metabd'lism ltan be furth;r metabolized to l,2-naphthoquinone

and r~4:;.naph-thoqulnone (Doherty and Cohen, 1984) by micro-.

,;S...Q.m.a-l· systems or. hepatGcYtes.' 'It 1~':Jelleved (Doherty~and

Cohen, 1984) the ,qui nones were fo.rifled by'the autoxidat,ton- 2f"
I. ~.- d1hYdrOX~n aph t hal e n e 1d 1,4- d i hYd.r,ox yna p)tha·l' e~e

pr.()duce~. by the Cytochrome. P:.,SO dependent ~.YdroxY1at1on of

l~nap,hthol in 'the 2 or 4 positIon.

AltnoUgh'two pathways by Wh'iCh,<ttdnones can be gener.

ated vi.a. na~.hthalen~ me.taboliultfa-s been d1scuss·ed'. n must

be pointed :out that over 30 met~bo'l1te; have been' detected, ....----..
f.,_
V

,.
r:
!~' ---



" ;'

I

"'l

'. 0

in rats. ".orn1ng et ,11 (1980) demonstrated a:~d1t·1oDal

ep,ol}des IAchd1ng d1hydro"d101 epolldes, diepox1des,

varl'ou6ly substituted di-, tri-, and tetrl-hydroxynaphtha­

lenes and O..metllyl~a~ho1s. Along with the other·.~tab~-

. 11t~, glucuronide an~1fat~ conjugates of hYdrOlYl~ted

n~pllthllene$ have been dell;';strated in h01M-Jd' hep~t0C1.tes

. and.. ln lhel" lllICI"03-e,s, (In the pres,ence of" ul"ldine-S'­

d i PhOSPhO-S- D~gluc ur n.1 c add (UDPGA) and N.a~ylg1ucos.·

amine)-. (Bock et al. 1976).
, , ,,\

1.3 ".,.an er~yte to"';100'

1.:3,1 hthophlSl0109Y,

, I
Er:-ythrocytes are susceptible to ·perol.ldatlon. Ine

outer plasma· .-e_brane is rich in polyunsaturated fatly.- .
acids. The ·ce·"s are .continu-ous.lY exposed to high Olnen

t~nslons, anci contain hemoglobin,tlIbne of the lllost pO\llerful

catalys'ts for the' inltiatlon of perolldatlve reactions.'. ., . ....
~em09l,obln can· undergo autoxidat1"on ln the presenct! of

'oxygen with the resultant generatlon of su'perol1de rad,..<l",,,!.!.'s,,, _

The mechanism as di sc~se~ by Carrell ~t 'a 1 (1975) involves

the polarization of' ~n e1ectl"on fl"om the heme iron to th~

bound ollygen. in DXyhemoglobln (Flgure 1.2), .N~l"lllally th.ls

shared electron is· returned· to ttre Iron when olygen 15

. '. ~~

' . .,;':. -".' ;~. ~ ...,
, " ...... ' .;- •..•.. ~-;..:r.:: :.~ ...:

\\
.~,?

'. ~ .~-i.&7
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released from hemoil;~tffn, a~d 'the iron retaLns Its

(

(Fe 2+) ,state. The presente of l1ispl~c1n9 anion's in the heme

pocket, however. can. interferl;l"Wi:h
l

th1~ process: '. Although

the helle pocket .1s hYdroph~biCI random rluctua~.ion"S tn the.

surrounding globin 11l4Y. allo'w ,the entry 'of water from time to

tlme. The entry (If water or otlier small anl~ns will result
, .

·1n .t~e ch,!splace'ment of oxygen with a~ eJltra ....electr.on. ie.

sup-eroxide. In "the pro~ess, the :h@me iron l,oses an elee:-
" 1. .'_

tron'. ,res!J"lt1ng in !he formation I,of, ferric (Fe3+) .meth,emD-

910bi~. This '~~oce;s is b'ell'eved (Carrell et ~,_, 1975J ,to,

explain.. the observation that 31 of the total bbd1lle~b.91obJll

,1s' convert.ed to metllemoglob1n each day. His methemoglobin
. . .

is' rap.id'ly reduced by methemoglo,bin reductase which" is·

ljnk~d, through its requIrement for· 'NADH, to the glycolyt1c
~ . . . • !Ill

pathw,ay·. Glycolysis is t,he major-,pathway (or NAO· re~».ction'

to' NAQH in the hu~an erythr~cyte., Oxidant d:rugs /re also

'I:nown to produ e methemoglobin.' O~1dant drug.s are cl~ssi·

fied ,as ch~m~f:" h which' ca; OX1~.he hell1o.gl~b,~ ~

an~(or.l in vit~ (B,unn and tOrget~ 1986). Chemical s' such a.s
, '. &. ,J!" _ . '
ferricy'll,nide and hydrogen per'oxide can ox1.dize·ferrous

hemo'globin'dfr'ectly becau~e of their 'higher r~dox, pot'ential.,

tn, contrast; ot.her' agents such as nitrites and aryl hydroxy­

la~1nes:can pro'duce metfjem'oglobin 1ndir.~ct·ly by reducing

'oxygen. to super·oxide. and hydrogen peroxide.
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. OX1dl1U/e ~!,age. to erYthr:~C.ytts has. b.een 't~.d1~~

• 1l0Stly W~~.h .respec~.to~ ttell~glO" d~n.t~rat1on an~ .1I~m~r·~ne

. _. destru~.tlo~. O.1d.tl~e ~.m~ge to hemoglobil! has .~een sho"!n

· to' c'l.!Se ch,nges in he,1'I9910.b1n st'ructure '.~nd. funC.U,~n.

I ~ !'hese.Eh.nges· qn. res'ult fn tiemog1ob.1.n den.tur.t1<Hl and

pr~CfP1t,attO{_ 1n r'ed"c,e:.ns 'S·~·H.~.1n~"~o"d_1ei. B'as~d~on
· s,tu~.les~ (In '11t'ro) ~he 'pro'pose,d meth~n1sm of' He1n~ bO~Y

formJt'1on .1.nooc~d· b'y .6X·1·dat1,ve.. stres's ca.~.. h'e' r';p:esenhd' ~s

'(0,1 lows.

StUd~es :d.!!...!ur!!)WHh· p,h~ny~..hY.d..:':-aztfte .;jj, dapsone h.,'ii(

.... ~_heJp_ed::-.t.ol clar.1fy .the· m'ecb'an1sm for H1!lnz ,bod'y for.mat1oi! by:

.~i1daq~e. ,1n.s'ult;. "c~ti~~. and H'~~h~t,e1n (l9-~4l ·d.em.cinstr:.·~eli :

·~.~at: H20~' is' _ge.ne·r.a~ed .when t'he·o.~dant .~r~g_l~~era.ct~ ...j.~~.'

· .he.oglob{n •. Th":T~.ci.on o~ H202 with .h.~.iogl0.b~n·.le~d·s ·t·a.
. ~1..

.~, ... ,.~.' ..1.

. (

;.

-~"
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th,e forl\ft,tion of meth'emoglopin a.:nf concomftent production ,Of'

t:e s~pero(tide r.adlc.:.~l (We'~vet et al., i973.~. ~?:.,~~er.QIt1de.

-:-ad"ica.1,;t.hat" i S ,_gen~rated ~'an be br'o.~~~, down .~1i1 ~l!lutated) t,o

form 92 and hydr~ pero)/1de by .the ,action, ~f 5u pe.roxlde

~ d'1sm~tas"e. Some:dru.9S ,(e,g. Ph.enYihydrazine.• ~i'alur1c' aci'd)

afe',c;,pab~e of formin9 fre~' radi'caH that· can';O:It1.d1l~ ,GSH.

1nte."m'ed·iate'·

'.

. .

a1.,.1974.)., T~is ob5e.rv.a~1on may'exp1l(1n the'.formatton of

Heinz bo..d1es tRacllir!11 ew,1tz et al.. 1974). Althou~h H'elnz

b~d::~~~' .ar~. f,~~~ed ~1 th.1 il; ,th~' rei;l' c.ell .. they may ~oa'l esce a.nd

'mfg'rllte tO~llrds th'e ,mem~r4ne: -where they bec:ome' llttache~.
. ,. "

'I _ The rel~ons'~.1p ,between h,emolys.fs ',.< In vivo) ~nd Heinz

bOd,1.es 1,5 th~t,the h,t.~~.'may reduce the ireformib1.11tY,!,f

the ..c~.n. le"a'd1ng to -early ~,~t1',~~oe.ndo.thel1'al- e.ntr.apment in
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the' spleen (R1fk1nd·. 1965')'> or ll!,cre~se~ ilIembrane p'erilea­

bi1ity ;esu1t1ng in 0;1ll0~1c'.dallla~e· (Jacob et al.,·i968).

It·...ts well ~~own ,'that.the lipids c,pmpr~s1ng t'he red

cell .~1asm'~ 1lI17'!lbr:-ane are very suscept1.ble. to d.1rect attack

• by oX1dants .. Ja~bb an.d Lux (1968·)·.Dbs·~rved that. phosp~ati-.

dylet·h.lno1.amine (PE) 1A.Jost be.fore lys1.s~ This' .1s not'

surpris1ng c:on·s1de~.1ng th·a.t. PE 'cont:a1ns a h19h.concent~at1o·n

'of po'~yun~lt'urlted\fatt~I.e·ids, which 'are Hable to i~.to.x1-'

dation. '~ep'let1~n' ·of .PE . in, t~~ .r:ed.~; 11 ... E!IIbranes··.·~t:te!'

peroxidation 'may resu'·1t frolll fatty acid destru~tion'::-It was

suggest~d by Jacob :a'nd Lux. ('1968) 'that inJured C;'llS had

ho'e's in the membran~_o" apprOX1l\lately-'7~~, rbsuJting ~n
hemo.l,yst.s, It has 'also.been demonstrated that 'lipid"

.p.ero·J(1daton was foll.,pwed by 'increased membr~ne rig1tH"t'Y

(Dobretso\l et a1., 1977).

"Pro.te1~s loc'ated in or on the .red cell membrane are'

l- also targets for ;rf!e radical attack.' In part'1'cular. the

lIe~b.. ane structur-al protein; .sp~ctrln .is SuSC~p.~14bJe be.~ause

it has-exposed S·41fhydryTs. It.was demonstrated by Haes't e~

a1 11.977,> that in 1nta.ct human'erythrocytes, ~H-oxid1zin9

agents, cross-l1nke'd spectrin via cd1~u1f1de b·on·~s.

~.'
.;;-..

'~'"

~'~~,.~,{(.;~.:.:<;-;{~.;..:;; \;. ":.f ;~.
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1.3.2 .Protective systells Igilinst perollidlti~n

The following di.scuss1on has .been outlined in figure

, 1.3.

1.3.2.1 ~uperox1de 'dtsllutase SuperoxidE: dlsmutase (SOD)

1s .the f1i'st 'line o( defense aga1n.st the superoxfde ra~iCl'l.'

~OO .ca~alyses the. disproportion ~r:dfSl'autat1C?n of supir(ollide

. ,"by the foll~"1ng eq J"at1on .• :

It has been prop'osed by' 'lynch et al (1977) that a

major funct10n of this 'enzyme in the red cell h to p~event

the"'Yormllt1on of methemo9,lob1n. The greate's; danger of o~·~
in the red cell 15 probably its ability.to form hydr,oxyl

rad1cal~ ,(ThOmas et a1.. '1978) which can attack the red, tell

membrane: and cause hemolysis',"

---., 1.3.2.2 GlUt .• thhne, peroxidase Glutathione Pe,rollidase

\. (GSH-PX) cata.lyse·s the breakdown of organic hydroperoxfd;S

')..ROOH) a~d hydrQgen peroxid'l; by the foll,ow1ng equatIon

. '~~Ule and'O"Brien,_ .1968).

,.
ROOH· + 2GSH 'GSH':PX) GSSH + ROH + H20

'!" .

. ~.

,..;.-

'. ~
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The catalytic site of human Hythrocyte GSH-P~. (Perona

,., et 11 •• 1978) ts st.11ar to rat lh'l!r G5H-Pl in that it

contains s~lenocysietne (Forstrom et 41., 1978). Ih1s

enzyme can protect H~b02 Irolll oxidatfve da_age d-~e to

. b~eakd~.,n of "202 and R02~"· .

Th~. lctfon o.t GSH-PX 'on tYdrO~~erolltdes isdepen.dent on

th~ le~el of GSH, which is m~1nt'a1ned by de noyo synthesis.

of GSH and NAOPH c'oove'rsion of GSSG· to GSH"by glutathione
~. .

reductase. In the 'red.cell, the only way to.reduce "HADP+ is

by ox1dat.1on of glucose via the hexose monophosphate shunt.

1.3.2.3 ClItihse - The only known function ft'thts enzyme

is the rem.?val of ~202 fro,.- the cell "" the f~11~wln9

reaction.

2H202 catalase> 2H20 + 02

C,"las. has· ,. low ,(f'.nit, f~2~2 (co::, and· H.-chst,ln.

1'963). At" high glut.ath1on"e and r"eht1vely low peroxide

. ~oncentrat·i.on. gluUt'h1one .pe~~.J.tdase .decomposes "202 faster

than catal ase. B",t I,t high Hj!0Z concentration, catalase

':emove~ .H20Z at a fa~te~ rat·~. Catalase has a much higher

Km for"H?Ot~than GSH-peroxldase (Nicholls, 1972).· There­

fore.lboth catalase.and GSH-PX playa ro·le· 1," protection 'of

the red cell against "202.

Catalp.se is " cOlljugated proteirl with protohemlttn' IS

'Hs prosthetic group. Ho·... ever. caUlase dlffers fr"om all
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Ienown hell;tin derivatives in that it cannot ,be reduced flien

by such powerfu1 reducing agents as sodiu. hyposulphite ,

(NaZSZ04)' The brealtdQwn of hydT~gen peroxl de occur.s ~J1en

the 'iron 1s 1;' the ferric form. Sodium ~z1de was used as ',an

.fnhf.~ft.or of catalase because it forms an az1de~cata1ase'

complex. ',The ferric lro," of th1s .cample"x can be r~duced t:ei

:-th~ f.e-rraus f'o",. .. by HZ02. ,rendering ttle catalase inacthe..­

(Kel11-n lind Hartr:ee, 1945).

'1.3.2.4. Vft~.tn E .-" The major role of Vitallfn·£ in human
.' .

.red -cells is ~rob'ably as II biological antfOlCidal1t protecting

red ce.l'" metnbrane:s fr.oll ~erox1 dat 1ve dllmag~.

a.skf and Ba"rness (1967) demonstrated a r,elat'1ons.t!pi)·

between vitamin E def1cfe·ncy and 'hemolytic anemia in

premature 1-nf.ants. Further -s;ud1e's~~g;OU~ indicated

that pre~atur~infants'whose d1et :is supplemented with, .
vitamin E had significantly higher helll?910b"n. concentra-

, t1ons. lower erythrocyt@ hydrogen perox1de-hemolY~1s values

and lower reticulocyte counts than a corresponding group of,

non.vittl!!in £-s.upplelDented infa,nts.

The mechlu!1sm of action of vi,tuin E (OC-Tocopherol)

l!lv,olv~$ ~~nat1on of its hydroxyl hydrogen at.om to peroxy

free"r'di~a1S:-resu1ting',11'1 ,the format.'on of hydroperoxldes.

These h!,drO'peroXid~~~cln be'de?ollposed to, the 'c,orrespon4A'ng

'non-.tox t.e ~r..dro,x,Y COIIP,ound's :by 9 1ut.~ one perox 1d a s e.

I,""

" ~

.,
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Thfl'"e 1s evidenCe by Packer et .1 (1979) that the resulting

vitl1l1n E rad1c,Llhen ~eacts lifth ascorbic acid (vita.1n .C)

to regene.rate vit ••1n.E. The vHuin t radical is in turn

enzymatically reduced bjlck to vitamin C by NADH-dependent

systell~. One quest10n which relu~ns to be answered,

...however~ 1s how does the membra"ne bound vitamin E interact

wlth VHafll1n .C which 1'5 loca"ted in the cytos~l.

(;
-1.3.2.5 Glutathione - Alth"ou'gll ..t~iS "is the last protective

system to ·be· discussed, it is eJillreme,ly 1!!Ortant 1n

cel,1ular pr,ptect1on.,
gluta1llic acid, cysteine,

structure. '

Glutathione 1s a tr1pep~lde of

and glycine with the fo)lowtng

A-'-"
: NH2

HOOC-!H-CH2 - CH 2-(0-HH

'". : HS-CH2!H-CO~NH.CH2-cociH
~ -91utallylcyste1nylg1yc1ne~

..-'

It 1s readtly oxtdtzed by a vartety of substances to give' i

dtSu1fide.W.1t~ .molecula.!" oxygen, iodine, Fe(C"N)63-,H202 or

organoperoll1des 1t forms~the"d1mer GSSG.· Reactions wHh

other th1'ol compounds give rise ~o milled disulf1des. The

reaction w1th molecular ollygen is slow in the':absence of
I ,,- .............

metal 1'ons but great!y accelerated by ~"e presence of copper

or 1ron~

a_ ,._.
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