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A11STRAO'r 

The po11ible role or carcinogenic nitrosaainee in the 

aetiology or h�•an cancer has been disouseed b7 expert• 

(o. Baeeir, Pera. Cou.; Eisenbra.nd !! !1, 1969; Lijinalcy 

and Epstein, 1970). 

• 

A.a a reau.l t ot this apprehension an aeeeeament ot the 

level ot conta•tnation or Nigeria's local alcoholic beverages 

with n1 troaaaines waa oarried out. Uains thin-layer 

cb.roaatographio and colorimetric techniques diaethyl­

nitroeaaine and dioth,Ylnitroeamtne were found to be present 

in Pala 1ne, Burukutu, Pi to, Oti Agbagba and Ogogoro in 

uounta ranging trom 20 - 100 ug/11 tre. 

Althouati these amounts are small, histopathologioal 

evidence 1a preeented to show that the two nitroawnee 

tound in the alcoholic beverages are potent 11Ter carcinoaena 

exhibiting a clear - dose reeponae relationahip. 

!Tidence io aleo presented to show that aomo of the

early bioohenical cblngeo induced by diaatbyln.1 trooaainc 

in the course ot liTor damage include an 1apa1rnont or the 

bile pipent aetaboliaa, inhibition ot protein aynt.heaio, 

olovation or blood eupr and inoroaeed aotiTity or Alkaline 

Phoepbataee and aerws glutwo oxalaootate tran.enninauo in 

tho blood, 

Tho toxicity ot d1aatb7ln1 troeanino 1• ahovn t-1> bo 

repro11cd by 41eta 1ovorol7 deficient in protein, 
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INTRODUCTIOlf 

1, Chemietry of the Nitroenminea, 

The nutopey report ot cirrhosis ot the liver 1n tbrae 

men working in a largo industrial undertaking baa brougbt 

into light a new group of ohcmioal caroinogane under the 

group name of n1 trosaminoe (ILagee and Barnes, 1956}. Many

workers now accept nitroaaminea aa  one ot the moat tormidable 

and vereatile groups or carcinogens yet dieoovered (Druck�ey 

!! !1• 1965; Kageo and Barnes, 1970), tor they have proved 

ettecti Te 1 n all animal apeciea 1n which tee ta have been 

re»orted. 

1'1 troaaaineo can be represented by the general tormula 

R' 

0 

ThOJ have in oomi,on the ni troeo group and an a)Jcyl 

group. 

a• can be an 111.k;fl,

(n .. 0--4). 

CH} (e:2)ni (n • O - 4)

cooez..5; COlill2 i or oortain othor IP"OUPB,
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' 

'rho Uitt-oDn 1aeo QrO unwlllY i:ro� tree tbo roor,eot1vc 

a.JlcyJansno co:ipoundo by tho action of nitroUD acid (INtton � 
.o:ith, 1956; I!o:ith � r..attool:a, 19( 1 1 t'" uoc::a:m, 19G2), 

alt�� other nothodo C3Jl bo UDed, (v.11•,C?rot ol. 1972). 

ni19 + wo
2 

___ ¥-11
11:aa

_ o + �o. 

Quito reccnt]Jr it � boon oh.ow that W'.4or n voll do1'1ne4 
pH condition nitrito on4 oocor.dnr.f ontnnc in pl.Bnto could r�c• 
to fora tho corroopondina nitroo:lclSno (Du11loieo, 1969). Al.co 
bQctoriA =n bee oh.ow to nitrooate oecon4nr,v or.1nco. non 
under c::-n41tion1 th:l.t vould not pornit n Apontnneo\18 r�oticn 
betueo:i tho tvo COlll)oundD• to foro nitron:10Sntto (Bon4nr, 1968). 

�o nitl'o::no1noD are roFoocntcd by oolld and yoll.oV oily 
G:1botonco vbich wry in their oolubUity. So::o ore n1:zrfhlo '111th 
water in all iiro�rtion.o, uhilo othore an only cllt!,htly oolublo 
in 1.-;i.tu. ?ho nitrooo croup 1o loot ur.dor ao14 ooMitioDD uith 
rovcrcicn to the ooconhry ooSnn and thio �I> nlno colrl'wo the 

cbar otoriatic oanaitirtty to llcht of theco 00::pcudo. 
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4 

R' 

ff -If • 0 411. Ao� 

R"/
-

R' 

R''
/ 

N - ff :r O _h:, � 

R' 

ff - !lll2 + N02

R" 

Nitroear:unea can be roushl.7 divided into two sroupa, 

one exemplified by If - aethyl - H - ni troaourothane, which 

ie unstable to alkali and which 1ntoraote 11t neutral pH 

with oulphydryl groupa (8choental, 1961) and the other 

exempl11'1od by dimethylni troeaaine and 1 to homologuea, Which 

arc stable to al.ltal1 and 4o not react with aulphydryl groups. 

The analyses ot ni trooaminee have been achieved via 

polorographio (lroath, 19621 Lyndereen and Rao, 1967), 

iodomotrio (Oal .!!!. !!• 1968) coloricotrio J)rieea, 1879; 

Daiber a.nd Preuoaunn, 1964. Mohler and llayrhoter 1968), 

1ntrared (Mohler an� Uoyrhotor 1968), tluoroaoent (Mohler 

and Uayrhotor, 1969), epeotroocopio aa well ae aoid-baeo 

and deoompoaition aothoda, (Aaworth, 1964). 
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-

However moot ot these l:lethoda oannot be applied tor trace 

anal:,e1a ot n1tro1ami.ne in complex aixturea, e.g. food or 

plant extraota (Preuaa11ann .!!,! !!· 1967). 

Olean-up mothoda have therefore been doTelopod very 

recently by Eieonbrand .!!,! !l.· (1969, 1970a; 1970b), Ae 

a r1ret atop liquid-liquid diatribution ot nitroaallinea waa 

1nveatigated to remove lllll1nl.y lipid ooaponc:nte ot  a mixture. 

Tbo1r axpori111111nt 8howod t.h&t the a1otoi:t aoatoni trile/n-hapto.ne 

1a favourable tor thia purpose. In their aecond eXl)oricont 

Eieenbrand n !1, (1970•) 1nveetigatod tbo rooovery o� 

n1troaam1nee by steam diatillation at noutrlll, alkaline and

acid pH under reduced preaaure and ataoapber1o preaaure. 

Since m11.ey toodeturta ot aniaal or plant origin oontain 

nitrite or nitrate aa well ae &llino oompounda they ausseated 

distillation trom an alltalino modiWI r1rat to avoid tbo toraa­

tion ot N-nitroeaaine artitaota at low pH. In the laet part 

ot their oxporiJDent thin-layer chroutography ot nitroeallinoa 

waa investigated aa part of a oloan-up step before 

qwmtitative estimation ua1ng appropriate color1metr1o 

procedure. 
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' 

11. ntro11••1m•

De1p1te the11' belna well eetabl11hed caro1nogen• 

TR7 little 1ntorut1on 1• 7et &Ta1lable on the ooaurrenoe 

of Ditro•a•1nae 1n the eDT1ronment, The queation whether 

aJ11' h11•an oanoer oan be attributed to the1r preeence in 

the en"fironmmt. either naturally or aa  a reeult ot unauepeoted 

ohellical reaction baa prompted the queet tor tha• in aou 

food 1teae. 

A aoet reurkable eDJ1ple or unsuepooted formation ot

Ditroal.llinee in the enTironaent, in th1a way wae tiret 

1nd1oated 1n Norway, During the 19are 1961 and 1962 there 

were 1n Norway out.brew or toxic bepatoe1e in l'Wlinanta. 

lopena 11 !l• (1964) indicated a connexion between the

d11eaee and the tecding or a seal made tr011 herring preeeMed 

with nitrite. Thie connexion wae oontiraed by Baltebang .11 !l, 

(1965) Who detected 41•ethyln1troaallline in the herrina meal 

eaaplee known to be tcxio, 

The high incidence at ooeopbageal cancer in Bantu people 

in localieod aroaa ot the Tranekei, a1nco 1940, baa been 

related to eigna ot molybdenum detio1ency in the leaves ot

the11' plant• whi eh reaul t in aooumula tion ot n1 tra te 1n these 

plant•. 'l'lleee and secondar7 a.ainea present 1n thera llight 

react to tora n1 troealllinee (Druokrey !! !l• 1962). 
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7 

fht firet poe1111vt rooult ot the cibofl ti.notho!Jio hao 

been obta1nctd 111th tho dot oticn of dicothylDitron- 200 1n tho 

truit ot o.,Janaccouo buoh ( oJArnm iDo:>nun} by Dur.loico ( 19GG). 

fho quo:1t10n et tho ocourrcooo or Ditrtinnntn11:, 1n tob:lcoo 

nnd to coo coke baa boon roooiv.1.tlll 1 orc::oi:Jla ntt tion 

primrily duo to tho aaaucod ndotcmct ot a C'.llll"\l t'Ol.nticn.Dhi!) 
botw en 01(:nrotte c::::olcsne and June CMoor, incidcmco. Altluru6h 

liourath ,u !!!• ( 1965) olo1rod that Ditl"01Ja,Snoo 1n tobacco 

rmoko aro fomo4 1D n title 4opmd t on eh ical rc"otion 

eocurr1J:ia in tho ,-apour p]moe en! after tho occbu°'icn �o, 

Druokrey (1964) acaortod that tho poooibility c:mnot bo cmtiroly 

el1o1nnto4 that Dit:ronon1nco 1n tobncoo c::ioka or1cimta llt lCAOt 

in� fro:l the tho tori.Dl. of the tobacco pl..Cl.nt. 

Oerfontoin an4 Hurter, (1966), 4CDcr1� mdeoe for 

tho pre once of nitron.101neo 1D tob:lcoo oke oondcnroto CD4 

4etooto4 throe nitroOAru.noo 1n tho condo'.'loate. 

Strtonteiil and �t, (1967), further doeoribed ovidc:ice 

fer tho ooourro:soe of n-J11trooru:i1no:1 in to�ooo and oontimGd 

the txiatonoe of r.-nitrooopipor1d1ne. 

'rbe lirGtJonco of nitronon1n� in to�cc� DDOkt baa nl.oo 

been core rtoontly otudio4 by J�boeoo a . ( 1968), i o.nd 

Rhodoo a%l4 DnnAJ4 ( 1972). 
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8 

Bmm!mt:1on ot n atnl :::iote oclldem1o1t•• utiliD-1"6 a 
b1ghly 1electin pa ohroal.tegt•phic 11Utec l'ffeol.ed no 
4eteot ble nitrouo\ne .l*>ke, 

eoent 1tudie1 hil.vo oho1m that h e-!:'.lde nJov1 gin 
contrdDD n1trcCJ!ln1non ( aOlru,ban JZl ii• 1968) All4 
tho prooonce ot traco �to ot n1trot1,r,tno in vhito flour 
hllll been olA1ec4, (Jlti.rqua.ttt, 196G) 1 conf� {lrollor, 1967); 
and 4enie4 (�hoVJJJJ, 1967). 

llelone ermnn (1961) iD lntad ruut 14ctitled 4-uot'eyl­
n1troo:imtno'boncnl4obydo DO a r!Otabolio roduct 'fr o cult-Jl'e ot 
OU1tomo GB JIQl,;, q vhiob ill e41blo tllOhrooo. 

'rho 41aboto lie antibiotic, stre t,..-.,.,oin, ioolot f'ro::i

troDtrnoog r\l'Olm;:,oct:tnn, Iulo 'too f1hmm to be 
n1tro111nSdo � blo of imtucinLJ 1.-:4 y tun;o..ir 1n r. to (A'Yiec:i 
an4 Pettdnle, 1967) • 

Annlyo1o of vnriOUD foc4 ito:::m, chooco, cunt, tioh om 
lncon for nitroa. 1no \LDiD.� ol . .......,. u oet odo Q1ld c.oo a ctnm 

'"' &llao boon vary :rooan� c:irriod by C.ronby ot al. (.1972l 

111. t•tmiao or ttroc:;n1ro1.

(a) Jl ,ture nf ho hinlo!"ior,U.y otm 1ntcr,;y11ntg.
GVOml vorltoro have aho".m tb::lt nitreannSnoo tbo:::iot>lvm, 

wro not toxio wt fut tho notivo rrinoiple ii a cotabolito. 

D1A.,.NJJmno11 llQYO beon ra1ceootod to ou1t the theor.; of 
oa.rc1no�ee1D by 0Jlcy-lntio11 (11.mhi, 19611 ;ncvo nn4 
Boho tul, 1964) • 
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The cytotoxic action ot biological alkylating agente 

particularly tho bitunctiont.l compoun4e, it woll mown 

(Lawley and Brookoe, 1965), and it eoa11a poaeiblo that the 

acute cell-damaging action ot the n1 troao 0011pounda cay be 

attributed to alkylation. Th1o aussoation ao it relates 

to the acute hoJ)atotoxio action ot the n1 troeainne haa 

recoivod oonaiderable eupport !'rom the work ot Uoath (1962), 

Alkylation may alao explain the cutagenio and toratosenio 

nctiono ot the nitroao coapoun4a1 ainoo aovortLl. biological 

alkylating asenta are potent in both those aotiona 

(Lovoleaa, 1966; Pave, A. 1964), '!'ho position with roprd 

to mutagenaoia, however, is tar rrom being clear, and 

aoao ovidonoo hcla been intorpl'oted ae indicating that the 

n1 troeaminoa o.ro mutagonic by aoohaniema other than allcylation. 

A roaaonablo objection to •1kylation aa tho nacoeeary 

and outt1oient moohaniom ot oaroinogoneaia by tho nitroeo 

compounds 1 e that many ot the wall known biological 

al]Cylating agents cannot be rosarded aa poucrtul onroinogona 

(Brookoe and Lawley, 1964). 

From the tore-going diaauaaion it is apparent that 

Alkylation ia to.r trom boina oatabliabod ae tho critical 

intracellular reaction reaponeiblo tor tho biological 

activity ot tbo nitroeo compoun4e. 
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the aetaboli1a ot d1aeth1lnitro1aaine ••• studied 

by 111100 and Vanderkar, (1958) uaing tieeue ,11001 and 

hoaogonateo, Preparationa trom liYer doatroyed diaethyl­

nitroaamine in the presence or oJcygon but tho other tiaauea 

teatod wore inactive with tho exooption ot kidney olicoa; 

thoae 1howed barely dotoctnblo activity. Tllo abilit7 to 

doatroy dimathylnitro11.1:1inc ••• found in the mioroaoul 

plue oell-aap motion and there woe a requirement tar 

phoaphopyr1d1na nuoleotide. The aetabolia11 ot d111et.h,Yl-

n1 troaaaine and diothylni troaa.m1no waa otud1o4 in Gl'••ter 

detail by Eam�lot and hie oollcnsuoe, (196o), �icroeoml 

preparation ot rat liver produced toraaldoh,Ydo when incubated 

with dieathylnitroeftaino (Brouwora and Ecl:lolot, 1960), an4 

a u1111lar oneyme oatalyaing the oxidative Tt-de�lkylation � 

dimethylnitrooaoJ.no, with the tormntion or aootaldc�de, waa 

reported by U1erah1 and Fmielot, (1962). Pro-treatllant 

with c7ateino had o protective action aaainat diaot.h7lll.1tro1a­

•ino but not againat d1ethylni tronaaine ( rmtlolot Md K1srah1, 

1961). Heath, (1962) atudied the motabolie0 in teule rata 

ot d1aeth7l, dieth,rl, n-butyl-"eth.yl and tcrt-butyl11othyln1tro-

1aain1, uaing c14o) - labelled ond unlabelled coapounde.

Proa ob11"1tion1 on tho ratao or oxpiration ot labelled 00
2 

an4 on the 11Utual inhibition or oX1dat1on by dittaren� 

ooapounda, he conoludad that tho n1 troeuinaa nre not 
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theaaelvae toXio but that the toXio agent• J1Uet be produota 

ot oXidation, 

iv. Onroinogeneaie bz Ritroaaminge

111troaa111noe have been shown to be roall.Y ttpre-oaroinogen.e"

that are metabol1ohod into tho ultiaate oaroinogenio torme 

whioh are eleotrophilio reactants (Price and oo-workere, 1969). 

Evidence tor thio oonvoraion to altyl.ating aaenta lula been 

discussed by Preueaman.n, (1969), Druokrey, (1969) and Magee, 

( 1970), 

The �out critical oellular nuoloop1'1.io tarsota o� 

oaro1nogeni c n1 troaam1nea appear to be the baa ea ot nuclei 

acids 8Ild certain amino ao1da. The reaultant altered 

DHA and JUIA, and pt'oteine would thue initiate tbo oaroinogenio 

prooeea (DI>uokrey, 1969). The aubeequont events that would 

load to the oharaoteriatio naoplaatio state reaain eeaentially 

unoho..raoteriaed. At present the tour general 11eohanie11e, two 

direct and two indirect listed in t1gure 4, appear to be the 

principal bypothea1a that are under experimental tests. 

Any ot these oeohaniam or comb1nat1ona t hereof may account 

tor the ,ray in \fbioh a caroinogcnio agent oporatee (KilJ�r and 

liilJer, 1969). 
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UNIFYING CQNC� PT OF CHEMICAL CARCINOGE�ESIS 
: -a -

( MIii• and Milla, 1961 ) 
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SCHEME FOR THE REACTIONS OF DIALKYLNITROSAMINE� 
AND ACVLALKYLNlIROSAMIDES EVENTUALLY LEADING TO
ALKYLATING INTERMEDIATES.( Oruckrey �t al 1969) 
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(a) DialkYnitroaaminan.

Dietbylni tro111J11ne hao p-ov84 to be • Tery potent

livor oaroinog�n (8ohoent&l !1 !!• 1960), Extcnaive 

quantitative atudiea (Druokrey 21 !!• 1963) rovoaled 

clear doea-reaponae ralationllhip don to• daily doae 

ot o. 15 rig/kg, bod¥ weight. Ivon in  guinea piga, 

formerly oonaiderod reaiatant to oaroinogene, hepato­

cullular carcinoma have been produced with t.ho aame

regularity ae in rate (Dl"llokre7 o.nd Bteinhott, 1962; 

Arsua nD4 Boch-L1gat1, 1963). 

All other syametrioQl dial.lcy-lnitroaallina up to the 

diamyl compound, a�tor oontinuoua oral administration to 

rate have been abown to produce livel' oanoer vith 

descroaains potency (Druoltray, 1967), 'lbo only oxooption 

wao di-n-butylni troeaclino, which produ.ood 011rcinom.aa ot

the urinary bladder. Bioohollioal studies reveo.l.ad that 

soluble cotabolltea aro oxorotod in the urine in high

conoontrntion, probably coupled hydroxylation products 

(Drunkl'ey !1 !!,. 1968). 

Since hydrox;ylation ooourrod Wlinl.y in the liver 

Druokroy ,g! !l,, (1969) attempted to avoid the liver 

by oub-outanooue injootiona. 
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With dial kylni troauinea, not one single local ear coma 

wae observed at the e1te ot injections, during 

several experiments. Sub-cutaneous 1njeot1ons ot 

dibut,-lnitrosa.aine produced bladder cancer 1n all 

treated rate. 171 t h  t.ge di amyl oorapound however, bladder 

cancer •as n.aver observed, but carcinomas ot the lungo 

were seen (Druokrey and Pren.eemann, 1962). 

The non-e)'lll:letric dialkylni troaam1nee induced 

carcinoua ot the oeaophasue with high regularit,J 

(Drwlkrey !l, !!.•, 1963). Similar resul ta were reported 

by Weieburger and hie colleagues (1966). Druckrey il !1• 

(1969) ahoired 1D their eXperimente that the mothylall:yl 

ccmpoi1Dda were the moat potent caroinogcma 1n thie group. 

'lbe ottect waa completely independent ot the route ot 

adluDi etration. 

With cyclic nitroeuinee, again organotropio atteote 

were obeenod. "tar oral adai.Di etra tion 

n-.o.1troeol)7l'roll4ine produced onl7 liver co.near. The 

nerl higher hoaolosPe&, n1 trooopipcridinc, ac, well aa 

ff, ff' - din1troaop1per1dino, however, led to oarcinOm:la 

ot the oeeophasue. After 1ub-<1Utanaoua injeotiono 

in rata both c01:1pound1 produood carc1ncaae or tl.a 

ethnotu.rbinalln and neuroetheaioepi theliocne or the 

ol1'actoey norTe (Druokrey at cl. 

_ _ 1964) • The uao tumour a
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have been obeervad by Harrold (1964) in golden ha11atore 

after sub-cul taneoua 1njeot1ons of 41 etb,Ylni trosamine. 

(b) Aoylalkylni troaamidea.

Arter sub-cutaneous injections in rate, local

sarcomas have been observed vith several acylallQ'l-

ni troe8Jlides (Druakrey � !!!,. 1966) • A4d1 tionally, the 

very unstable phe.n,ylnitroaourea wao also active 

(Preus monn � !l• 1968). Metbylni troeourea painted 

on the a)jn ot Dice, rato or bametero proved to be a 

ve?7 strong topical coroinogen in experiments ot Oratti 

� !l-, (1966, 1967). When given by oral route, 

eeveral acylalkyJ.nitroaamidee J;)l'oduced CIU'Cinoaaa ot the 

fore stomach in ra ta (Druckrey .!!! !l•, 1961 and 1967). 

In guinea pip, olnoo the wholo atomach lo Sl•Dd.ular, 

lldonooarcinoi::aa of the stomach and panoreaa have been 

produced in high yield with methylnitroaourea o.nd

me t.hylni troaou.rethane b,1 Druc.krey And hi a colleague a ( 1968). 

In order to avoid local carc1nogen1c ertecta, 

orperiaenta were perto:raod with intra-venous injeotlona 

1n rate. They roveDJ.ed striking orpnotropic erteota. 

Keth7ln1troeourothane, even at a dosage ot l ml/kg. 

bod¥ velght once every two weclco, i-osulal'ly pro4uood 

caro1noua of t.ho lungn (Druakrey 11 !!•, 1967). 

Lleth7ln1 ti-oaourea, by controat, proved to bo a caro1noncn 

highly apcc1t1o to the brain and in 10cc o•ao1 aleo to 
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t.he apinal cord (Drunkrcy U !!•, 1964; 1965). 

Thie roeult ••11 oont1r11ad by Thocma and co-workers 

(1967),and b1 Strooban4t an4 Brunchor (1968) and in 

rabb1to by Jantah and Schroibcr (1967). 

Both ooapoun4e, aoth,7ln1 troaouroa and 110thyln1 troura­

thana, atter do�oylation y:1ol4 the naco proXiul OAl'oinoson 

naacly d1a1:0111ethane and moth,Yld1&J:Oniwa (Druckroy ,!S !l.•, 

1969). Thorotora, tho reapoctivo orsanotropio etteota 

are to bo attributod to the trholo au the II tranoport t'orm". 

Reurotropio e!taota b:lvo nl110 boon toun4 with 

ethyl- di111eth,Yl-, and tri1Dotbyln1 troaouroa, producing 

aalisnant neuroopi thal1al t\lllloure ot the brain, the spinal 

cord, and the poriphoraJ. nervous oyetom (Ivo.nkoVio ,!S !J&.

1965). 

't'. J319oh�1o•l Etteot11 on tbo Coll 

(a) !ethylation ot Nucleic Aoide

DiDothylni troeaaine haa been aholl'D to 11ethylate

liver proteino and nuoloio aoida in the intact rat an4 

in rat and bunan liver alioea uains c14o) dimethyl.n1 tro­

auine (Magee and Parber, 1962; Magee and llultJ.n 1962). 

A largo part ot the radioaoti v1 ty incorporated into 

protaina wae preaent •• motbylated hietidinoa, and moat 

ot the aoti Vi ty in t.he nuclei o aoid11 waa 7-iaethylsuantne, 
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thi• 1• coneietont with aothylation in  vivc (Brooke• and 

Lawley, 1964). Labolling ot the ribonucleic acid (Rl'{A) 

and deoxyribonucleic acid (DNA) ot tbe kidneys alao 

ccC11rred and waa ahown to be largel:, duo to 7-uthylguanine, 

but quantitatively 1noorporat1on was considerably 

lower than in the liver (Craddock and Magee, 1 963). 

Moro rocent work by Lawle7 and Brookoe ( 1968) h&a demon­

atrated alleylation ot nucleic acido on adenine and 

cytosine moietiee. Ket�lation or RM and DNA in rat 

11 ver and kidney reached aaxtm111 lovole about aix 

houre following injection ot nocroti�ins and non-noorotising 

doaoe, at'ter vhioh there wee a eharp tall. These reaulta 

auggeated that vecy little it an:, ot the incorporated 

aethyl-srol.Ul could remain tor more than a week, but tbo

peraiatonoo o r  ainute aaounte could not be exolUded (Oraddock 

and Yagoe, 1963). '1!he tYPioal aethylation reaction alao 

ooo�ired in mouse, hamater and guinea pig liver RJIA, and 

the reaction can be deaonstrated with {'11) dimatbylnitro­

eaaino •• well aa with (14c) dimethyl.nitrosaaine. '.l'he 

dietribution ot aotb)'lation aa aoaaurcd by 7--metb,ylguanine 

in R.RA. was studied in several organs ot Wiater rate and 

BALB/0 aice, following injection w1 th labelled diaethylni tro­

aeaine. In both epeoiea tbo liver ehowed auoh the highest 

level ot mothylation; th1a repreaented about 1-2� or RHA 
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I\Ul,n.11100 into 7-aot.hylsuanlno. In tbo ro.t tt.c orpn 

ohowina the nox1' hi[lboot lncl vao t.llo t14nD1, followed 

b7 tho lunge and then tho aplccn. Tho oqu.aaou. ctoucb 

Clbowad ouoh la11a, hilo tho panor••• ClJl4 the eCAll intcatino 

aho'liiod alnoat no detectable c.o�lntion. In the aouao, tho 

pattern or aot,hylat.1on waa a1ailor except th t the luna 

RiiA. hAd the highcot lcYol ot aothylAticn otter t.ha 11 •er 

and t.ho kidncJ •017 cuoh loao. (Leo, Li ;j1nak7 And 114£�, 

1964). Ethylation ot liTer RJfA occvrred 1:n rato treatc4 with 

(140) dicth;rlnitroaalline, aD4 aor1ca\ incorporation of

label t'rom thia co11poun4 ooCllll"od 24 houro after in;jection. 

Mothylation ot rat llTcir RltA followed treat nt Y1th n-but71-

(14c)-cct.hyln1troau1na but DOt With tcrt-bUtJl-(14c)-aothyl int

Ot\d not 1'1 th othylnitroea.aJ.no (llasoo Uld Loo, 196}, 1964). 

(b) Inhibition ot Protein srntho111.

The 1nhib1tor7 otfoot or d1aot.b)-ln1troolJl.ino o n

tho incorporation or uino acid• into p.rotoina of rato 

liYer in Y1Yo ••• reported by Ya,eo (1958). Incorporation 

or 
14

c ... aino aoi4a into 11 •er protoina ••• roduoed b7

abaut 50" by three houro attar a noorC>tiain; doae ot

41aoth7ln1 trouDine, tho extent or the redllotion boins 

t.bo ue in t.ho 41tteront auboellular traotiona o"f the liver. 
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Incorporot1on ot IUiliuo no1do lnto kidno7 and epleen 

prote1na ••• uniapaired. !he aotion or 41cotbyln1 tro-

11a111no on protein eyntheeie ••• anolyeod �urther b7 

Bult1n .al!!· (1960) u&1na 1n vitro teobniquo. 

Incorpol'fttion ot val1nc - 14c into proto1n.e ot rat liver

alicoe in ntro waa inhibited by prc-1noubat1on ot tbe 

elioeo "' th d1met�ln1 t.ro•••inc n t concontrationo ot 

about 0.111.M but 1nh1bi t1on ••• obaerved with kidney 

alioea. Incorporation ot adenine - 140 into RHA ot rat

liver alioea in vitro••• alao inhibited on pre-incubation 

with diet.hy-lni troaam1ne. B1•ouwara &rut Dmelot ( 1960) aleo 

observed Mrkod impairment ot tho an1no aoid inoorporat1on 

eyete11 of the co11binad microeoul-eoluble t'raction 

ot 11 vor trom ra ta treated with d111athyln1 troaaai ne 

and they tound t urther, no a1gnit1oant 1JQPA1rment o't 

the reaction between leuoine - 140. and aolublo R.RA.

(BR.RA) in the preeonce ot the pB-5 cmQme ayetem of 

the supernatant fraction. 'r.bie 1ndioated that the 

1Jllpa1rma.nt ot protein aynthea1e involved trane-rar and the 

incorporation ot the amino acid trom the BR.RA to the 

111.croaomal protein rather tban at an earlier atago. 

Brouwore and Elmlelot {1960) concluded that the 

inhibitory st'tocta ot 41ll1ethyln1troeam1ne on hepatic 

protein ayntheaie ia rather opooitio ainoo respiration, 
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117 17 1• • • r..1a1>er o-t other 

ero I' t 1--.r.alred nder 

olot. an4 K1arhah1 (1 1) re rt 

s;,atio • t1'\"l Ue• 

r1'11ttit.al c:ndi t! •, 

treato4 wlt.h 41•fihYlnt tro&Gaino oe4 • 

inhiblt:lon ot prot•in o,nthc•1• .nu t liYcr, o 

61'0\lJI (tuolot Jl1 !l· 196 i lllsr&hi AM fll:l�lot. 196::tt 

1963), a.howaa. that QYate1nc doeo not r--ot�t a 1nat 

tho toX1o1 tJ ol' u., 1i-4J1b1 tion � aalru> acid 1ncor�rat1cn 

uert.e4 a 

J)l"Ot.cct.ivo uttoct a 1nat 1fi ib1tion or r-rote1n �thcaia 

b7 both J.iaot.l\31- nd 41ot,.hyln,t.rotaainea t but. t.:n• 

ooapoun4 ha4 no orroot. an t.hG et.'la,aoa re panaiblo :tor 

tho aotaboli11a or 01 thor c0llpoun4. 

'l"ho 11coh n111a of t.ho 1:n.'11b1tion of incorporation 

ot aa1no co1do hn1 bcon t\lrthcr analyaed by lillU'llhi lln4 

Q:,•olot, ( 1964), vho ahowod th:lt Uul.re could bo l.oao or 

eaee.naor RllA (IIRKA) troc the pol.7ribo11ococ in the, 

liYcro or 41r:iethylni troaruuno-t.rcatocl rat.a. 1'hio wld 

bo con111tont 1 t.h the appoaranco 1n U-.o clcot.ron 

10roaoopf'J or dctaohcd riboooJQOo l.71ns 1n tho oytopHcu:do 

trix and laalting the &B6I'OPto 1t.1•uotu rc ohnraotor1 ot10 

of pol700aoo. 
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The roopoll.lle or t.ho post-DJ. tochondr1nl troct1on, 

(12,000g. oupcrnatcnt), and of r1bo101101 1'r"'1 o control 

nnd 41mothyln1tro�•�1no-trentc4 rot, to aynthot1o 

mooscngcr, polfur1d.711o acid, wao th.er�oro tostoo. 

Tho 1ncor»orat1on o1: ph8JlTlalan1no-14o waa stimulated

to a greater oxtaut in both typos ot preparot.1on tr0C1 

tho tr3atcd rate than trQQ tho oontrolo, 1uggoatin1 

thllt ava1 lab le a1 tee tor 4><01onoua 11caaongor lUIA wore 

saturated at lower conoantrationa of poly U 1n the 

control than in the trca ta4 proparat ion a. The inoorporo t1an 

pattern of the ribooocoe tro11 tho dimctbylnitroau..lno 

trootod roto roaoablod that of norcal r1booomou 

attar pro-1ncubo.t1on or troatmont •1th ribonuoloaao, 

oond.1t1ona known to convert polyr1boaomea to ,11aJ1�r 

•Bil'oaatoa 11nd aina).o l'iboeo11CCa throus)l tha loaa ot

aRlfA. i"Urthor ondanco that alUtl ia lost troia the 

treated preparationa waa obtained bJ auoroao gradient 

oontr1:.rupt1on or r1bo oomal compononta. 'lho nU11bor 

and eiae ot tbo riboooul asgroptoa woro deoroaaod 

and there was a corresponding 1ncroaoe in the llUlllber 

of aQUler aggroptea and riboaomal 11onomoro 

1n the diAOtbylni troaULino treated rat l1yor, aa 

ooaparod 111.tb the control. 

(808) 
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In their l11tcr work llii:r0.h.1 and do Vriou ( 1965) 

oboorvcd thnt a :turthcr brcakd011n ot pol.y1•J.bviJOJJe;J troa 

livero or rato treuted r1v� hours prcviouoly uith 

d1methyln1 troauino 0001tr, d during incub:1 tion ln 

oxporimento on oninn aoid 1noorporntion into protein, 

no oi(Pliticant 1nhib1 tion ot incorporotion ot x,32 into

nuoloar or oyt opl•omio RRA ffao tound 1n tho livors or 

troatod rate. 

Vill.a-Trovino (1965) oboorvod progrcaoivo breakdown 

ot I.ho riboaoQ&J. ac11•ogntoo which ne dotootod ono hour 

nttor oda1niotrat1on ot dimoth,ylnitroeaoJ.no; tbo oxtcnt 

ot broakdc,-n w11e proportional to the degroo ot 1nh1b1 tion 

ot protein o:,nthooia. Thie broaltd01JI1 ot aiorooomal 

nse;rogatoe vao not accogpan1od or preceded by 1nhib1 tlon 

ot incorporation ot orotatc into nuclear RRA, therefore

two hour a after ndainiatrot ion 01 d1J:1Ctl1ylni trosarllino, 

when 1D Vivo incorporation ot luucino wne dooreaeod by 

,,e,, no ei(Pl1tioant d1ttorenoo vae observed 1n orotato 

1noorporut1on. Tllo i;reator etiDulation ot )Ol.y u ot

incorporation. ot ph�lalon.1no - 14
c b¥ ribooomoa trom

cl.iciothylni troea.aino-troatod rat li'voro wo.e coru. U'aod by 

llagcr !!! Y.· (196511), who euagaetcd that th10 ro.rloote 

nn inoroaood availability ot t h e  riboaoul eurtaoo 

tor 1ntoract1on with axogonoualy euppl1od coding agont 

(1.o. poly 0). 
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They pro11UJ11cd that t.ho dt'letruction of' coeocngor RNA 

bound to riboaomca and con�equent unnaaking ot norml.ly 

ecroer.e4 combining oiten CM ncoount both tor the 

excea11 vo arr1n1 ty ot the eyotcm tor poly o o.nd tb.e 

concollitant decline ot ita intr1rut1o amino acid 

incorporation activity. Theee 1'1nd1.ngo (111arah1 and 

Emmelot, 1964, Mizrl\h.1 and de Vrioa, 1965; V1lla­

Trev1no, 1965; t:Agcr ,9.1 !!,!. 1965), led to the euggeation 

that tbore may be accolorated breakdown ot meoeanger RHA 

in the l1vero ot tl'cated animals. Thie i:icht bo a r esult 

ot ol.k,ylat1on or coeuongor RJ<A, a pooa1bility that 

rocoived oupport fl'om the do;.ionotrat1on or V11Ll-Trovino 

(1965) that pur1t1od liver nuclear RHA 10 cothylated in 

the diaethyln1troBDm1ru, trontod rat. 

(c) R'tt'eot on Liver Olvoosen.

31x holll'a artor a neoro�iaing dooo ot d1methyl-

n1 troeamino to rGte lfageo ( 1958) oboerved a reduction 

in the lOTol ot the liver RnA but not or DHA or total 

phoapbollpid �oopboruo. A8 the liver leoione developed 

there was an 1ncroaoo 1n otainablo and o.b.cmi call,y 

dotel'lll.inod l1�id o.nd ca.rkcd loes ot glycogen. Throe 

houra after a necrot1a1ns dooe, however, the lovol ot 

liver glycogen uaa only slightly reduced nnd the 

ditteronce tron the control lcvele wae not atat1at1oally 
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They pre1Umed tlult the dftetruction or c.oeccngar RltA

boUJ'..d to riboeoao and con�equont nnueking ot normlly 

acroon.cd combining oltea can account both for the 

oxooeaivc att1n1t., or the ayeto tor poly a and t.he 

concoll.1 to.nt. decline ot 1 ta lntrin.110 Mino acid 

incorporation activ1t7. 'Iheae tindinsa (l1z.ra.h1 and 

tmm•lot, 1964, U1zrah1 and do Vrioa, 1965; V1llo.­

Trov1no, 1965; iasor !!, !!• 1965), lod to tho auggoation 

that there ma, be ooooloratcd breakdown ot mooaonsor RNA. 

i n  tt.o livers of t1•catcd anicalo. Thie t:light be a result 

ot oJkylation or aooo�nscr RHA, a goaa1bility that 

received support t:rom the de:ionotr�tion ot V1lla.Jl'rovino 

(1965) that puritiod liver nucloar RHA io aotbylatod 1n 

tbo d1uettiyln1t1·�aominc treated rat. 

(o) r.rtect on L1yor Olyooeon.

91x houro otter o. noorot1&1ng doeo or diaothy'l-

n1 t1'0aamino to rate t:asoo ( 1958) obaorvod «i reduction 

in the lovol ot tho livor RUA but not of D:RI,. or total 

phoopbollpid phoaphoruo. Aa the liver looiona devolope4 

thorc wao an 1ncreaoo 1n otainable and che:i1cnlly 

dotcro.1nod lipid o.nd J:IAI'kod loao ot glycogen. 'l'hrce 

houre attor a nocrotiains doao, her.over, tho lovol ot

liver gl,ycogo11 was only &lightly roduoed ond the 

dirteronoe trom the oontrol lovole wae not otatiotionlly 
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eignitioant (Hultin !1 !L 1960). Elmelot and Benedetti 

(1960, 1961) reported progroaeive loee ot gl,Yoogcn 

tro11 livere ot rate treated with dimeth,Ylnitroeaaine. 

The lo•e or 11 ver glycogen could be veey largely 

prcnentod by prior treatocmt ot the anioale with oycteine 

(J::mmelot and Mizrahi, 1961). On tho other hand, oyeteine 

gave no protootion apinat the glycogenolyaie induced 

by d1ethyln1 troeuine (llizrohi o.n4 Ellnelot, 1962) but 

cyetea.mino treatment greatly reduced the loee ot liver 

£).yoogonJ thio ot'foot wae 00W1toraotcd by the n1 trooaoinee, 

auggoetins a autual oliaination ot au1Jil¥r)'l oacipounde 

and nitrooaaine motabolite (U1Brah1 and lDolot, 1963). 

(4) l'Oty Li Vf£·

The mechanism ot production or tatty liver 

by dimet.hylni tro Gbino 1n the rat wae inveotiguted by 

Reoe and Bbotlandor (1963). 'l'b(ly round no eignitioimt 

change in total lipid, triglyoorido, oholeeterol, or 

phoepholipid in tho 11vere or rate t1vo hours otter 

dimothylni troeruune ( 1oomg/kg. body weight) but at 22 houre 

the total lipid wae about twice the level ot the controls. 

The inoreaoo wae due to a 5-fold rieo in triglyoorido 

ot 0holoetorol or phoapbolipid, nie autbore conoludod 

that inhibition ot protein eyntheeia by dimeth,Ylnitroe&lline 

preceded inhibition ot aeorotion or triglyceride tx-om the 
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liver bJ 1ovoral hours but that the aoauauletion ot tat 

1• not eolelJ duo to roduotion in 11poproto1n aynthos11. 

(o) Bngpe Aot1y1t.y,

Reoe il !!• (1962) studied the leakage ot

liver oneyaoe into the serum ot rate poiaoned •1tb 

41.aothylnitronamlno 100 ms/ltg, body weie,it. Borua levolo 

ot 1aoo1 trio deh1dro1enc,,9e •ore raised at eix hou.ro and 

oontinuod to riae up to 24 houre. Glutuio dohydrogenaao 

&howo4 11 ttlo cbango until 24 hours, when 1 t also roae. 

Thceo changeo in oeru.m oney110 oc:ntcnt were retlootcd by

loeco ot 1eooitrio and malio deb,ydrogenaee activity ot

the liver liomogonato and tboy woro u.1nly duo to loaoee 

fro the extr4nitoohondr1al cytoplaeaic traotioru, With

littlo c1tochondr1al 1010. The inoroaoe in llve.r lipid 

induced by diJaothyln1trona11Snn wao con1'1rmed. Heither 

praviouu adronaloctoa:, nor treatment with the antihiotaain.o 

drug phencrpn prOTonted the lealtogo ot tho cmey11100 into 

the ,serw:a or tho dovelop�ont or liver necroals, Release 

ot l.:,ooooll1ll eneyaeo wae not oboervod 1.Jt the ea,:,ly 

pronecrotio et.age ot liver in�ury by d1mo�hyl.nitroou1ne 

and it woo concluded that the ly1omee probably plo.y no role 

in the car].y development ot liver necrooia but they aay ba 

imolvcd in tho later 1oavengins prooeaaee,(Blntter and 

Oreenbaua, 196,).

' 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



- 29 -

Heiee and Gorlich (1964) studied changes in 

metabolic :rato nnd. aotivi ty  ot tho gl.ycol.yt1c eneymea 

in rat liver during carcincgenooio by tel!ld.ing dietbyl­

nitroaamtne tor 120 clayo. Eneyno activitieo were

exproooed per liver weight and Clillisrllllla of protein 

in tho homogenate, The liver woisJl t 1ncreaood. during 

teeding but there was little damage in reopiration ot

slices ot homogenates ot liver prepared at interval.a ot

two weeks. Aerobic glyool.yeie increased. in 11 vor ellceo 

after the rate bad received about 600 ag, dioth,Ylnitro­

eaaino o.nd then remo.1ned on a steady lovol, but in 

hoaosonates there was little change during the period. 

Anr.erobio glycolysie only became detinitel.y raised in 

aliceo t011ard the end of the feeding po1•iod while the 

hoaogonatos ehowed an early tall in level followed by 

a ali�t rieo during tbo laot uou. 

The induction or enzymes in tho liver durtns 

caroinogeneoio by feeding N-nitroaoaorphollne WQB

atudied by Kroger and Grauer (1965), who aloo mnde a 

perallol histological study. The anJ.malo received 

10 ag. por kS•. bod,Y weight or the carcinogen daily in 

the drinking water. Bubotrato induction ot tyroeino-

2-<>xoglutarate tranaallinaoo waa roduoo4 attor about 

twenty daye on tbe oaroinogcnic regimo and that or 

t17Ptoi,han ox:,gonaee after 70 days. 
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MODIFICATION OF DEOXYRIBONUCLEIC ACID BY 

METABOLITES OF THE CARCINOGEN DIME.THYLNITRO­

SAMINE 

I 

I 

� 
�u N - N• 0 

! METABOLISM IN LIVER 

HIGHLY REACTIVE INTERMEDIATE 

REACTS WITH DNA IN THE CELL 

MODI FIEO ONA 

., 
N /C......__ MODIFIED GUANINE 

H- c/7 'c H
\
-H (7- METHYLGUAHINE} 

I I FROM DNA 
C -NH2 

N--C ........... 
N

� 
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REACTION OF N-METHYL-N'-NITRO-N-NITBOSO­
GUANIOINE WITH A LYSINE RESIDUE OF A PROTEIN 

MOLECULE (Lawl�y,1965) 

(f)� 
6 0 PEA MOLECULE

I PfA MOLECULE NH3 

I 
A (CH2)4 A' 

i HJH - l- C-H-1- C -- N - l - COO-

i iii i 11 
H O IH H O

J 
H H 

LYSINE 

/CH3
H 

/ 'Ho
C - NH 

HHH02 '\_ ,..-H

I
H '"°2

NHH02 C-HH 

I I 
HH 

C - HH I 

I
A (CH 2 >, A' 
I I H-J-coo H -C-C N -C-C 

I I II I I I I I 
H H 0 I H H o I H H 

HITROHOMOAGINE 
( Heulral) 
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vi. Pathologiclll �eots

On the �holo there ie rel!lll.rt..ably little publiahed 

work on tho ocuto loaiona produced by the oaroinogenio 

nitroaaainoe, but aomo detailed studies ot the liver in 

animals siven 41me�byl - and dioth,Ylnitrooo.mino have 

been mde. 

• 

In rate atter 20 og/kg bolly wo1Sllt d1cothylnitroea:m1no 

a pallor o� the cellli 1n the oontrilobul.llr and rud-aone 

region of the liver dovoloped llD4 progroaaed eo that by 

18 hours, tho 07toplasm waa amorphous ant\ vaouolated ond 

the nuola\ vaa pale and irregulflr. l't'eoroeie ot thoao 

coll& wns cogploted by 24 houro and cont'luent iirco.a were 

1"rcqucntly b&lei:orrhagic. The haemorrhage no more 

pronounced by 48 hours ond pol.ycorpb in!'iltration \1UB 

proa1oont. B7 72 houro the repair proceeooo vorc in 

tu11 ning an:I tho necrotic arena contracting, nn4 within 

3 1rccko rey.iir and reotoration 01• the livor tiGSue waa 

al.aoat complete \M�• and So.rne.,1956). 'l'ho ooute

lcoion in the liver of t}1e doe, i:.ouao, nn4 rabbit oho od 

o o1Dll.Jlr pnttorn. A Ycno-ocolu111vo looion irr,olving

tho hepatic veins a1&ht clao be seen 1n rato 10 days 

c.tter an ftpproxii:Ato LD50 doao (llolcan � ..l· 1.96,). 

Under electron Dioroooopo ohllJl en oould b o  cocn in 

tho crndoplaoaio rotloulw:i or oomo liver coll• w1 t.b.1n 
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3 houro, after o dooo or So mg/kg. body weight 

d1motbylnit.ro88A1no intravenous].y. The endoplaemic 

reticulum was ewollen and ribonucleoprotoin particloe 

wore detached troi:a the cocbranoe. The nuclei, 

m1 tochondria, m1orobod1oe, a.rul golgi ap1>4ratuo were 

unaffected. These chAngoe progl'coeed 1:1arkcd].y vithin 

the next 13 houro (Emmelot and Benedetti, 1960, 1961), 

Thooe chnngee in ondoplnemic reticulw:i induced by 

d1cethylni troBalUJlC hnve been con:tirmed by l!nkhorjoo 

!! al., (1963), who correlated the electron microscopio 

changes 1th et1nu.lation and depression of amino acid 

tncorporntion produood by di.tteront doses of d1.metbyl­

n1 troalllline. .De eo.nn ( 1964) was able to ahoTJ thnt 

cortioono could protect tho ondopl.aeD.ic rct1culu.a to 

oolXJ cxt;c&� froa tho daaagc produood b7 dimothylnitroellllino. 

vii. 1ut:i.eenea10.

l!any onrcinoacnio Di troao coopounda hove been

ahovn to be cutugcnic oo oll, 'i'ho nitrooacidoo (e.s, 

nitroeourothanc) arc active in V1c1n tnb (KihlaoM, 

1960), Ophiootorn, (Zottcrberg, 1960), on4 Droeophilla 

(Rapoport, 1948; Pootornalt, 1963), Uot.hylnitrooourothano 

pro-,cd core aoti'Yc in Saoo.haroayoco thnn ot.hylni tro-

oourothnno (l!orquerdt !2! !!,, 1963}. D1i:eth.yl - nnd 

Dlot.hylrJ.tr01nuiun0 arc liJ1talIC11io in Droao hila, 
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(Paetarn.ak 1962; 1963), but inactive in baotoria 

(Oo1eolor, 1962) and in naurosl)oro (Marquardt, Sohwaier 

and Zi?:Cerc.ann, 1963). Diazomothano itself 1o nleo 

known to bo mutagc.nic (Rapoport, 1949). 

The aechan1Rm or �utageneais by nitroeo oompoW1da 

hns been d1scunocd by uovor11l authors. Po.oternnk (1964) 

ougscoted that o.n 1dontico.l QoloculJr a ohanioc may 

account for both the corc1nogon1c and �utagenic activity 

or the n1 tl'oeo oocpound&. Uarquardt � !!.• ( 1964) 

al&o concludO'J that the mutation induced in b�oohllrog.yoea 

cero?1G1ne by nitroG&Didoe ls likely to bu dUO to 

�othylation reoultins in the tol'tl tion of 7-lilet.eylguan.ine. 

Pabey s1 tl• (1966) COJilPD.l'Od the mutygen.io activity of 

dieth,Ylni t!'Olla?Uno an.1. ni trooouroa in Droaophill11. 

Al tl10� �ore \1 a n b1•0:1d o1rulo.r1 ty in the wtogonio code of 

action or tbe two coapoundc, core dota1lod nnnl.yoio or 

their rouul.ts rcYoo.lcd dittorcncoa vhloh ere difficult 

to explain b7 eioplo othylation or conotio aatorial. 

'i"noy eugccotod that either tlo coapoundo thocaolvoo or 

products ot their aotnbolicm, other than dioi:ocathnni,, 

auet be playin{l n role 1n t.ho 1n1t1nt1on or cubaoquont 

at b111no tton or certain mutotiono. They pointed out 

t t tbo cctabolic production or cldcl�dc o.n� reduction 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



- ,,-

Produo ta euoh aa the oorreeponding hydrazinoo or 

�oll;Jla•1nea, all ot which are known to be mutngenio

in aoae ayateas, may be important and should not be 

excluded. 

Tiii. Teratogenea1a. 

H-Ditl"O&oaethylurea (Kreybig, 1965) and

K-nitroa�lurea (Druckrey tl g. 1966) nro potent

teratogena, and both c:i.n induoe tucoUl'o in the progeny ot

rat.a treated du.ring progn!lllC1, The high incidence ot

twaoura ot the central and peripheral nervous system

induced b:, Jl-ni troaoathylurea waa remarkable. By

contrast, diaethylnitroaamine waa reported not to

haTe teratosenio action in the rat but to induoa

reul and other tUDcurs in the progeny ot pregnant teaalea

trcotod durins tbc third week ot pregnancy (Alexander, 1968),

A poeoible explanation ot thoao reo11lt11 was advanced by

Kagoo {1969). The dovalopiJl8 ccbryo, o.t the otago when it 10

moat suacoptiblo to torntog�uooia, lnoka the aotabollc

capaai ty to decoapoao the ni troeODino, but at a lo tor 

atas� a�tabol1oa ot tho n1troaoa1no any oocur to yield 

suttioiant ca..rcinoaonic produoto to induce tw:iouro. 

'?ho new born rat 1a cap blo or aotaboliaing diaotl\yl­

D1t.roea1no during the first twenty-tour houra after 

birth (Leo and Bpencer, 1964; Torracini and ago , 1964). 
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ix. Inhibi tore of 111 tToea1111ne toxioit-Y •

.AJD.1noaceton1tr1le ha& been reported to provent

the inhibition of protein aynthoeio induced by d1mcthyl­

n1 trosamine (Fuico, 1964). Thio lathyl'ogcnio ngent 

partially prot�cto the liver agai.not the nooroe1s 

induced by the caro1nog@ (11\.uce, 1962). Injection of 

o.ninoacetoni tr1le dnily t'or 1;1.0 dayo before o.nd on the 

nace day ea dillotbylnitroeamine oboliohed tho inhibitory 

etrcot on protein eyn�b.oe1e. This ant�dotal otfeot on 

protein synthea1a was further studied �Y Uor.cr E! !!_. 

(1965) to found th.ut t.�o protootivo oction could be 

obtained �h:ln t�o a:lino ootonitrilo "as 1njoctcd 12-20 

lours bc:!'�rc the dicoth:,lni t,rooru:iir.:, but not .. non injected 

t o  hou before or o1uult&.noouoly r,ith the n1troacn1nc. 

A4d1t1on of OA1Douc tonitril to the ln vitro 

prop r t1ono did not t•ovcroc the 1nh1b.1 tlon. Tbo 

boha�iour ot trus in vitro syeten nno dotorninod by the 

origin ot the oicrooo ea o.nd ao 1n�cpondent or the 

eou.roo ot the cupornatant frnotion indi en tins 1.hn t tho 

ita oE both tho 1ntr ccllula.r injury nnd the rotootivo 

ttcct aro in t.ho c1croGO 1 port1oloo thuo con1'irc1nn 

�10 obo rv tionn of .ultin !!! n!, (19C,O). Pre-tra tcont 

s1th 1nooooton1trilo c.tJ.oo rca.uce tho reGpon c of tho 

icrooo,:1e0 trC:J the n1t.l'ou ..... 1nc liv 1• t.o the ddltion 

or oly u. 
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The authors interpreted their resul ta to imply a 

• etabil1aing11 etteot or aminoacotoni trilo on the

riboeoaal particle. Ju1mo and Rattia (1965) have reported 

that IUl1noacetonitrilo inhibits motabollsa ot dimethyl-

ni troslLlline. 

It hao been reported that a protein-tree diet 

protect rate o.gain.ot acute dimothylnitrosaaine poie�n1ng 

{Kclean and Vorschuurene, 1969). 'l'be LD
.50 

was almost

doubled and indices ot the liver damage show the same 

trend, D111ct.h7ln1troellll1no toxicity has also been shown 

not to bo enhanced b:, starvation and t here 111 crtdenoc 

of light reduction 1n the tox:1.o effects in starved 

an1111l11 (Mclean and Verachuureno, 1969) 1 Protoin-treo 

diet reduces the rate ot dimcthylnitrosallino aotaboliaa 

both 1n Ti To in the whole animal and in Vitro in liver 

al1ces (Bwann and llcloan, 1968), Tllo reduction ot 

4111cth7ln1tro•••tne toxioit:, attar feeding a prote1n­

troo diet aight be attr1buto4 to thia reduced Nlto ot

c.o.tabolla• in the 11 Tor. HowoTer, the failure ot DDT 

or phonobarbitono to roTerao the "no protein" otteote 

(lloloan and Voraohuurcm.o, 1969) euueate either that 

the rate ot diaethylni troouine •etaboliaa ia not 

attootod b7 thoae inducer• ot •ioro1ooal hydroX)'lnting 

enr.,ae actiTity or olao that liTor daanae dooa not 

depend on the rate ot d1aethylnltro1aaino aetaboltaa. 
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The t1r•t ••ou poaalblo though unlikel.J' ln •1•• ot the 

t-1nd1na ot Orreniue, n !!· (196,) that pl1onobarbitono 

lnjoot1ona lnoroaeo llloroeoul oxidation• ual.Dg 

41aotbyln1 t.roaaDJ.ne ao aubotrato, Tho aocond and •ore 

likel;y oxpl ruat.lon 1a t.bllt no1t.hcr tho rato, (Heath , 

1962) nor tho uount ot diaetbyln1troou1no aotabolleo4 

in the 11Ter 1a the prodoalnant tllotor in d1cath1].ni tro­

eaa1no 11 vor dacaso. D1w»th71D1 troaaDJ.no, otter 

conToraion to a toXio aotabol1 to ouch ao a carbon1uc ion 

ll\llt attaolt oall 1ite1 which boc:Q11c acoooo1blo, or are 

protected, dopomina on the pro..-1oua diet. "nlo nature ot

the coll alto 11 not olear. It haa not boon tihown which 

ot the MIQ' alterlltiona in the coll produced by teodin1 

a protoin-treo 41ot, 1e the one t�t hao prcduocd a 

protooticn ap1nat d111othylnlt rooanino (L1j1naty ll .!!,, 

1968). 

It hae boon coneidorod ap�roprioto at thia point 

to roT1 cnr tho oanoor 11 tuation 1n H11or1a in an a tteapt \ 

to turthor juet11'y the nood for th11 roaca.roh. 

Soiao ot the carl1cat ourvoy ot the incidonoo ot

cancer in Jl1ger1a woe carried out by Bnl th and Elcoa 

(1934) •ho reported a luao aorioe ot caaoa ot cnl1snant 

411oe1oe. 'l'hoy analyoed .500 t.u110Ul'e wh1oh had botm 

received and h11tclo1P,oall7 oxeainod at tbe Medical 
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Roaearch Inati tute, in Lagoa, over the eigbt year1 

prior to 1934. Their analy11s went no further than a 

claas1t1cation into morphological types and aooording 

to regiona o t  tho body, w1 th a abort note on age 

41atr1.butlon. Tb� to11nd that prlJlla.ry 11 Ter carcinoma 

bad constituted 6.4 peroent •nil tumours of �o female 

genitalia 6.8 percent and tu.Roura ot tbo Bltin 18.8 percent. 

8111 tb and El.Der a aleo recorded tor� melonolio 

aarcoaaa, thirty ot them boins situated on the toot, 

and ten oaeea o� 11tapoa1'a aarcou, 

'lboea finding& are not only valUAble 1nd1�tora 

ot the tuaoura seen 1n Bou thorn .,1gcri11 forty ;years ago, 

but provided at the INUle time a prev101r ot tbo present 

•1tuat1on.

no account ot the ffigoria.n situation appeQred in 

literature ap1n until 1947 when Elaoa and Baldwin 

po.bllahed an anal;yaia ot 1000 tuaoura diagnosed in 

Lagoa. fha period coYorad troa 19,5-1944, and the 

anal,7a1a waa once aoro baaed upon biopsy epeoii::.an.o 

acmt in trca all o•er the countey, Vi th the addition 

ot 11 numbar ot local autopay ouninat1ona. Thio oor101 

414 not 41.t"tcr cateriolly trca the oarl1or one 1n tcM1a 

ot t.ho relative frequency or the ajor trl)ee. 
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Once again, the prollinenoe ot PX'illlll'Y 11 ver oanoer 

in Nigeria 'ffBB a.pparont (8.1" percent ot the toto.l and 

celanoaa 6.2� percent. 122 ot the tw:ioure (12.2�) 

had been squamous ep1 thel1or.iae ot the ekin and the 

aesoo1at1on ot thie common tWllour with chronic log 

o\ccr:it1on waa noted. 100 oarcinoJ:UlS ot the teC111le 

senitolia. were diagnosed on the whole (utoruo, oTnrioe, 

vulva and T&gina, and oborionopithelioma). 

A core dotailed ourve_v wna oarried out by Edington 

and Koloan (1960-1963) in an attempt t o  aaeeee the 

inoidcnoe ot aelignant diseases in Ibadan, the then 

capi tnl ot Yi"8torn Nigeria. The r esult ot the ourve:, 

ahO'lfed hish trequency for the 1no1danoe of carcinoma 

ot the ll<rer, etoaach, oenix and breast; and in the 

oaeo ot liTer cancer the 1no1denoe waa m:uch higher than 

110uld be expected tor a aillilar po.l)ulation in American 

white &Dd non-wh1 te u.lea. 

In 1964, o. 0, Boey, t'ro11 the Regiona.l patholos, 

laboratory in laduM, llorthern Digoria, publillhed a 

brief e•Vl""lt7 ot the caeee ot cal1snant dieeaeo diasnoeod 

during the 7Nr 1963-1964, Thero had boon 296 m&llRNlnt 

tuaoura in all ago groupe in th1a 7oar, Tho cormonoot 

aQons thcoo wao <rarioue �· or akin tunouro (22,9 

l)Ol'OC!Dt), 
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Kallsn•nt lymphomas were nest in order or trequency 

( 19.8 percent.) and then carcinoaa or tbe breaet 

(5.4 percent). Liver cell carcinoma had not toatured 

largely in thie biopey eerie&, constituting only 2.4 percent. 

The cocnonoat torm ot molignnnt dioeaee in tbe age 

group O - 15 yea re wao Burkitt Twaour. 

Oettle (1964) 1n hi& report on the 1noidenoe ot 

cancer in Africa ude mont1on ot the incidence ot certaJ.n 

typce ot cancer 1D Nigeria. Aaong theee were c.ulticullular 

l:,uph01111, oeoopho.geal, Bladder and liver cancer. 

Incidence et cancer or the pen1o, ho claimed waa 

relativel.y lo'I'. 

F.4ington nnd E.aemon (1965) reported the ooo.rence 

ot cancer or the alicentary tru.et in Ibw.lan, Restern 

Rigcrie. Oeeophaccal cn.ncor wne tound t o  be rare, 
•

tbe relative trequenoy ot the care 1noi:ia woe only 0.4" 

in 1,920 tu.mourn recorded. 1'ho relative trcquenoy 

et the caroinom ot tho cto•ch in male• an4 ttrl leo in 

Ibadan we.a eicilar to the incidence expected in u.o.

•hi tee and non- hi to until asen ti tt7 and then 111

coneidcrably loan. r.o r oaoon could bet ad•o.noed ror thie 

1'alling ott in tho incidence or cancer in the older age 

groups. 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



- 42 -

Genetic and aooiologioal raotore (including laok or 

11od1cal care tor the ased) have boon oonaidorod but 1'urth&r 

wo1•k is required on thie problom boforo oonoluoione can bo 

rea.o.hcd. 

OdebiYi, T. (1972) in her 0W1oor rate aurvoy in 

Ibadan pationte rogiotorod at the University College 

Uoa»ite.l showed that an average ot 200 co.noor patients 

a year •ere adJ:iitted to the �oapital trom 1965-1970. 

Bho also recorded tho prolli.nonco ot carcinoma ot the 

liver, eto:ao.h and oesophagus. 

Froa the Tarious su.rvo,yo ono can oonoludo that the 

cancer typos ot c�on ooourrenoe in ?rigeria are liver 1 

cancer, oosoi:. <>--4eal onnoor, carcinomas ot tbo stomach, 

ok1n And bladder. 

SoTorn.l apooulntione have been made 1n an atteai,t 

• 

to account tor the aet1olos1oal taotorL ot iheao cancer t;n,ee 

1n RiE;oria. 

A caucnl rclotionohip hno boon postulated between 

a okins habit, (oa;oo1olly the ocoking ot loo ll� arown 

tobacco hich io loo oho.red :ind uood oa onurt) nnd lung 

cancer {MJ.ngton and J;.oocon, 19:,5). 

Drinltins baa boon llhcwn to be aero ocx::ion 1n 

oeoo_phngcoJ. oanoor 1)4t10JltD thnn in control aubjooto 

1n Ibadon (Dlinaton, 1963). 
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Hcirbel remodiee ue II till Widel.y uacd Jn K1ger1• 

&nd a poaoiblo rolationch1p bot eon thio habit and 

pet.ric caroino:ia hae boan opooulated. (DUneton, 1964). 

l'fhilat &pcoulutione o.nd correlation• or t.hcoo type• 

could bo auesect1ve or aome aetiological fictora ot the 

cancer t111Co in 11gor1 , thoro 10 o c11vo need tor the 

ootablialulent ot tho cnue;:i.!:1vo aaente 1n the onv1roni:ent. 
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CHAPTRR TtlO 

1. Tho yooal Alcoholic Boveraeee.

Plve local alcohollo bovoraseo coaonly consuaod

in Rigoria wore investigated, 'l'hoso are Pala Wino, 

which ie tho fel'llentod sap ot tho pala troo ( laloo qpp.); 

Burulcutu, a fermentation product ot aillet (Pennleotw:a app.); 

Pi to, a 1'1ll'mented beverage tro11 uJ.110 ( Zea pal$ ) ; Oti 

Agbngba, obtained t'l-om tho fermentation or ovoripe plantain 

(Musa aap1ont1a); and Ogogoro, a dietillod epirit troa 

Palm ffino. 

11, Palm Sap 

Thie io tho t'rolh untoraontod pal.a wino (Baesir, 

1962) collootod under eterile conditiona trca local 

palm tree• (Jlaiea gqineneio). 

111, Bt2r110 Jilter 

'rh.ie ii tho gallonklllll) PD-370 with aocoeaorioa. 

It wae ueed to get rid of the bacteria and t'ungi population 

in Palm Wino. 

1..-. Standard N!troaanino 

Six authentic ea.mploe ot nitroeamiJloo were prepared 

in our laboro.tory. These are: D1111�1-n1troollllino, 

Diothyl-nitroeaatne, Hltrooopiperidino, H-nitroeodibeneylaau.ne,
Diphenylni t?-oelU:lino llll4 lfi troeomorpholine, 'l'heJ •oro UllodAFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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•• reterenoe utoriale in the anal.yaie tor nitroauinea

in the alcoholic beveragea. 

v. Quicktit Diat1llat1on gote

Tboao wore unutaotured by .t. Galleok•ap and 

co. Limited, London, with the appropriate heating aantloe. 

Various eiiea wore ueed tor the varioue dietillation 

experi11onte. 

vi. Thin-film Rotary eyaporator

Oallonkamp, EU-100. 'rhio oquipcont wae uaod tor

concentrating oxtraoto. It io provided with a high 

vaO\lum pump and a thermoetirror aa a aouroe ot heat. 

vii. Thin-lftyer Chroinatograph1o Eguipmont

'l'hie ia the '\3hadon" unoplan typo, A complete 

outfit tor carrying out thin layer chromatographic 

experiaenta, deeisned tor uae with glaee platoa 20 x 20 cm. 

which can bo proceaeod in bat.oboe ot tive. 

Acceaaoriea: 

(a) Spreader

(b) Plate leveller

( o) Applicator.

(d) Plato Rack

(o) .Ul s].Aea aprny.
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The equipment wne ueod tor quali tativo and 

quanti tativo eet111ation ot n1 trosam1.nee present in 

the alcoholic beveragoa. 

viii. 8111ca Gelo.

Thie wae aanu.tactured by Uorak in OorJlllDY. It 

waa the adsorbent or choice tor coatins gl.aaa plates 

in thin-layer ch.romatogra:phic oxporimenta. 

ix. Oyon

Thie ia the Oallenka•:p-BS. The eQ.'Uipment ia

thormoatat-oontrolled and waa uaed tor activating 

thin-layer ohromatograJ)hic plates. 

x. Solyent Systems.

Jlexane-Ether-cli oholoroaot�

Hexa.na-Ethor-cliohdorometb.,,c

Acetone-Benzene-Pet. �ther

Ethyl Acetate - PctroleWII Ethetr

Carbon tetrachloride-dicb1oromcthane

Vollllllc by volume. 

41 3: 2 

5: 7: 10 

2:99: 99 

20: 80: 

31 2. 

Theee wore variously uoed in the analysis ot 

n1 troa•m1 no s on thin-layer 111& toe. 
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x1. Httroeo11no petoctor� 

(a) pteuaan111nn'• Repgentt D1phe01laa1De - Palladium

ohloride (a 41 1 m1xturo ot (1) 1.5� solution ot

diphen,ylam1no 1n ethanol and (2) 0.1,; palladiua ohlorido 

in O. 2% aal1no. 

(b) Orio•• Reagent: A 111 D.1xturo ot {a) 1�

eu1pbaf\il.ic ao1d in 30jS Acet1o acid and (2) a O. 1� solution 

ot a-naphtbylamino in .30� Aoetio Aoid. 

Xii, ln.trav1olot Loap 

Thie ie the �llonkaap LB-530, portable tN lamp 

with peak absorption at 254 JUI, 'l'bo laap wae used tor 

the detection ot nitroaaa.iru,e on thin-layer plates. 

xiii. ftpeotr9phot90etera.

(a) Porkin-�lmar W-137 Bpeo��ophotomotor

The ul.traT1olet absorption aharaotoriatic ot

the n1troaam1ne etandarda wore oetabl1ahed using this 

instrwnont. 

(b} PYe tfn!oam BP 600 

'l'h1B inatrument wao uaod in the quantitative 

estimation ot sorw:i protoina, blood eugarJ Urine 

Urobil1nogon, serum a)ka�ino phoaphateae and 101'\lll

glutaaio oxalaootato tranaam.naao. 
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(o) Pye Unicaa BP 500 Bpeotrophotoaetor

Thie inat1'Wlent waa usod in the quo.nti tati vo 

estimation ot nitroeuines present in the alcoholic drinlta, 

l!,itachi ija8o Apootrometer. 

Thio 18 tho R11U-6E model. It wao uecd to determine 

the molecular weighta ot tbo standard nitroo�atnna, 

aa a purity oheek. 

x1 v. The p;por111ental J.n1P!' la 

'l'hooe are l1tter=atce ot wb.ito albino rate imbrod 

1n tba de_part111enta.l. aniJal houao. Thoy wore uood to  

ae8888 the patbologioal W'l4 phyaiologioal proportieo ot 

n1 troallJllinoa. The wai�t rongaa were 145 - 15081 and 

99 - 102 s, reapootivelY, 

xv. Wotabolio Cages

Thoae are uda ot w1re-meah t o  houoo each rat 

aeparatel,y, and With tacU1t1a• tor separate oollcotion 

ot taeooa and urine. 

xvi. Reagonto and Egu1pmente tor H1atolog1oal Studies

(a) Jorcal Saline

Formal1ne 

Sodium Ch1or1de 

Water, to 

10 ml 

0.9 S• 

100 ml. 

'l'hie vaa used to tlx epociaen tieeuo8. 
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(b) Bth;,rl Alcohol

(1) 
(11) 

(111) 
(iv) 

;o� Ethanol 
70$$ Ethanol 
96� Ethanol 

1001' :Stbanol. 

'£hoao woro uaod to dob,ydrato apeciJlon t11euoe. 

(o) Paratnn 17.!A

P __, 111 
C.I, ,e.,. 00 ara •• �n ,.ax, a,p, 7+-ov 

tbo apeo1rwn t1aeuoe. 

wne u.acd to eabcu. 

(4) ,ax bedding OYen, 100°0.

Thie 1s the: Oal.lonltaap, HJ - 100; olootrionlly heated 

with twelvo embedding pots and a f'ittod nngl.e thonometor. 

It wae ueed ror embedding upooiaon tiaeuoe in wax. 

(o) Lu�cknrt'o L - pieces

Theae are two L-ahaped ptooee ot metal (braee) 

on a moto.l plate to 1'ol'tl an oblong. Thoy wore uood tor 

oaeting epooimon tioouea in paraffin wax. 

(f') M1no\ Kiorotooo. Leitz - 1212

'Elia inatrw:ont allows tor Tortic.al object movement, 

automatic object f'ood,and ie operated by a hand wh$Cl. 

It voo uoed for cutting thin uniform olioee ot epooimon 

t1eouoe embedded in parafi'in wax. 
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(g) Parattin Section �ou.nting atar Bath

This bath i& tittcd ,it.Ji a theraoatat to control

temperature bct,ccn 40° on4 eo0
c. Ii vao uoed tor 

flattening out pa.rAffin ex aect1ona betore 1U,unt1ns on 

aioroooope elides. 

(h) Olyoerin A1bucu.n

Thio wao uoed to fix aoot1nna on 111.oroecope elides. 

(1) XYlol

Thie chemical wao employed to remove wax f'rom

eeotione before ata1nn1ne. 

( j) r.hrlich' 11 AlWD Haon!l topl1n

Haecato;eylin 

Absolute Alcohol 

\'later 

Olycorol 

Olaoial Acetic Acid 

Pota11oiw:i ,Uw:i 

6 8· 

300 Ill, 

.300 al. 

.300 ml. 

30 Ill. 

in oxoe1111. 

Thie wall one ot the ataina uaod to ditter,rntiate 

the cellular organi11ation ot the specimen tiaeuoo. 

(k) 1:1 -.J.coholio joaJ.n

I:oein 

95� Ethyl J\1cohol 

1 S• 

100 ml. 

'Ib.18 was used tor the ouo purpose as in (3) above. 
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(1) Celestino Blue

Celeotino blue B

Olyoerin

Distilled ultcr

Th111 wae DJ.so used o.o a atain. 

(m) Canada Bnlefltl

0.5 S• 

14 al. 

Thia wao used to 110unt cover elips on

m10ro ecopc alides. 

(n) Slide DryJ.ng Plato

Thie ia tho 03llenkaap HJ - 620, olectric&lly 

hea tod with a emooth enacelled otool top ti ttod With 

a thoraootat giving t1S111pcrature control up to 60
°
c.

Thio woo used to dry mounted elides. 

(o) Microscopes

(1) 01,mpuo No�el JCHC

Thia aodel hao an inclined binocular hood rotablo 

throuSh 360° with interlocular diats.nco adjustable trom 

56 m. to 74 ma. The base ot the llicroacopc inoorporatoa 

a procentred 20W lamp. Vortioal �ovomont ot the at.ago

io by ooarao and tino tocuoing controls. TJ:uo 1.Dstl'Wllent 

wao uaod tor Vieu.al aooea6'lont or the cellulur damaged

1n4Ucod by the nitrooaw.noa. 

(ii) "Abi n1 POJ"

Thie io a photographic roseoroh lll1.or0s00po and wae 

ueed to take photographic icproaaione ot tbo cellular 
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daaago 1n4uoo4 by tho n1 troauina1. 

rr11. Compoa1t1on ot tho D1ota 

(a) Baaal mat

Buoroeo 

Caeaava Starch 

Corn oil 

lfon-nutr1t1ve oolluloao 

Salte 111xturo UBPXV

Vi ta111n Mixture 

(b) Teet pJ,pta

'l'be toot diets wore as t ollowa1

Diet Jfo. 1 o" Protein 

n 11 2 '" II 

11 " 
' 10� " 

" fl 4 15" " 

II n 
5 20,:° II 

It 11 
6 25� tt 

15� 

65:Z 

10:-: 

5" 

4,; 

1" 

(Protoin-troo) 

The protein was incorporated into the bo.eal diot 

at tho e�oneo ot tho 0a1111nvo. starch. llutritional 0a11ein 

was tho eouroe ot protein, The diets wero used to stud¥ 

the effects ot graded dietary protein levels on the 

tox1 ci tT ot n1 troaalline. 
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(c) Coapoeition or tho QBPXV Salt

Bod1wa chloride "Analar Grado " 

Potaaaium hlJdrosen Bulph&te "Annlr Grado 

Magnoaeiua aulphato (Anbydrou!I) 11 " 

CaloiUlll Carbonate II " 

JJorroue Sulphate n II 

Manpnoae aulphato II  II 

Z1no Sulphate " " 

Potaeaium Iodide " " 

Copper 8 ulphllto II II 

Cobalt Chloride II " 

(4) Comp�eition ot S:ht V1t-npjn Mixture

139•0S• 

}89. os.

51.,,. 

}SO.OS, 

27 .Og. 

4,0g. 

0.5g. 

o.8g.

0.47g. 

0.02g. 

V1ta•1n A 

V1t•m1n D 

Vitalllin B 

1000 International Un1.t (I,U.) 

1t>O I. U. 

Vito81n K (Monadione) 

Thiamine 

R1botlav1n 

Pyridoxine 

Hiao1n 

Oholln 

Inoe1tbl 

Para-8.Jlinobonsoio Acid 

Vitaain B12
l'olio Acid 

10 I.O. 

0,5118• 

0.5mg. 

1 ,011g. 

0.04,mg. 

200•1 

251118 

1011g. 

2mg. 

0.02llg 

0.2mg. 
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XYiii. Autol'lll tic llixer 

Thie ia the "Rotaaixer" type with peropex container• 

Which apina ao it rotatoa. Tho instrument w11a aado by 

Poreter Equip1D.Ont, Leicoator, England, It vao used t o  

ensure thorough m1X1.Dg ot tho ftl'ious diet preparatione 

used 1n tho tocdSng trials. 

xix. Grinding Kill

Thie ie tbo ''Diaintogrator-type" laboratory 11111

aizo 8" 11anufaoturcd by Chriaty Morris, Choli:iotord, 

England. It wao uoed to prooooo dried oaooava starch 

into 11 tine powder. 

xx. Ro11gentn tor petorninaUon ot Borug Protain

(a) Stock B1uret Reaaeni

Bolµtion A;,

Sodium Potneaium tartrate "Analar Grade 11 45g, 

0,2K NaOH 11 400 ml. 

Copper Sulphate 

Potaeaiua Iodide 

0.211 l'aOH, to 

Solution B. 

tt 

II

II

Potaaeium iodide, "Analar Orado" 

in Sodium hydroxide 

15&, 

5g. 

1 11 tro. 

o. 5;g

0.2N.
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(b) Working Biurot Reagent

Solution A. 

Solution B. 

50nl 

200111. 

u1. Reagent• tot" potorptnation ot eerue :a1l1rubin

(a)  D1a10 Reagent 'A' 

water. 

Bull)han!lio Acid 

Oono, HCl 

water 

(b) 011,0 Roasent 'P'

1,. 

15 nl.. 

to  1 l1 trc. 

Bodiua Uitrite, 0.5� eolut1on 1n d1et1lled 

(o) piazo Roa5ant WorkiM Bolutlon

Diazo Reagent 'A'

Diazo Reagent 'B'

(4) })1azo plank

B¥droohlorio Aoid

(o) Benzoato-Oroa Solution

BodiWI bencoate 

Urea 

D11tilled Water, to 

5 Ill.

0.15 1111. 

1-5� {"1 v) in
dietillod 

water. 

10 S• 

10 S• 

100 Ill. 
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{t) HethYl Red Qtandard

{1) etook §tapdard. 

lleth1l Red 0.290 I• 

100 al. Glacial Acetic Acid, to 

(11) Worldns otandcird

Btoak standard 1. 0 al.

Olaoial Acetic Acid "Anal.ar Grade" 5.0 Ill.

Bodiua Acetate II 

\later, to 

" 14.4 g.

100 Ill.

xx11. Reagon ta tor Hatim t1on ot Blood sugar

(a) Iootonic BodiWII Sulphate-Copper Bulphate Solution

(b) 

(o) 

Bodi ur.1 Sulphate cryetale 

Copper Bulpha te 

\fater, to 

BodiUll Tungatato 

Bod1UJI TUngetato 

11ater, to 

AJknline Tartrate 

II 

crystal.a 

"Analar Grade" 3()g. 
n II 6g. 

1oooa1. 

"Analar Grado" 10g. 

100ml. 

Sodium Potaeeium Tartrate cr,1etale "Analar 
Grado" 12g. 

Sodium Oo.rboDAte oryatala "Analor Grado" 20g. 

BodJ.W!I Bicnrbonato " II II 25g. 
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Potaeeiua Oxalate 

Watol', to 

(4) �aeno-.19lybdate

18s. 

1000ml. 

Amunoniu.m 11olybd11to oryetal.c "Analal' Grado" 50g.

Y,ater 

Oono. l¼B04
Areeno-mol,ybdate 

{e) Btook Olucoao Solution 

Gluoo11e "An.al&?' Grade " 

rtater 

(f) orkin� Gluoone Oolution

Olucoee "Analar Orado" 

Baturatod Benzoic Aoid 

" 

900Jll. 

" 112ml, 

6g./50 al. 

1000 mg. 

100 al. 

1000 mg, 

100 al. 

xx111, Reagento tor Al.k•l1nc Pboephatlloe Dotori:aination 

xx.1v. 

(a) 0,5M glycine butter, pB 10,5J 0.0005. uge12
(b) 0,5K glycine butter, 1B 10,5; 0.0005K, ug012,

0,0055W ni trophe.eylphoephate, eodium eal t. 

Reagents tor th� Bet1pation ot Urine Ul'ob1llnogen 

(a) Satur�tcd 89diun Aoetoto.
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(b) 11lrlich 1 o Reagont

Paradimothylar:unobonzaldebydo "Analar Grcde" o. 7g.

150 Ill. 

100 ml. 

Con. Bydroohloric Acid 

fiater 

(o) 10! Barirm Chloride

Barium Chloride "Ano.lnr Ora.do"

nator

" 

(d) Stock Btl!lndllrd

(1) Pontaoyl Caruino 2B

J,cetic Acid 0.5%

(11) Pontncyl Violet 6R

Acetic Acid o. 5 

Pont4ofl Caraine (Solution 1) 

r.oattc �oid 0.5�, to 

( O) ,ror)tins 8 to.ndai,\

Stock Standard (d) 

Acetio Aoid 0.5�, to 

xxv. Reagen to 'tor 800-'1' Dotermlnotion

(a) QOQ-T §ubotrato

a - aepartio Acid

a - koto-glutuic Aoid 

in 0.1.M phosphate bu:t'ter at 

,,

10 g. 

100 ml. 

100 S• 

SOO ml.. 

0.095 S• 

till dieoobt: 

25 l'lll.

1000 ml. 

10.2 Dl. 

100 ml. 

200 all 

85 ml. 

Pli 7.4, 
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(b) l;hrllch'o Rcagont

Paradicet.hylnainobonzaldehyde •Ana1ar Orndo" 0.7g.

Oon, l{Ydrochlorio Acid 

water 

(o) jO� Bariua Chloride

Bariuri Chloride "Aoalnr Or de"

ITa.tor

( d) A tock B t;andnrd

(1) Pontaoyl Canine 2B

,t, oet1 o Aoid O. 51' 

(11) Pontnoyl Violet oR

Aoetio Aoid 0.5�

" 

Pont.:i.o¥l Ca�a1ne (Solution 1)

Lcattc ,cid 0.5�, to

(o) 101•.1ting BtandArd

8toak Btlll\dard (d) 

Aootio Aoid 0.5�, to 

xxv, Reaganto tor eoo-T Dotemint.1tion 

(a) BOQ-T Bubotrate

a - aapartio Acid 

a - 11:eto-gluto.rio Aoid 

in 0,lJ( phosphate butter at 

n 150 Ill, 

100 JIU, 

10 g. 

100 al. 

100 g. 

500 ml. 

0.095 g. 

till dieoolle� 

25 ml..

1000 ml, 

10.2 w.. 

100 ml. 

200 lllil

85 al. 

llH 7 .4. 
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(b) g 14 Dini tro :f!!on.ylhYdrazine Roagan:t

214 dinitrophoeylhydrazino

Concontra tod Hydrcohlori c Acid

iiator, to 

(a) 0.4li 80diu1:1 ll,ydroxido

80111 WII Hydroxide

Viator

(d) Aniline OitrRto Reagent

Oitr1o Aoid

Wntor

Aniline

( o) lf/15 Phoapba to Buffer pH. 7. 5

Bodiu.n phosphate {c.nhydroue) 

Potaaeium Phoephato (anhy4roue) 

Wator, to 

ll.Yi, PB Mote,: 

Thie 1 o the portable aodol No.6877 "Doran" 

200 mg. 

85 llll.. 

1000 111. 

16 g. 

1000 al. 

50 g. 

50 ml.

50 0.1. 

7.95 g. 

1, 5 g. 

1000 Ill. 

pH motor udo by Doran Inetru.monta Co. Ltd,, Gloe, England. 

It ie equipped Vith a oalomol olootrodo and waa uaod t o  

dotoria!no tho pH 01 butter aolutiona.
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xxv11. Ant1biot1co 

Irco111Yoin eulpha.te, tctrnoycline hydrochloride 

and bnoitracin aulphatc wore purohD.aed and used ror 

the nnt1biot1o trentment ot the oJq>erimental rato. 
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1. Preparation ot R1gerin's local alcoholic beverages

(a) Ptllg J!ine

Palm wino 18 the tormented eap ot the pa.lm tree. 

There are two main 80\ll'oea ot pnl.m wine in ll1ger1a: 

(1) The tcrm,ntable oap ot the Raphia pal.ma among whiah

.B• v1n1tera and R• booker1 are very popular. 

(11) The termentable aap ot the Oil palm, F;l,!11eo gu1nenata.

1'.tle prooe88 ot caktng palm wine atart8 with the tapping

ot the pala trees. The trees are tapped errect (tappina ot 

the tclled tree 18 now obaolate). The 11athod: ot tapping 

18 deaoribed a8 either "1nt1oresoenoe tapping or "8tem 

tappinS- 1,e. tappina at the baae o t  the 1:1ale 1ntlore8cenoe 

1n the tol'ller case or tappina at the baao ot tbo terminal 

bud in the latter oaae. 

The pala treo ie cleared o t  the older lea't'e& to expose 

the point ot tapping and a trianaular hole 1a then cut 

either at the ba1e ot tho aale intloreooence or at the 

• tea a 11 ttle •11.1 balOlf the tel'llinal bud depend 1.ng on th11

aotbod 1n mind, 'l'hio hole 11 roughJ.¥ about an inch deep 

and the area 1a enlarged •• tapp1ns progxooa8ee, The 

aap etarta to oo&o out after about 24 - 36 houra. A tunnel 

Which 1nTnriably 1a aado o t  baoboo io t.hruated into tho 
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inoieion and the other end ot it le tittad into a oollecting 

veeeel which could be a gourd alntxed to the tree by a piece ot 

rope. 

The aap 1• inoaulated naturally by yeaet cells which 

accumulate in millione in oxudatea on the tlower atallt. Thoae 

tungi have been shown to bo moatly Bacoharo&cee cerei,e1ae and 

8ch1zoaacoharovoee pombe, (Baea1r, 1968). The aap 1e con-

t .. inated with bacteria ae it dropa from the 1noiaion. Tbe 

bacteria moat coaaonly tou.nd are Laotobacillua plantarua and 

teuconoetoc peaentero1dea. The b1ocha:i1cal activities ot

theae llicroo:rgnn1ama resulting in the tomation ot paln wine 

hae been atudied by Paparuai ( 1967), 

At each Ti.Bit to  the palm tree, tho tapper alightly 

�nJa�aea the hole with a peo-knite 1n an attempt to clear the 

hole ot mucoid eubatanoou which tenda to block the xylem 

Yoaaela tro• which the eap procaode. A tree 1• uaually not 

tapped tor aoro tllAn 12 daya. 

(b) Ot1 Am,agt,a

!be aa1n ingredient• tor the pro_paration or thia alcoholic

beYorago 1a plantain (i,µaa aap1ontaa), 

Ver-, so.tt and oYeriped plantains aro peeled and the "tloah" 

11 chopped into mlllll bita awl placed in nn earthen wuro 

pot ot oon'fcnJ.ent aiae. Bocc (lround red pepper ia added and 

water 1a poured in to uoek the content ot the pot. .After lliXlDS 
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thorouahl.Y tbo pot ie covered a.n:1 allowed to stand for 3 - 4 

daye, at the end of 1Jhich tht- content ot the pcrl:.. is tiltered 

and a neet st111U.lating aloohollc drink is the product. 

The tormenting o:rpninms o.re not known but 1 t 10 olail'lled 

that the pepper helpe to give the drink a oharp taste. 

(c) Pi to

P1to 11 a fermenting beverage trom maize, sorghum or a 

111:xture of both. It 1 a an important food in the llid-woetern, 

\'leatern, ,eat-centro.l, Benue Plateau and llorth-Contral Btatoa 

of lligeria. 

A widoaproad procedure for the preparation ot th1a 

alcoholic boverago among the people is to wash and soak the 

cereal grains employed i n  water tar 2 days, after wbioh 

they are ul ted by leaving tor i.'1 ve da;fs 1n basket a lined 

vith aoiatcned banana leaves. 'l'he lillllted srains are ground, 

aixod ,::ith water and cooked. Tho ueh is allowed to cool 

and ie filtered tbrousb a tine moeh basket. 'rho residue 1e 

used 110 animl. teed. 'l'ho tiltrato 1e thc.n lei't, uaunl.17 

overnigbt, until it taetea sour. It 1a then oonccntratc:d. 

b7 boiling. A i;aall quant1 ty ot t.ho "starter" (eedicent troa 

a prCYiouo brn) la added to the ooolod ooncentrllt.e o.nd lott. 

overnight. The product 1• pito, n dark-brown liquid with 

t.aetc varying t'rom neat to bit.tor. Bocc detailed otudy or 

tho 'bioohe:iical aot1vit1es of t.he teMl ntins orfllll\1ou ha• 
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been carried out by Eltundayo (1970). 

(d) Ogogoro

Ogogoro ie a distillation product ot pnlm-w1ne. 

'lhe trcah palm wine ne brouph t down from the palm troe 

ie ieediatoly f'iltered into o. clean gourd and ia ell.owed to 

ferment tor 2 d.a7a or until teraontotion is complete. The palJD 

wino io then emptied into a la.rgo drum - UBually the 44-gallon 

c1rw:i - if production ia an a l.ax,ge scale. The brew ia then 

die tilled troa the drum over a tire. The tube a used 

tor tliet1llation and oondenoer eyatcm may be old 0111• exbau.at 

p1poe, water pipes or o.ny othar convenient form ot pipe 

llTa1lable. The condenser io imeroed in a water bath which 

can be eaptied nnd refilled when the vater aete we.rm. 'l!he 

other md ot the candeneer 10 placed 1n a tunnel on a collecting 

veaeol. To get a rousti idea ot the otrength ot the ep1r1t or 

when to atop tormentat1on a piece ot cotton wool ia \l&cd a t  

inteMal.a to collect 00110 ot tho cliat1ll.ate. 'l'hia 1 a  1SD.1ted. 

and t'roc the colour or tho tlaae and rapidi t7 ot burning the 

brnor ••koe hie docie ion. 

Tbo product or d1et1llat1on, vh1o.h 1 a  onllcd Oao£oro, 1e a 

clear l1qU14 with a po crtul trui� odour. 

( e) BUl'Uku tu

.Bu.rukutu 1• an alcoholic bcvoraac cade tram e;uincn oorn 

pain• Csor,onu, nllgero> • 
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7, dey&. 

11. Preparation of N1troao.m1nea.

(Aocorcling to Vogel, 1968)

(a) ID,methy)&1. tro&M1ne

A 100 Ill. distilling tlaek waa ti tted w1 th a oondenaer 

for d�wnwll.l'd diat1llation. 50 g. of d1motbylamino bydrochlorido 

waa diaeolvod 1n 25 ml. ot water nnd dilute sulphuric acid wae 

added until acid to oongo red papor. The l'l!IBul ting solution no 

placed in the dietillina tlaok and a solution ot 45 g. ot pure 

aodiwa nitrite in 50 ml. of hot water wna udded. Tho mixture waa 

distilled rapidly to drynooa. whon tho nitr0Pa11Sno paaaod over 

(althouab 1 t waa not v1e1ble aa a oeparato layer) togothor with 

a 11 ttlo of tho baao aa d1methylam.1ne nitrite. The lattor waa 

roaoTed b7 redlatillina tho diatillato With a �ttlo lllOre dilute 

sulphuric acid • ...xceao aolid potoaoiu.m co.rbonato vao added to 

the diat1llate to aoparate out tho nitroeaaine which appeared 

ae a yellow oil, Thie waa aoparatcd and treated With 11oro 

aolid potaaa1WII cu.rbonato until no turthor aot1on occnn-od, 

Finally tho liquid waa dried oTer treah �dro\la potaac1un 

carbonate in a amal.l tlallk. The liqUid ••• thon d.latilled tz-oa a 

100 al. tlaok and the diaothyln1troaooino vao collected at 

150 O - 151 o C,

(b) Rl•P!Jlnltro�a \D!
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(b) �1ethyln1troeam1ne

50 ml. of dietbflo.mino wae odded elovl;T to n calculated

qW\nti ty of carerully eto.ndardieed 5li-bydroch.lor10 ocid cooled 

in ice. Tues eolution ot the hydrochloride woo introduced into 

a solution of 39 g. or eodium nitrite in 45 ml, ot water and 

diatillod rapidly to dryneoa. 'l'bo yellow uPl)er layer of the 

n1 troe&lli.nc wa..e aeparntcd trom tho diatillatt. '!ho aqueous 

later w�e eaturo.ted nth ool1d potaoaium c .rbonnte and the 

n1 troauino tzbich a eparatod r,aa rcoovod and ndded to the main 

product. The lot wao driod over o.nhydrouo potassium carbon.a. te 

and red1otillcd. Tho dicthylni trooam.no vae colleoted at 172° o. 

( c) l!t:N trooop1porid1 ne

'Duo wao pre�cd following the -procedure doocribed tor 

diet.!lflnitroea.minc uaJ.ns p1perid1no in place ot dieth,ylalline. 

(d) Dtp;,,.p.y:Lni troeuune

8.5 g. of pure diphenyl.Uine nae 41oeolvcd in 70 al. of 

�ara alcohol. 4 g, ot eodiua nitrite wao diaaolved in 6 al. of 

water. r.c ,olution wna oooled in 100 until the tcnporature 

tell to 5°<... 6 al, ot cone. hydrochloric 0014 waa added alowly 

with at1rr1na to tll� diphenyl.ulnc solution and 11!1:llediatcly the 

a0d1WI nitrite aolut1on wae poured rapidly into tho woll-atirred 

aixture. The d1phen,ln1 troeamJ.ne cryatalltaod out na 

the teaperature roe� to 20-25°0. Tho mtxturc e cooled in toe
water tor 15 - 20 m1nutea en4 as tiltcrc� throuii)l 8
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BuchJlor tunnel, washed with water to remove

and pressed well with a wide glass stopper.

eodl\1111 chloride, 

The diphenylni tro-

saaino was receystallised trom oet}lylated spirit. Pure pale 

7ellow crystals ot diphenylnitrosaaine oro obtained. M.P. 68°00 

(e) Kitrosodibenr;vlamine

D1benQ'la11Jno hydrochloride was used in place ot D111u,tby'la­

lline hydrochloride and the procedure tor the prepa.ra tion ot

diaethylni troealline described 1n (a) was tol.lo11'cd. 

(f) R-nitronoDOl'Pholine

100 al. ot 11orpholirut was added slowly to a calculated 

quanti t1 of caretul.17 standaJtdised 5R-bydroohlorio acid cooled 

in ice. 'lb.a eolution ot the bydroohlorlde was introduced into 

a solution of 76 g. ot sodiWII nitrite in 90 Ill. ot water con­

tained in a 250 al. diatillill& fl.aek. The mixture waa distilled 

rapldlr to drynaea. 'l'he yellow upper layer ot the n1 troaaaine 

wa, separated tr011 the dietlllate. The aqueous layer wae 

saturated with 10114 pota111ium carbonate and the nitroeaalne 

which aeparatod waa reaoved and added to th e  main product. The 

lot waa dried over anbydroue potaaelum carbonate and diatllled. 

The N-nitroaoaorpholine ••• oolleotcd and stored in a brown 

bottle. 

The �nthe1ia ot authentic aaapleo et nitroeaainaa hna 

been succea1tully carried out rroa &'f&ilable lUl'i tf choch 

uaing ••rioua 1olvcrnt 111t1a1. The reaul ta obtained 1n the 

u11 epoctrua and ultraviolet oboorption epeotrua or the 
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n1 troauinea supplied additional evidence tor their purity. 

Theeo roeu.l ta were in agreecon t • i th thoae ot other work ere 

cited in literature, (Vogel, 1968, Razeldine and Jan4er, 1954, 

Druckrey !! !l· 1967). 
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R1' Value• or \he prepared p1tro1am1noa in Variqy• 
BolYent sx1to11• 

n-lloxano Dlo�l Ether DiohlQroae-
thane 

Ni tro11all1ne1 41 3t 2 5: 71 10 10: 3s 2 

D1m&tbyln1 tro 
aniline 0.24 0.35 0.12 

Diothyln1 tro-
eam.no 0.48 0.55 0.25 

D1ethyln1 tro-
BIJIUDO o.80 0.82 0.60 

Diboneyl.ni tro-
It.mine o.65 0.92 0.63 

,ii troaomor-
phollno 0.40 0,47 0.22 

Hi troeop1por1-
dino 0.63 0.52 0.24 
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Ultraviolet abeorpt1on epectrua or the prepared D1etbyln1tro-
1aaine ahowing ab1orpt10n peak; 1n ethanol . 
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Ultraviolet abaorption epeotrua ot the prepared Nitroeopipe­
ridine ahowina abaorption peak1 in ethanol. 
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Pia. 12 

Ultraviolet abaor»tion epectrua ot the paeparod Hitroeoaor­
pholine eh.owing absorption pealta in ethanol. 
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Pig. 14 

DotcrlLination of' the colecular veiBht or the prC'l)a.red 
D1et.h1ln1troaaa1ne u.eins the aa•• apectroaeter. 
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P1g, 15 

Deterllination or tho coloculnr ot the prepared 111 trooop1pe-
01no ue1n6 the llano Bpoctroneter. 
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Deterllina tion ot tho aoloou.lar wo1snt or tho prepared 
111 tro10aorphol1ne eu1l1 t.he Waae Bpcctro:.oter. 
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i'ig, 17 

Det.eraJ.nn t.lon of the riolt,e1,l...r wel gh t ot t.be prepnrC1d 
D1benQ"ln1troean1no uoing t.ho Hneo Bpcctro�stcr. 
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i'is, 18 

DetliNlutlon or the aoleaular wo1sbt or the prepared. 
Upen.,}uvo,e•1N ullina the Ill••• Bpeotroaeter. 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



- eo -

111. jlocover1 of kno1'1'1 aaounto of 11! troooo1no o.dtled
to (a} water, and {b) Pal� wine. 

(a) calibration ourvao

Solutions ot di£etbyln1troeuuna 1n water ll'ere prepared 

into nine 10 Ill. volw:1otrio flaall:e, euch that the strength of 

the eolut1one were 5ug/1!1.l; 1oug/c.l; 20ug/m1; 25ug/ml; 

30 us/al; 35us/ml; 40ug/llll.J and 50ug/ml.J roapaot1vely. 1 ml. 

or each of theeo atock eolutiona was placed 1n a teat-tube. 

0,5 al. of 5� Na2co3 
wna added and the aixture wna irradiated

for 15 ainutea with UV light at 230 D.111. 3 al, ot gr1eae 

reagent waa added and the mixture waa allowed to atand for 

15 a1nutoa, atter which the optical dena1tiea o� the various 

aolut1ona wore recorded at 525 nm. ua1ng the ap 600. 

1th d1phenyln1troaaJUne graded concontratiorus were 

prepared aa above With methanol. 1 al. of each atoak solution 

••• placed in a teat tube and treated with 0,2 · «a2co3 in 80�

aet.21anol in water. Thie •a• rollowed by 15 ainutea irradiation 

artor which 3 al. of gr1oaa raaaent vaa added. Ttio a1xture 

na allowed to at.and !or 15 ainutaa JIJ\d the optical denaity 

waa recorded at 525 na. In both oaaea (tor 4imoteyln1troaall1ne 

and. diphan:,l.nitroaaaino) the var1oua optical dano1t1ea were 

plotted apinat the concantrat1ona t.o obtain tho calibration 
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(b) OonttmiMtion or ,rntor tlnd Pnl vino 111th known
ppnuptc 9t lf1troonu1neo

Btand8.l'd oolutiono of Dimothyln1 troeoe1ne in water 

containing 10 u(f/ml. 2oug/al souf/ml. 1ooug/al. 500ug/al 

1000ug/al reopcotivel,y wore propored in aix 50 al. volW1etric 

tlaako. 

One Ill. ot each otandard aolution waa added to 1001111. of 

distilled �ater and 100 ml. � Palm wine re'l)eotively, to 

contaminate the water and Palm "1ne with 10 ug/ml. 20 ug/ml. 

100 us/al. 500 ug/ml. and 1000 ug/ml.. d1cethyln1 trosamino 

retpeoti vely. 

'rhe above cont•ain.o.tion waa repeated uains D1phenylnitro-

au1ne. 

(o) J\n!ll,Itiotl prooeduron

'Iho anal:Tt1cal procedures employed tor the recovery 

ot th.ooe mown 111110unta ot nitroominea trom water and pa1m 

wine are deaoribed in aectioM 1v, v, and vi ot this chapter. 
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1 v. Rxtrn.gtion nrocpdurop t9,r p1tr9sogin.90 in tha 
nlcoholic boyol"Ogoa 

(a) Ec;t,ro,,ction of volatile wator-oolublo 111 troannineo

1000 ��. ot t.ho alcoholic beveraso oo.aple (oxoopt 

ogogoro) wore mixed oare1'ully with 20 Dl. ot ethanol and tbe 

lllixtw•o waa tranatorod into a 3-li tro round-bottom quiokt'i t 

tlaalt. Bu.tt101ent ooll4 lloOH waa addo4 to 1111.ko the liquid 

0,2R 111th roapeot to thia roasmt. Ooing a few glaoo bends 

to prevent b1111pins about ¼J'd ot tho original volwae ffllo

d1ot1llod through a eplaah-hoad and Liebig oondoneer. The 

di etllla te waa collected in a graduated tuba cooled 1n 

an loo-bath, oara being toll:c,n not to let tho diotillnte 

t'rcczo aa thie inoreaeee the rlak 01 losing ooma 

nJ.trosaai�a by rc-eTaporation. 

A aeoon4 d1at1llat1on wne carried out troa o.n 

aoid mcdiWI by aaking tho diotillnto from abovo 0.2Jl

with roapaot to oulphurio acid. 

'lhe diat1llat1cna ware carried out at at1soaphor10 

preeaure and the temperature ot the heating mntle wna kept 

at 110° 
- 180

°
0. Attar oaoh diot1l1nt1on the oplanh-bead 

and oonden.eer were rlnaed into the receiving tlaelt 111th ator. 

The diat1l1ate colleotod wae treated with aolid 

pot�oaiWI carbonate �ith oooling. 'l'ba neutral oomponcnta 

that aeparated out (the bulk or llhich 1o othft.nol) wae 
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iv. BXtragtion nrocodurqp t,o,r Pitrqaaminee in th�
nloohol1o beyero.gos 

{�) .nrgction of vo)btilo vatcr-oolublc llitroeruunee 

1000 ml. ot the alooholio beverage aa�le (oxoept 

ogogoro) wei-o aixod carefully- with 20 ml. ot euanol and the 

Dixture waa tranat'ered into a 3-11 tre round-bottom quickt'i t 

tlaak. Buft'icient aolid noOR was added to make the liquid

0 .2rr r.1 th roapeot to this reaaent, Uains a few glnoo beads 

to prevent bUllping about ¼rd of the original volwao woe 

diat1lled throusb a splash-head and Liebig oondon.eer. The 

di stillate wna colleotod in a graduated tube oooled 1n 

an ice-bath, oaro being tokon not to let tbo dist1llo.to 

trcoco ae tM.e 1noreaoos tho rillk or losing aome 

nitroaa.lline by re-evaporation. 

A eocond diotillotion wao oarriod out from nn 

acid oediun b)' uki-ns tho diotiUate trom above 0.2H 

with roap,ct to sulphuric acid. 

'tbo diatillationa were oarried out at atmospheric 

preaeuro •Dd the temperature ot' the boating ao.ntle was kept 

at 110
° 

- 1eo
0

o. Arter eaoh d1et1Uat1on the aplaoh-head 

and oon4enaer were r1need into tho roce1v1ns tlaek with water. 

The distillate collected waa treated with aolid 

pot�eeiu.a carbomte vith cooling. 'l't.o noutrol oompononte 

that aeparatod out {the bulk of which i n  othanol) wn• 
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recovered in  a separating tunnel and the aqueous ia.,er was 

treated with aore solid potaaeiua carbonate until no tu.rther 

aotion ocOUll'od, The neutral layer wae removed and added to 

the •in produot. Pinally the lot wae dried over treBh 

anhydrooa potaeoiWI carbonate, Nltored through• sintered 

t'tinnttl and concentrated under vaouua 1D a thin-nla rotary 

e�aporator at a temperature below 37°0. '!'ho nitroeaainee were 

extracted trom the concentrate with aetbylene chloride. 

(b) )txtraotion ot Non-volatile water ln-aolubl�
lfitroe11.11inee.

1000 Ill, ot the aloobollo beverage eupla were 

llixed thoroughly with 200 ml. ot pure ether. 'the other 

oxtraot wae Noovarod in a • oparating t'wmel and til tered. 

The tiltro.to was shaken with 20 al, portion ot 5" aqueous 

naoe. The reeultins alkali extraotod ether solution 

wae waebod with 20 m.l. diatilled ••tor. The ether 

eolution ••• recovered and treated with 20 al. ot

s·" HCl, The ether layer wae retained, dried with 

anhydrous ••sno•lum sulphate. 'ih,e ether ••• distilled 

ott and the residue wae extracted with diohloromethano • 

., • Thin-lyor O);ll'OD&to gaph.lo MAlya19 

(•) Prepnration ot thin-lax.er ohrocmtosraphio platen 

Stahl' a technique tor preparins thin-layer platee 

wae adopted. Bille& sol O waa tho adeorbont ot choice 
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and glaaa plates (20 x 20 cm) served ne the t'irm 

&UpPort. The gla&s plates were waahed with water nnd 

a detergent, dra1n.od and dried and subjected to a 

tinal. waah ·,.ith acetone. They wore then arranged on 

a unoplan instrucent tbr coating with eillca gel. 

60 grams of silica gel wae ma.do into a elurr7 

by shaking tor about a minute w1 tb 120 1111. water. The

elu.rry was poured into the apreader on tho unoplan and 

coating wae accomplished by pulling the spreader 

(0.5 en elit) aver the glaea pl.a.too. U'ter coating 

the plateo ore allowed to dry in air tor 20 minutes 

and wore activated 1n an oven at 110
°

0 1:cr 2 houra. 

(b) Jhmning

A •tarting lino waa 011.rked at the edse ot the plate 

•1 th a sharp pencil and t.ho 1'1n1 obing lino was drawn

r1S)lt acroea t.he plate (the pencil romovaa a t'ine lino 

ot adaorbont down to the sl,asa, llDd. the eolvent tlow 

ie forced to otop when t.ho solvent tront reach.ea the 

lino). The odgoa ot the platoe Jore rubbed oloar with 

a piece of cotton wool, before opotting, to a width ot 

about 0.5 oa. to slvo • sharper edso to the a�eorbent la7er. 

The toet eolutlone were spotted on the thin-layer 

platoe alongside standard nitroeaaino solutione in 
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and glass plates (20 x 20 cm) served as the ttrm 

support. The slaee plates were washed with water and 

a detergent. drained and dried and subjected to a 

:tinal waah with acetone • Thay wore then arranged on 

a unoplan inetruoent :tor ooating w i th  a111oa gel. 

60 grana ot oilioa gal wae made into a elurr1 

by ahak1 ns tor about a ainuto "1 th 120 al. water, The 

slurry was poured into the spreader on the unoplan and 

coating �as accoJllPliehod by pulling the ep:roader 

(0,5 mm slit) over the glaaa platoo. Mtcr coating 

tho platoo wero allowed to d:ry in air tor 20 minutes 

and wero activated in an oven at 110
°

0 tar 2 hours. 

(b) Rwuuns

A starting line wae marked at tho edso ot the plate 

with a aba.rp poncil and tho tiniebing lino waa drawn 

r1Sht aol'O ee the pla to ( the pen oil roaovee a tine line 

ot adaorbent down to tho glass, and the eolvent tlow 

ia toroed to otop when the aolvont front roaohea the 

line). The odgoa o't the plates wore rubbed clear with 

a pieoo ot cotton wool, before spotting, to a width ot 

about 0,5 ca. to give a sharper odga to the a�aorbont layer, 

The teat aolutiona wero spotted on the thin-layer 

plates alongside standard nitroaaaine aolutiona in 
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diohloromothan� ue1ns a micro-pipette. The apote wore 

arranged about 2 om. oantro to contro and 1n4i T1dual 

apott1Jlg poaitione wero noted. 

Viben the apoto have dried t.he platee wero placed 

vertically in a eu1 table tv.nlc TI i th their low or edgoe 

immoreed in tb6 eolected �obilo pbaeo (lloDJ1e-diotbyl-othor­

<llobloromotbano 4: }: 2) to a depth ot 0.5 - 1.0 om. 

to obta1n nn ascending ohromtograpbio ooparation. 

At the and ot the run tho oolvont wae o11owed 

to eTaporate rrom tbe pla to. 

(o) Location

Location ot tho nitroaaaine r1oh apota on the 

plate wae by tho methodo ot Daiber and Pro .uei,w•nn ( 1964) 

and Preu•emno !!! al. (1964). The detector• uaod were 

ae ero111"t"ated 1n chapter 2, eeotion n.

(d) Ident1t1cation of tho m.trosapinee

Tho nitro�nainoa 1D tbo extract& voro idontifiod 

with roopoot to tbo poaitione ot tha etandarda on the 

BQJY plate. T.ho Rt' valuoe tor each nitroaamino vae recorded. 

vi. Quantitative ia�1a�t1on ot R1troeam1no Praot1ong

The toot oolutione wore aoparatod into oompononte 

on thin-layor ohrocstographio plates. Applioationa ot 

the teat eolut1ono tor tbia purpoao wero in band.a. 

Uaing the Rt valuoe obtainod in the provioua oxporillont 
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ae �ide, tho n1 trooaminc rich blllldo wore ocraped ott 

and extracted with cetb,Ylene chloride. 

Quantitative oetimation of the nitrneam1nee wae 

by t.he colorimetric method of Daiber o.nd Preueamann ( 1964).

The determination wae oarried out by treating the 

oxtraoto ae stated in section 3 tor the stock solution 

and reading the abaorbo.noe on BP 500 {apeotrophotomoter) 

at 525 nm. The oorreepcndi.ng concentration we oatiaated tl'om 

the calibration OUM'eo prepared. 

vii. Dosing ot Rnte 'rt th ,,1 trooamnoo:

Solutions et tbe appropriate Ditroeamnea were

made in water auoh t.bllt each contained 500 ppm. 200 ppm, 

100 ppm, 50 ppm, 12, 5 pp11 and 5 p1)11., ot the Di tro11•mine 

respective�. The conta•1nnted •nter wae then eei-ved 

to the rate •• their drtold.ns water. 

viii, 1I1atopathological Studies 

(a) Fi?�1on ot epgcimon tiap:µeg

Tllo tieauee tor h1etolog1oal (litnci1nat1one were

caretull,y diaeocted out and out into convenient pieces 

{7 1111. thloJcnoee) tor fixation. Vor:sal saline wae the 

ti:sativo ot choice. The out tioeuoo wore imDoraod in 

apecia,n bottles contcuning the for1114l saline tor 24 hours. 
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(·o) Del\)'.d.ration

7ollOll'ing 11:xation, tho tisoues were placed in 

tioouee bnakots and labelled apgropria tely. l)ohydration 

wile than carried out 1n 50;•• 70l,. • 90.% and 100;,;

alooholio bathe in ocrn-ca,Ppod gl.1100 jo.ro. 'l'ho jars 

were oocaaionally agitated to speed up tJie proceeo or dohy­

dro.tion, The tioauee wore then laid on n piooo or £iltor 

popar a'X\ llghtl.1 blotted to roliltOvo oxcoes fiu.id bCii'oro 

cle11ring 1n .:ylol. 

( o) lppregnation with llax

A1'ter blottins ligtii.ly w1 th filter paper the 

tiaouee vere tranatercd t'rom the clearing agent to 

nolton pa.r:i.rfin 1ra.x, in the ax ecbeddins oYen. 

(d) Caotins:

Proeh aoltan 1,&Jt ae poured t'rom the atock jug 

into tho could. r1i th roroope previously &l'll8d to 

preYent w x oetting on them tho t1aauoe �ore lifted 

ri-011 the t'1nal nx pot on tbo c�bodding oven and onch 

apeoiaen ,as plecod in t.ho bottom ot tho mou.ld. The 

labola were fixed in l)Ooition by p1•coa1ng one edse against 

the colidit'ying ax a t  one corner or the could, he.n 

tho block hae ooolod eutt1o1ontl.y to ror11 o okin on 
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the curtace it wae immersed in oold vater to oool it more 

rapidly. The block ot wax, bavins eot quite hard, wae 

reaovcd. trom the aould and trimmed ready tor cutting. 

(e) 3eot1oni.ng

,i.1'tor autting the bloaka their labelo wore attaahod 

by proeoin them on �o oido with a hot ooaring iron ao 

aa to embed them slightly in the block. Por aoctioning, 

tl10 bloeko ere tixed on tho block-holder on the 

llicrotoi..c. The aicroto1:10 wae then operated to cut thin 

uniform aootione oi tho specimen tieeuee. 

(t) PixinP Beot1one to Uioroeoope Blidoo

During outtins, tho eeotione boooco sli ghtly 

ooaproeacd and oroaeed. Botoro attaching the eoctiona 

to elides these croaeoa uero reaovod by floating the 

aeotiona on a varm watar-bath ai'ter dividins the eeotione 

•1 th a soapol 1.nto convenient lengths that woul4 go on

aiorosoopo slidoe. 'lho aeotiona wore then lit'tod into

olean albuainieod aionoaoopo elides trom the bath,

being guided into poa1tion with a dissooting noodle.

The alidea were then posi t1 onod upright on a wooden raclc

to drain. All tho olidee were ouhsoquontl.y arro.nscd on a

elide drying tray ond lot't ovornisht in the incubator at 37°0
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(a) Sto.1n1nS

(t) Reeoval ot Wax

The aootione woro plaoed in xylol tor 1 - 2 

ainutoe to dieeolve tho wax, 

(2) ):t'Ydrat1on

The aectiona ere taken out ot �lol and transferred

to absolute alcohol tor 1 minuto. whon they became 

opaque. 'nle eeotione were then removed t'rom absolute 

al.cohol. drained. and placed in 90,:; alcollol tor 1 ainute. 

(3) Staining

'rho elide• were trarusferred t'rom 90� a.loohol, at'ter

draining. to haomatoxylin. Where they were loft tor 30 - 40 

llinutea. Mter draining ott oxceae haomato�lin the alidea 

were tranaterred t o  the el1do-•aeh1ng tray, and waahcd 

in water until the eectione boco.me blue. 'l'ho aeotion.a were 

then placed 1n acid alcohol where they were ag1t tcd to.r a 

tm, aeoonda 4Jl4 woro returned to tho alide-waehing tray 

until bluo ap1n. 

Tho aoot1one wore then tranatorrod to 1� ooain tor 

2 - 4 a1nutoa to counter otain them. 

(4) PohYdrllt19n

Atter dralnina. thft aoot1ona woro truotorrcd troo 

the alide-waahi ng tray to 90,: alcohol whero they ware 

a&1 t.a ted tor 10 - 15 aoconda. l"l'oa 90,; alcohol they 

ware placed 1n aboolute alcohol I. horo t.hay ore 
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agitated tor 10 - 15 aoconda. Tho elides were than 

taken into absolute aloohol n tor 30 aooonda. 

( 5) Oloaring

The ooctiona wore taken rrom absolute alcohol II 

into xylol I and II and lef't until completely clear. 

Thie took about 15 aoconda. The eootiona were again 

cleared in xylol II t'rom which they were mounted. 

(h) )i(ounting

?he cover allpe wore oloa�od and laid 1n rowe on 

a pad ot blotting paper. 'l!he alldoe wore thon removed 

rrom Ji;Ylol ond one or two dr�pa ot canada balsam vere 

plaood on each aeotion. The elides ero quickly inverted 

ovor the co-.er-ellpa being guided into pl4oe with a 

diaaeoting need1e. 

ix. Pl'eparation ot Blood. Berum

Blood from a decapitated rat was paaaod through a

cl.can and 11erteotly dry glees 1'unne1 into a clelUl and 

pertectly 4:ry ccntrituge tubo, A1'tor about 5 111.nutee 

when a tirm clot had termed, the content ot the tuba 

was oontritugwd and the eui,ornatant eeru.a wae oolleotod. 
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x. 1!\1•\1on o[ •eN• B111Nb1n 1n t.ho Teet Rate
,, 

{Aocordln.g to Powel} et al, 196,1.
Into two 6" x i" teat tuboa were plaoed the tollow1.n1 

aaterialo in the order and uount1 aot out below, 

llateri•l• 

Sarui 

D1aso reasent 
D1•� bl8Illt 

Beosoato urea solution 

D1at1lle4 water 

Teat 

I 

{Tuba I) BJ.a.Dk (Tube 2) 

0,4 al. 0,4 al. 

o.:z al. -

- o.:z al. 

;;.4 al. 3-4 al.
- -

I 
Tbe tt1boa were allowed t o  atand at rooa tcm-pera ture tor 10 

a1.rmt.ea oa1 the optical 4ona1 ty waa read 1n an 8P 600 apoctro­

photoaeter at 520 ma. waYelangth ua1ns the blank to act th• 

ln.atruaent to &ero. 

8tandar9, 

Tbe optical 4ena1ty ot tho W'Orkins otoJldard ••• :rud 

1D an BP 600 epocti-ophotoaotcr at. 520 fllll, ua1na d1et1lled 

•at.ff t.o oet. the 1natrumcnt to soro. 

CflSP]tS1gn 

PR}1cal pen1it7 ot 

o'.optp'tlsrc"i'a.t't 15ii�w:wil'1tt;,�oth:t'.7fcrr".imruu:tc�.rd a 4 • •••

psr 100 Ill. eerua, 

(4 • oalo'i3.leted atrui•tb or • n1q Q\an4al'd) 
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x1. Estimn tion 01' Total Blood Sugar 
(A.ocol'ding to nelson, 1944) 

Into 1'our 611 x i" test tubee were placed the 1'ollow1ng 

11atoriale in the ol'der and amount arr8Jlged in the table below1 

Materials Teet Low 
(Tube 1) standard 

Tube 2) 

Iaotonio eodiu.m 
sulphate 3.6 Ill.. .3.6 ml 

Blood 0.2 111. -

Lo• Standard - 0.2 al. 

HieJi Standard - -

High 
1' standard 

Tubo (3) 

3.6 ml.. 

-

-

0. 2 ml. 

Blank 
) {Tube 4 

,3.8 al. 

-

-

-

' 

10" Sodi.u.a 0.2 111. O.ml. 0.2 Ill.. 0.2 11. Tungetate • 

'!' 

The oontcnta or each tubo were mixed and centr11"Usod. 

1 ml. or the blank, teat and atandarde wore introduced into 

n Polin and nu tube and 1 Ill. 01' tho alkaline tArtrate solution 

waa added. The tubee were pluged •1 th cotton wool and placed 

1n a boiling wator bath tor 10 minutea. 

Tho tube• were cooled and .3 ml. of Areono-mol.ybdate 

reagent wae added to each. The tuboa were lett to atand 

tor 5 ainutoa and the volume• were oarotull7 oade up to 25 al. 

with distilled water. The oontcnta or the tubee wore aixed 
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oaretully by 1nvero1on. The optical deneitioe of tbo tosta 

and etan1arde woro read 1n an SP.600 apootrophotometer at 

660 nm., octting the 1natrw:ient to zero llith the blank. 

Caloulation 

or 

mg. glucooo por 100 ml. ot blood, • 

Opticpl Donaity ot the teat X 100 
Optical Done1ty or t.b.e Low standard 

Optical Done1tY ot the toot x 200 Optical Donaity ot the Hig� standard 

'lho etandard nearest the reading or the teat woe uoed. 

xii. Eotimation ot Urine urob1linogen
(Acco!:4ing to Watson ot al. 1944,)

To 5 al. 1'roab urine wao added 5 mli ot 10,g BaCl2 With

ahaking. Thie was filtered. 

Into each ot two 5 Ill.. Erlenmeyer 1'laeka wae added 

2,5 ml. o� tho bile 1'reo urine (1'roa above). 5 al. or oodium 

acetate eolution was added to one portion "1th ehaking. 2.5 ml. 

ot aoditied Erhlich' e reagent wae added elowly w1 th f1hak1ng. 

Tbe content or the tlaek waa thon emptied into a 19 x 105 era 

cuvet and the apoctrophotomotor (Bp 600) wao oat to zero 

abaorbanco at 565 nm. with it. 

To the other portion ot urino ne added 2,5 Ill.. of aod1riod 

!rhlich 1 a reagent with ehllk1ng. 5 ml. ot aod1um Acetate 

aolution wae added. The absorbance wae 1ued1atcly road 
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asa1nat the blank, 

Calculation 

-� -, , 

Reading ot teet x tactoro 

• Anount ot urobilinagen in Erhl.ich' e un1 t.

Working Standard 

10,2 ml. ot the etock standard was maaeured inlio n 

100 1111, volumetric t'l.aok, and diluted to volume With 0,5 per 

oent. acetic acid. T'llia aolution ropraeenta a urobilinogon 

00ncentrat1on ot 1,2 Erhl.ioh'a unite, A o&riee ot otandtlrde 

was pro»ared iii cuvota as tollotta 1

w.. or working atanclarc Ill.. 01· 0. 5, Urobilillogan 
Aoetio .&.cid Eh.rllch' a IJni ta 

10 0 1,20 

4 0,72 

6 0,48 

2 8 0.24 

9 0,12 

Abeorbanco readinaa wore made in DJl BP 600 epactrophoto-

11atcr asll1ll8t a wator blank. The ractor• was calculated. by 

cUviding each concentrat1on by ite respective readina an4 

averaging tho tiguroa. 
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xiii. rctiMtion of totnl 9el'Ulll Prott,ino
(According to Wateon et al. 1947)

Into a 611 x i" teat tube vae placed O .1 Ill. of aeru.m. 

2, 9 ml. of die tilled vater wae added. Into llllOtbcr teat 

tubc wnn placed 3 D.l. ot distilled vater (blank). 3 ml, 

ot varking biUl'ct solution ne added to each tub& u.nd the 

tubes were allowed to otand in a 37°0 water bnth tor 

10 minutes. The optical. denei ty or tho test solution wae 

read at 540 nm. in nn BP 600 epcctrophotocoter by eotting 

the instrument to zero with the blank. Tho protein con­

centration in R,/100 l!ll, wae obtained trom the calibration 

ourve. 

Tho calibration curve wae prepared with vereotol. 'lhe 

vereotol 1rae reoonotituted as direoted on the vial and varioua 

i;raded oonoentrntiona were proparod ae tollowa1 3. 5g/100 ml., 

5 • .,; 1,/100 4.0 

6.0 

g./100 nl., 

g./100 D.l., 

4,5 g./100 Ill., 5.0 g./100 ml., 

6.5g./100 ml •. 7,0 g,/100111., and 7,5 g,/100.,

A curve oi abeorbanoe at 540 nm. asninet the various con­

centration na t.hen prepared. 
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... 

• 

• 

I . ' . 
COt1CtU4ft01t 11 ... _, 

• 

C&lib�tian ouno tor t.h• 01ti»tica 

ot total oerua protein, 
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Xiv. F.etiaotion ot eerua Alklll.1no Phosphateeo 
(Mothod as recorded in BpH Enqae Aeeq eet 3 tor AlJSal1no 

phoephataeo) 

Into 61
1 x ;11 teot tubeo wero plnocd the follo111ns 

114 torio.le 1n order act out bel011': 

Uaterial Sample Blank 

Solution 2 1,00 ml. 1.00 ml. 

3o� 0.10 ml. -

Tho tcot tubes wore 1noubntod in a nnter bath nt 37°c tor 

exactly 30 minutes and the tollo\;/ins ere aixed: 

OOdiWI hydroxide 10.00 121.. 10.00 ml. 

f erw:a - 0.10 ml.

Tho colutiona were poured into auvot�eo ond the optical 

dcneitieo vere rood 1n a.n BP.600 opeotrophotocotor at 405 nm. 

and tho alkaline phoaphnteeo concentration in the actM.lD wae 

calculated thue1 

f.405nm. x 200 a 111111. - unito 

I a U • 0,06 • aolo Baoeoy - Lowri Un1te. 
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n. P.:at1mation

(Nethod aa

- qn -

ot 8el"U.III glutaaic Oxalacetate tranaani,naee 

rocorded 1n Bffl Enqme Aeeay aete 2 tor 800-T} • • 

(a) Oallbration curve

A aeriee ot tuboe were eet up ae tollowa1 

• mlolee Int. Ullite 
:;';,-� Sub- P,ru.vato 800-T

Tube Ro. Water Standard etrate per min. 
per lit. 

1 0.2 Ill. 0 ml, 1.0 ml. Blank -

2 0.2 ml. 0,05ml 0.951ll, 8.5 6,0 

3 0.2 ml. 0. 10al 0. 90ml. 16.5 13,0 

4 0,2 ml. 0,15ml 0.85ml, 25.0 22.0 

5 0.2 ml. 0.2ml. 0.80ml. 33.5 30, 5 

6 0.2 ml, 0,25ml 0.75111 41,5 I' 39.0 

7 0.2 al. o.30a1 0.701111 50.0 51,0 

The atandarda an4 blank vere incubated at 37
°
c tor 30 

ainutea, 1 ml, ot 2, 4-41n1trophenyl.h,Ydraz.1ne reagent was added 

to each tubo and the tubes 1rore incubated tor a further 20 minutes. 

The tubes wore reaoved troll the water bath and 10111. ot 0.4a. 

aodiUJI hydroxide wao added to eaob tubo w1 th shaking. The tubes 

wero allowed to stand tor 10 minutes and tile optical denoitiee 

wore recorded at 515mu. uaing an OP 600 apeotrophotomotor t'roa 

the optical deneitioe a calibration c:urvo waa plotted tor the 

reascnto in the aot. 
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(b) J>eter,tpation ot t.he enlfl!O Oluta11c Qalaoetato
)rana••ie•• 1n the earua

Two teat tuboa ware labelled "aaapla" and control 

reepectival.7. Into each tube was placed 1 Ill, of substrate. 

The teaparature waa brought to 37°c by plaoing tbe tubes in 
,br,'l a water bath at this temperature. A1'ter notins 1b� 0.2 Ill. 

ot ael"UII •as added to the "euple" tube, and both tubaa were 

activated again a t  37°0 for 60 ai?1Utes. With the tubas 

atill in the water bath 1 drop of aniline oitrate reagent 

waa added to each tube; after 5 minutaa 1 Ill, of 2, 4-<lini tro­

pha117lh7drazine solution wae added to tha control tuba, 

Incubation waa continued for a turther 20 llinutee after 

whioh tha tubas vera removed from the water bath ond 10 Ill. 

ot 0,4 a. aodiua h,Ydrox:1.do waa added to each tube, The 

contents ot tbo tubes wero mixod by inversion and allowed 

to eto.nd ror 10 minutes. The o_ptioal densities waa recorded 

at515 mu in tbo BP 600. The valuea tor 800-T in the 

International unite waa rer-d. from the calibration cune. 

ZTt. Mt1b1ot10 tro�s:ont or an1po.1e 

Heomycin sulphate 100 •1

Tetracycline hydrochloride 50 ag

Baotraoin aulpha to 50 ms 

A aixture ot the above throe antibiotioe waa 

a4a1�atere4 orally to tho rate twioo dail.7 two days 

before the experiment, Doaing ••• then repeated every 

otaaer 4q during the oxporiaont. AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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CllAP'lER J'OUR 

EXPERIMEWtS lnD RJ:3ULffl. 

lftVESTIOATIOff ORB 

A su.rv07 for nitro11a111nes 111 paJ m Yi.no sampleo boillS 

hawked for sal • in Ibada.n, Vea tern State of Bigeria. 

KD.toriala 

(a) Palm Vine.

:Pour sample a of pal 11 "1.ne beillB havked for so.le

were purchased from •oh of snenteen areo.a of Ibadan, the 

capi-tal. of Veatern State of Ifi&eria. The seventeen sample 

areaa vore aoleotod in au.eh a way ao to cover a la.rge part 

of tha Oity. 

(b) Reiv:enta am Equipm�nta

Analytioal.ly puro reasents and very cloen

gla.emr• vore uaed. Other l!Bter1aJe o.D1 oqu.ipmenta Wied 

1D this inveatJaation are enu.me:ratod in Cb.aptu II, aeot1om 

(iv - x11:1). 

Pfethoda 

The a.mly"ti.oal. prooeduroa relcmi.nt to thla inveat�ticn 

ba-vo been deaoribod in detail in Chapter III, aeotione 

111 - Ti. The ano.lysia baa been carried out by a combinDtion 

of thin-la:,er chromtoeraphio an4 ooloriaetr:1.o tf'cbotquoa. 
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CHAPTER POUR 

BIPDI DfRftS A 11D Rf!JULTB • 

DV.BSTIOA!IOK Oll'B 

A lllU"Yey tor nitroeam1nee 1n palm vine eampJ.ee bei.Dg 

hawked tor eale in Ibado.n, Western Stato ot B1':Jer1a. 

Materiala 

(a) Palm Vine.

Pour aa.mploa ot palm wi.ne beins bavked tor ea.le

were purchased troa •oh ot seventeen arena ot Ibadan, the 

capital ot Western State ot Jl1ser1a. The seventeen ea.111ple 

areas vere selected in auch a way ao to cover a l&rge part 

of tba City. 

(b) Relll;'9nte an1 Eguipmonte

A.nalytically pure reasenta and very clee.n

glaaen.r• were uaed. other mtor1ala am equipaente uaod 

1n tb1a 1nVeatJ4ration are enumerated 1n ahapter II, aeotiom 

(iT - Xiil). 

• 

f(atboda 

!he analytioal procedure• rolna.nt to thia investigaticn 

haYe been described 1n detail 1n Chapter III, eeotiom 

1u - v1. fb8 analyeia has boen carried out by a oombillation 

of thin-la:,er chromatoc;:raphio 8ll4 oolor1Dttr1o toobnSquee. 
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Spot tute vero ®rried out vith oxtraote on thin-layer 

platee prior to identifioation and quant1.tat1.ve eetian;tion. 

Reoll.lte 

In the spot teete o:nl.y e1tNots :tor volatil.e, vater­

eolubl.e JUtr<>1W11inoo sa•• indication of tbe preaenoe of 

ru.troaamine. Bxtraote tor non-volatil.e n1.tronaor1no gave 

negative reeul.te. 

Beparat�on on thin-layer obromtographio plates showed 

th e  proa&llCe ot tvo kinda ot n1. troeaminea. flte n.1:t:roE"amino 

epote bad Rt val.uee o. 24 and o. 48 reepeoti•ely 1n Bex:nne -

4.1.ethylothe�chJoromothanA (4:3:2), o.nd voro 14ent1.fiod 

ae d1mnthylo1trosamillo o.n4 d1oth;rlo1troe•nr1n• reepooti.vely. 

U1tro:v1.olO't epootrull ot the separated extract shoved 

charaot,r1at1c absorption aex1.J:n:ull ot n1.troeem1no 1n the 

region 2,0 - 240 nms and 1n griaoa reagent the ob.llraoterietio 

wx1mm o:t 525 na. 

!b• uoante ot each k1od ot n1troaam1ne 1n poJ 11 1fine 

troa each sample aroa ot Ibo.dan aro ohown 1n tablAV. 
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Ipkp'l'J.PIC�TIOR OP ITT'l'R08AKIH&3 IR PALM vmu ;§UKAO,:S BJ mm-11\l.RB OUROl-iA'tOlJWffl.

-

S'filD�RD 
TESTS on SfAMlARD RITROSAKillm:! 'i'ESTS on -JI VIJB RI"'�"Cffl 

JrITROOAJUQ 
*Rf X 100

DIPIIB'BYLJrITROSA. II 80 

DIMRfflYLBI!ROOA KDll 24 

DIB'l'BYLRITROO.A.J{[BB 48 

RI 'l'RosPIPBRIDID 6:, 

DIBBRZIIJTITROO!.Hilll 85 

fflROOOHCll.PHOLlDll 40 

• DBVI!toPinO SOLVER!:

DmBCTOR {/.) :

DBfBCTOR (B) :

• .. .. 8 r 1..11"1. • 

DETECTOR(A) DffEC!OR(D •Rt x 100 DETECTOR(A)

Blue-Violet, .  Pink-Red

" • 24 Blu.o-Violot 

" • 48 Bl.uo-Violet 

• • 

" • 

n n 

n - Dffam-Diethyl Bther - 1)1.ohlo:romothane (4:,:2). 

Prenoom.nn•a Roagont. 

Orioao R�nt. 

� 

DB'l'll:!OR(B 

Pink-Red 

Pink-Red 

IITlKSA)o.DJ II 
PAUi vm IIH&D'f 
IDBl!UIBD AS -

DDmmTLlnRCBA){IIJ 

DIEfflYLBITROOAnIBJ 
-
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AJ10UNT8 01 JTITRCl3.&.l-1IJIES tH PAL5 Vll'i& J\'Rllp lJA)mRD FOR BALI Ill IBAPl,J.

HO. 
HO. OP 

KIJm8 ARD 1m-.n Ar 18 OP lll'i'RC8f\ RR !O!AL All>Ul'l'S O.P OF 
SAUPL'ra 

souncB Ol' PALM VIJIi SAMPI,1:3 COil'l�l- 'D11.1!Htldll'1ROSAlnltB II'l'.ROSAMIRB DIJ:f.r:'!H !LtflTROSAmli:& 
mno (ug/lltN. 
Dli'ROBA-
llIHB 

y 1 - Mo 4 ' 20. '3 1 ... 6 ,..9 
X � - 010 ' 4 16.0 10,4 '6 • .t 
I� - · ,�b:\dan 4 4 18.3 12.0 Y>."' 
y ,. - Uni:ta ' 4 14.3 9.8 "-.1 
YS - Rod.11a ' ' 17 .5 12,2 �,7 
X6 - Barraokll 4 4 17.0 12.7 29.7 
I7 - Rleyele 4 4 18.6 12.4 ,, .o 

X8 - Agodi 4 4 20.0 10.7 :,0.7 
I 9 - Jericho 4 4 15. 5 12.5 28.0 
110 - c�t.Reat HOUDO 4 4 16., 1 o., 26.6 
1111 - Jericho Roa1>. 4 4 20.7 12.6 '"·' 
X12 - 0.0.1. 4 4 20.0 10.9 30.9 
X13 - Ala«bon 4 4 20.2 10. 7 :,(),9 
114 - In G.R.A. 4 4 18. '3 12.9 ,1.2 
X15 - <i:e-.!do 4 4 17,4 1 o. 1 Zl,5 

X16 - Iaale Ijebu 4 4 18.3 11.0 29., 

117 - Imeti 4 4 17.1 9.8 26.9 
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Qoaolua1on 

On the boa1a of the orperimcmto carried 011t 1n th1a 

inveatigat1on, it can be etated tho.t Pal.m Wine bei.Qg 

havke4 for sale 1n Ibadan, the cap1ta1 of Western State of 

Ni8erin, oontnine a1 n1ite amounts of two k1n4a of nitrooom1ne 

nome '\y', Dimethyl ui troeom1 ne am Diothy)n 1 "troaamino. The 

level. of oontem1Mt1on boillg 20a&/lltro an4 t Ous/11 tre 

reepeoti.vely v1th a mean total. l.evel. of 3()uG/lltre. The 

pbyai.ol.ogioal. role of this aaou.nta of n1troaam1na 1e tho 

eubleot of another 1nveotigst1on 1n thio theaia. 
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InvBSTIO\TIOH '!'WO. 

An exton'.livo s urvoy tor Rlirooaminea in fn:lm Wine 

ae hawked 'for aale 1n other parto ot the ·:teatern State 

am aome pllrta ot teBoa State of Rigoria. 

In Utia 1nvostieat1an a ourvoy for n1troeam1n110 1 n  

Pola Vina vna carried 011t rlth aaapleo purchooed trom 

fi"tteen tovna in the Veatarn and part of La&oa states 1n 

thia ooo.n"t17. 

fhe pilot areas now inoludo, Oyo, Ife, Abeolrutn, 

Ondo, Akure, Oldtipn11a, Ijobu-odo, Qsbomooho, Sha.Baa>, 

Oahoebo, otta. and Oro 1n the Weater.i State, am BadQeT1., 

Dcorodu ClDd Bpe 1n the I.o4;oe Sta.to. In this vo.y paJn-wiJID 

om:iplea hnvo been oOlleot� from a large oovornge 01' the 

Statoo. 

ra tor1Rln

( 4) 1tes.,cnt11 anc! J!g':lipmanto

Anal;vti.cal. grade rGaBen.to and aolventa vera uaed. 

other m:ator1aJa and equipments uaad 1n ihia investigation 

are no enumerated in Obnptar II, aao1:1ona 11 - JtiJ.J.. 

(b) l!l\lm W1n9

henty ro.nd am DOJ:ll)lea of stale palm w1m baillg 

bnwlced tor oale vere purcbnaed i'rom en.eh of the tome 

mentioned above. 
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"•th<>da 

'lhe amlytical. procedll.1'9a releYant to this 

1nYeat1gat1on have been described 1n detail in Chapter 

III, aeoticma Ill - VI.

Reeu1ta 

fhe epot teats gave pooi tive indioaticm of the 

preoet10e of volatile n1 trooomin11a oiu_r. 

Separation on th1n-1.nyer plates showed the proaence 

of tvo ldod• of n1trosom1nne, Yith the two de..teotoro. 

fhese had Rf val.uoe of O. 24 and o. 48, roepootively, and were 

1deixtit1ed aa dimethyln1tro11aa1m and diethyJn1tronoud no 

respectively. UV apectromatr;r ot the separated e:r:traot 

ah owed oharacteratio mnx1 mm for nitroaaminm 1n the rosicn 

230 - 240 nms al'ld 1.n grieaa reo.gozrt the chnraoter.t.atio 

mexic:ua of 525 lllll. 

'1h, mesn acoimta of Ollch k1nd. of ni.troaem1ne 1n 

palm vine froca each oami, l e  o.reo aro ohown 1n table. 

Btat1ot1oal 8.IIQ)3'e1o of the reou1ta for the vurioua 

tovna chow tb.'J.t except 1n tvo plnooa, Akuro am Ondo, 1n UJ.o 

Western State, the mean GJ:!Ounts of nitrooo.aine 1n po.Jn vine 

from oaoh town do not differ &'anifioonti, from the ovexun 

1:1ean. 1'h1s 1e en eotimto of tho fttpcoted amount of 

n1troo8.!li.De 1n a 11-tro of �l.lll vim. 
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the AMn for Akure in just e:f.4p)1f'lcant at tho 5,r;

point of '!. filoro in n roo.l dii'fcronco hore, vhich !ZlY 

be tracea.bl!! to pecu.Uari.tieo of the areso 1n relction 

t o  pale wine produotion. 

A poeit iff carrel.ation wae fo\llld bat,reen the aao\DltB 

of d1-tb:,ln.1troaaaino a.nd diothyln.1tro�omne in the palm 

,rinc e11mplce, fn18ccstiJ>8 tm.t tho diotribution of the two 

oompoundo in palo wino tollova a dot1nite pa ttern. 

A few oar.pleo (about 5 1n all) shoved no deteota?>le 

anounta of n1trooom1no. 
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BBLE VI: 

AND MEAN AKOUlnS OP no. oP Kllrrfl 
BOURCI OP NO. SAMPLES 1'1.'l'ROOA'MillB i!l 

01' 
PAW VIBB BAHPL!S C01'TAIJTIRG rr- DJ. :ttJ.T � 

DlTROOAHIIrn TROOIJO:JIB SAtmm 

uc/litre. us/litre. 

Abeolcuta 20 20 14.60 11.00 

Aku.re 20 20 1 e.15 1 ,.oo

Badaert 20 20 17.20 12.50 

!po 20 20 15.95 12. 00

lbado.n 20 20 16.90 12. 00

I!e 20 20 16.20 11,60 

ljebu-Odo 20 19 16,42 11.00 
Ikorodu 20 19 17.30 12. 30
Qebo11oeho 20 19 16,89 12. 01
Okitipu;pa 20 20 17.00 13.05 
Ondo 20 20 18.30 
�ogbo I I 

14.30 
20 20 16.70 12,45 

Otta 20 20 17 .10 12.50 
Oyo 20 19 17.60 12,40 
Chagnau 20 20 16.50 11. 45

'l(ffAL 
J.1.0U?ff B oP
l!l�!ITmlE 
ugflitro. 

25.60 

31.15 

29.70 
, 

27.95 

I 26,90 

'' Z,.00 

28.�

I 
• 29.60

28.90
r 

30.05
,, 

I I 32.60 

I 29.15 
I 

29,60 

It 30. 00• 

I 27,95 
. 

t •

STAIID.\llD ill sm nn CAJOB. 
BitROR 
(S .E.) 

8.B.

• 2.2166 1,629

• 0.9040 2,146 • 

.. 1.6028 0,306 

4a 2,45,1 o.514

4a 2.5000 0.124 

.. 2.m5 0.619 

.. 2.475' o.,se 

I= 2. 1156 0.1� 

ts 2.5100 0.124 

.. 1. 7462 0.481 

• o.8777 ,.862
•• 

• 2,0905 0.029 I

.. 1,921� o.ao,

• 2,5'61 0.,12

• 2,2507 o.5'0
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THE DISTRIBUTION OF THE MEAN AMOUNTS OF NJTROSAMINE IN 

PALM WINE FROM \�RIOUS SOURCES AROUND THE OVERALL MEAN 

326 
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316 

!, .. I 
�

29 6 

GRAN 
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28 6 • 

Ill 

\ -

� 276 

266 

......,__,.,.,,..l' '& -OA • £1 IF fo lit 008 oil c,i Olli CiSw 0A � 
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SCATTER DIAGRAM SHOWING THE ASSOCATION BETWEEN THE AMOUNTS 
OF OIMElHYLNITROSAMINE ANO OIETHYLNJTROSAMINE IN PALM WINE 
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MAP SHO"NING OISlRIBUTlON I¼ At-ID RANGE lvg I OF NllfiCS:J-ll��ES 111

HIGHEST 

ovi:::r, !I.Lt 

PALM \YINE FROM THI: SAMPLE AREAS

,.� .." 
' 

oc.•• _...,, 

OISlRIBUTION l¼l 100 

RAhut , IO-L7 IJ!I LIie 

H I 
... 11· ._ .. 

....... 

.. IJ� ... •• 

ci-.. ,,,,v. 

(�E SAMrlES CONTAl1I flNLY \ OhE OF lHE TWO IONOS t'l9""V"REO l 

I E)(CLlJOING SAMPLES WITH \
110 t,ITrK)<:A�lfl!:' 
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Oonolueion 

'1'b1e etu4y hoe shown tbo.t palm w1n.e aa hawked tor 

aale 1n the ftrioua towm of Western &lld li86()B States of 

11'1.geria 1.n oontam1na-ted v1.th n.1tro .. an1ne to a l.eve1 of 

30u&/l.1 tre. 

•
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Oonolnsion 

Thie endy ma ahovn tho.t pa1m vine as hmrkBd tor

••1• 1n tht vnriows towm ot Veatern and I�., Statoa ot

Jligeria 1a contsm1nated vith n.1.tro111am1ne to a level. ot

,0ua/l1tn. 

•
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J,.ltvB9TtOA�IOR 'fflRBJ 

A m•-,: tor Ritro111am1n-e 1n (&,&9.ro. Jhu·ulcutu,

Pito, ana Ott Agb8"bft.

I.n thie invaotiention the aaount of n.1tro11nm101t 1n

Oeosoro, a looa.1 gj.n 41s1:111--4 frO.lll paJm vinoJ Burukutu, 

a tonunted beveroae from milJ ot gra1n8, Pito, a fermentation 

produot ot moieo or a m1xt:uro ot m1c1t aD4 oorghua graiDs; 

en4 oti Agbagbo., a lftcal ol.chol.io beverage produced by the, 

terne!'.tati.on of overipe planta1ne, vaa detarmined. 

!he pu.rpoae ot this part of the work vaa to 008080 the 

1e'V'91 ot oCll\taninaf:ion of other local.l.y anllablo a1coho11c 

benragee nth n.1.troAam1n�. 

Mater1Dle 

(a) R•Monta Ant Equipmf'ntq

Anal.y'tica1 grade rnconto and eolnnte wore uaed. 

1'h8 oquipaenta and gleea-vnrea vhiDh foum uae 1.D. thia 

hiwBti.gatian haft boon deeoribed in ahapter II Seoti.ona 

U - x111. 
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(b) The Al coholic Beverngea

Twenty randoll aac:plee of Ogogoro, and ot each ot

the o1her o.lcohollo beverageo ro fered to abofl vere 

Purcb.need from. vnrioue bo.vltera in Ibadan and nearby villages. 

Ba.eh •ample wna analysed. 1n tripll.oate tor n1troeam1ne. 

!1ethode 

!he ana :cy-tical prooeduree rel.evnnt to th1• in-Yeatigation 

are u 4eeor1becl 1.n Oh.apter Ill, Seotiona (111 - v1). 

Roeu.J.ta 

1'be a-pot teeto pn 1nd1cat1cm of the presence of 

'l'Olatile ni.troPam1�e. Extraoto tor wter insol uble 

nitroea::iino llhowetl no detectable &l!IOu.nt ot n1trollfl.m1n•. 

Separation on 1hin-la:,er chromtosraph1o platoe 

1m1oated tho prosenoe of two killda ot nitl'Oaam:Sn.s in tho 

extracts i"rom <>eogoro, Burakutu, and Pito, using tm tvo 

•pray r08(I0nta. flleoe have Rt values 0.24, and 0.48

reepeotivel,y v11h Bexana-cotbor-diahloromotbam (4: 3: 2) 

ao tM devolopc-, and tho:, vore 1donti1'1ed as dllll'fthyl.­

nitn"Mn!ne CD1 d1ethyln1troaOJ'!l1Jl8, reapoct1vol.y. In the

cn110 of oti Aebasba only one epot corrci,poDdiJlB to 

41.cetql.n'.ltroaamne vae ob11erved. 

'l'be table eh01f1J the mean val.ue ot eaob kind of 

ni.troaan'lm fow:id 1.n each brew am the arapha ebarr the 

pattern of cliatr1but1on of 1he nitrot1or:1Sna t7Pea. 
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TAPJB Vll: 

AICCHOLIC 

BEVm!OR. 

Ogogoro 

Burukutu 

Pito 

oti Agbagba 
(l.gcdcg1d1) 

-

-11,. 

gDtm m 1mortrs OP l.'IITHCSlrmtrn Ill OOOOO!o. 1lO!PJI.Q'N, r1:o Am} O'tI AODAGBA (AGA)lAOIDI). 

IlUlmBR OP Din�R.Oro'l'I01' HOMER SUIPLE:3 PERC'mt1' 
OP comAnnm 

3tulPL:B 
BAP.:Pl,I3 tlI'l'ROOAITTliE 

20 20 100 

20 • 20 100 

20 20 100 

20 16 00 

• 

• 

. : .;:11 OP Jir.11 AJ .OU1Jli � OP DITR03l.n:mB
D. r t fui. Ll I rt' RUltJUtm 

Cua/litre.) 
DID'BliLfflROOAlW:ll 

(ug/litro.) 

52 46 

29 22 

25 2, 

14 -

\ 

20iAL 
AJ:COll:r:i OP 

ITROSrutl� 

(t "'/11 tl'.'9. 

• 98

It 2. 7512 

51 

• 2.4753

ta ,.0411

14 

• 1. 1 .,, 5
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HISTOGRAM SHOWING THE DISTRIBUTION OF NITROSAMINE IN THE 
-

ALCOHOLIC BEVERAGES 
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• 
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� -� 

I• I 
PI TO 

E 

• • 

E 

BURUKUTU 

T • Total amount of N1trosom1ne

M = Olmethytn1trosom1ne Fraction 

E = D1ethylnitrosomine Froc lion

• 

E 
• • •• • • 1 
••• ..,//1 E

PALM WINE AGAOAGIOI 
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Copoluion 

'?he nSUl.te of the expeMaente oarriecl out in thiB 

1nven1gat1an have dernonatm.ted the presence of dimetbyl­

n1.troaam1ne end dietbyln1tron,un1no in 0£ogoro, Bu.ruklltu 

am P1to. 'l:he total level of oontrun1rotiC11. of theoe d.ri.nko 

with n1.tro,.orn1nn beins about 100 118/litre for Oeogoro; 

50us/11tre for Burukutu; 48\16/litra tor Pito. 

Only ono kind of nitroaMine - d.imathylnitroeom:lnn 

vas found 1n Oti AgbaebaJ tba 1GV91 of oontami�tion of 

this drink vith n1 trona,n1 nn vas o� 14 ug/litre. 

Since ni troaominos were fowxl in all the samples of 

Ogogoro, BU.rukutu aDi Pito, it can be otatod that those 

al.coholJD drinka genernll.:, conta:ln nitl'ooom:lne • 

• 
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DIVR8TIOA'1I011 FOUR 

! etud:v of the biolon,oal produo t1on of n1 troeaminee

in Paln 111.oo. 

'l'b1e 1.n\•ooti,;.1tion 1c ooncer.aod vith the aosoaamcnt 

of the rOl.e of the palm w1ll8 fermontills organ1aa.e 1n tba 

production ot ni.tronemino in this o.looholio bovernge, 

haTina roenrd to the to.et thnt bo.oteria oould Di tTosato 

aeonndary am1nqa 1n the preaenco of nitrite iona (Bander , 

1968). 

N&terin.1a 

(a) Rm!gentp nnd FAniJlgenta.

b r83€8nta atd eolnnte used 1n tb.10 invoetip;ati.on 

vero of analytical gr:'lde. Glass-wares were thorougbl.y 

,mched rlth a detercent prior to a t1naJ vaah rlth aootone. 

Oth!tr onterial.a and oquipmnta uood 1n thia 1nveat1gat1an 

are as cnure..-ntod and deaoribed 1n Chapter II, aeot1011D 

il - rlii. 

(b) Pftln "'ne

Tba pnJ e, wino aamplea were puroht\aed from hnwkere 1n 

Ibndan, 1n desired qaanti ties. 

(o) Palm Sap

Thie 1e the formr.ntod sap of tho paJa tr8'1". It na 

collected in at&rilo :tlaak'e by R a11eo1"ll y comieDion.ed 

paJ• wine tapper. 
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"ethode 

'?he invent1'4ation vna csrri'ld out in oeven experiments. 

l.xporir:lent l Palm \line ao.cpleo were purcruw� no 

hnvlted tor aale 1n Ibe.dan. Bach batch of tour e'-D!)loo 

were left to oontilJLle ferment� until 6, 12, 10, 2-4, ,o, 

36, 42, and 48 houro after puxohaoe reo_peotivoly, by plaoillg 

a litro or enoh oWDple in ,1 , litro ooniclll !Jank. 'i:ho 

mouths or the flaaka were plll8t,r-ed J�tly with ootton wool 

anl the floeka were placed in a .Cim Yire-!'loeb oago to 

keep off i'lleo and othor 1.noecto. After tbo paln vine 

samples hnd fermented tor 1he appropriate nw:ib"r o! houro, 

onnlyai.a for ni.troenc,1n .. o in tbem vere carried 01t. The 

cx11orillont vu.a carried out in quudrupllcate. 

1,xper1men1o II PaJg �ap sa.aploa were oolleoted in 

oterilo tl.aeke and tbo acmploa wore allo"94 to stand tor

the variow, number of hours ae described for pal.m wine in 

exporimltnt I. Attor the eacplea ha4 al.eo fermentod tor 

the appropriate 11.lDber of hou.rt' anoJyoea of their ni.tro9om1ne 

content• wore CArried out. !be experl.mont vu carried out 

1n qua4ruplioate. 
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aai. were purchued 1n botohee of four. one litre of oooh 

luip1- wna placed 1n a plnatio bag and allowed to txeeze. 

'l'be froaen eamplea -.oro lctt under thie condition tor the 

••• period of time that their counterparta vero allovod to 

feraent 1n ezperl.Jeont I of tbSo invcet�tic:m; i.e. 6, 12, 18, 

24, ,O, ,6, 42, am 48 hou.re reopeotivoly attor vb1ob they 

wore aml:,aed for nit1'00am1m. 91• ezporiaont w:aa carrla4 

out 1n q\134Nplicato. 

l".rpet"llleni I! Pelo •P a•r:plea voro treated u 

above for pal• vine. !be crperimant na carried out 1D 

quadNplloato. 

!;':Xez:riDent I Palm Yi.ne eODplea were plll'Ohaoed and 

retlwced 1n a water lnth for ,o rdmt• at 50°0. After 

tbil pre-treat:ont each bntoh of four 1cu,,ploo were allowed 

to stand (fw1mcnt) for tho nucbor ot houre rotere4 to 

,a::s.er prior to o.ml,1'11•a for nitroa•adoe in tbo •111U>loe. 

Pro-tre11�ani: ot the 03:lple• 114 et11tod nbovo vu to J:111 

U. fw161 popo.lnt1an in the pol• vino. 'lhe cxper1.acnt no

«in-1o4 out in qu,.druplicato.

Pal.II wsne 1acpleo aa hnvted tor eale 

were obla1Dit4 m,.4 filtered tbl'oagb a et rile filwr to 

reeove all yeo.ri o.a1 1>:ioteria preaenl 1n th•, 
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After thio pre-treatment, each batch ot four eampleo were 

allowed. to eto.nd for the 6, 12, 1 e, 24, ,o, 36, 42, aml 

48 houro reapeotively after which they were am1_yaei1. for 

n1trosrunsne. 

lb:p.riment VII Paln aap aamplee were treated ae 

described for palm wine in Exper1mont VI, The experi.lllant 

na carried ou.t i n  qnan.4ru.plioate. 

Results 

b n1troG&a1:ne oontento of the vnrioualy t reated 

palm wi.ne am pal.a aap saq,les &N chcnm i n  Table VIII, 

The r olationahip botveen tba variOll.8 roaults are depioted 
-
·� -

in the grapho (f.lBUNe 25 - 28 ). 

Rrpori.aent I Thi rcou.ltB ehov a )1n•uu· relationship 

BUB£9nins that ao feri::ontation progresses tb8 level of 

ni troei•m1 ne 1n palm wine 1.noreaeea. 

prperi.aent II A a1m1lar trend ae aboTo w.o observed 

when pa.la sap vaa uaod. The riee 1n nitroenmSno content 

with teraentation time her• vu howewr ox a lover ao,gnitude. 

Rrpori.oont Ill There were no 1.noN3.8&B in 

nitroeaw1r,e content of pal.Ja vine with ttcie. 'l'lue n.s 

bocau.eo the fl1111J>le11 were fro::on am no au.oh the ru>tirltica 

of the yeat and bnoteriG in tbe }')Illa v1J:O aarsplea vore 

1!!8rkedly reduced if not totally a1T1111tod. 
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IQfriment IV The reeolta of thie c,xperill!ent ehD,r 
a •ennhat eimilar trend u the nnlta of exp erimant III,

However the uounta ot n1t1,.u1am1ne content of 1:be froeen

palm eap were lffllller tban thoae noorded for frozen palm wine, 

Bxperiment V 'lhe purpoae of thia erpll"'1ment wu to 

kill tba yeast cell.a proaent in the palm wine aampl.ea an1 

to observe the potential. role of tm bcc".er1al. :populntion 

1n the production of nitroaamine in Pf'lm wine. In thia 

experiment 1nore$eee in nitroaa.mine content ware etill 

obeerved with fercentation timo al.though the amounto dotootod 

were acaller than tho amounts doteotod when tho notivitiea 

of both the l>lloterla aJld funpl population wero undioturbed. 

Bger1ment n Tha removal o t the fungal cm bact ori&l 

populnticm in the i;nlm yine oam9lee reeul.ted in the diato.rtion 

ot the lin-.r rel.a:tinnshtp obaorvod in oxperillent I where 

tbaee orpn1elll8 were retainod in the aamplee. 

ExporimQnt VII When palm eap wu trented ae for 

paJ• wine in experiment VI, a a1 m1Jar trend vua oboornd 

but asain the �:tudo of tbe ni troeam1ne oontent recol'\'1a4 

waa �uJJ,,tban it va.o tor pal.II wina. 
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.un 'Oil,M Bfl.'P SAljPI,rn.
llI'l'ROOArUKB cam 11'8 O? .,IR v Riom Pit wpgl JUI"' • 

SAlll'LE A.IID OR'i'F.RVI,' �IO'li TIPtR Ill ll('(J 18/1 l 'R0:l'1(lm: r.r Ill ur.Jlltra. 
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Pig 25 
,., 

Var1c. tion r.1 troouine oontent or Pallll Sap" 
with Permantatton Tiao. 
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'1s 26

Variation 1D Bitro1a&1ne oontont ot Pala Wine 

•ith :reraentat1on t1••·

•
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11'1&, 27 

N1troaaaine oontant ot Pala Wino var1ou1ly 

treated. 
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28 

ff1troeaa1nc oontent ot Palm Sap Tarloualy treated. 
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Con�lua1pna 

81nce prosreoo 1n tarmentat1on 1e dependent on the 

act1v1t1ea ot the tunsnl end bacterial population 1n palm 

wine (naaair, 1968), 1t aight be poooible to rolate the 

inoreaae in nitroeacline content or the pala Wine eai:rplee

with fermentation t 1me, to the act1Vi tiea ot these org&n1e11e. 

Tho similar trend observed wt.en palm aap wae allowed 

to term.out Ji a an add1 t1ona.1. evidence in aupport ot the

direct involvement ot the tormenting orgu.niame in the 

torution ot nitroaalline in paln 111.ne. 

Oonoluaive evidence 1a drawn troc the eontrol 

ex;periaor.ta whore ter�ntation waa arrested, (1) by 

treclSi.ng the auploa, and (2) by ater1l1e1ng the samples. 

Ro direct relationahip auggeotin 2 inoreaeo 1n n1 tl"Oaamno 

content with termontation t1Jae wae observed then, and it 

would appear tbll.t the nitroear:line found in those aamploo 

after treatment aa above, 110uld be that •h1oh hod been 

ton:ic�, in tho anaplea prior to treatment. 

The detootion ot 00110 nitroeamino in the !N>zon and 

p .. rt.1culcrly 1n the atoril1ee4 palm sap auggeata that ei.e 

nitMaaaine 1e ror.:u,4 in the eap vh1l•t within tho plant. 

Th1D vould con.tirn an oarllor tin41nS bf var1oua workers 

1ncludtng Duplotee (1969) that a epontaneoua reaction 

4oeo ocour in pJ.unta bet 64111 eecont1a1•y aainca and n1 trite 

to tora n1 troauinea. 
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An explo.nat1on of the role of the fCJt:lenting orpniaaa 

would bo  tho production ot n1trono•1no precuraora during 

their diveree metabolic procoeeea nnd a poca1ble 

1nteraotion between theeo and. n1 tr1 to lonn to form 

n1trooaminee. 

That only d1methyln1troaamnf! and diethyln1troea1111ne 

have beon detooted in 1)51.m wine ouggeeta that e1 tbor 

41cethylao1na and diet.l\ylar:line are the tvo �at reo.dily 

formed aeoondfl:r;r fllll1nca durinn the act1V1 tieo or t.he 

:teraonting orpru.oga or t.hat they nre tho tiro 11oat

readily available aooondAl'J' aa1nao tor nitrooation under 

the prevn111ns oonditiona. 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



- 131 •

lllVID'l'IOA.'PIOlf Jll'IVR 

2, IJ1VT3'l'IM.'l'TOH 5a. 

A ptudy of nome of thn '8iochento11l ettootg qt 

uttro1"o1,ne. 

l'rffioua experiments b:, variowi workers haYe 

deconatrated unequivooall:, that d:S aetb::,lni troaant ne 1a 

pr:l.marll,y a potf"nt hepatotorin, ( •• am Inmeo, 19%, 

1963, 1967, 1970J Druckre:, et al 1968; Preum,n et al. 

1965, 1966). 1'bo purpoee of th.ia 1nYeat18lltian. 1a thoreton 

to aaoeaa the level ot alterntiona 1n ao11C1 of the bi'°ahtmical 

functiono ot the liver 'Whiob 1n comequcnoe oontr1buta to the 

hiatopat holo�cal lee1one charftotar1ot1o of djNthylnitr(len•1ne 

p ois <m1..ne. 

(a} Rrporimm tal. Animla • 

Littermateo of vhi ta albino rate 1.mbred in tm 

dapart1:1ontru. animl how,e wore w,od 1D thi.e inveatieation. 

'i'be l'llta oeleotod vere al 1 maloe v1 th ve1(jlta rnngi.q; fl'om 

99 L 1 02 eram.

(b) pint. fbe diet of the oxpeTiJ:l.ental rato we tbe

•took diet tor r3tu puroh&laod from Livootook Peed.a Bi;. • '"'td.
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(o) 18.troB!'ln1no.

Cr.ldod &t!Ounte ot dirllothylnltro••1no vere fed 

to tho rnto. 

Procedure. 

(a) 

Poer rato vero plnoed on eaoh trotiti:iont but �oh rat 

vnn houoed 1n n eoparate 11ctahol.1o C!l.!!e. 

(b) nonJ.Jy< v.tth l11troean1no

Dimethylnit�aaarlne vna v.aed. 'fhe levela a4c1n1etere4 

vere ae enUDen.ted bolov a.a\ the route of adllliniatratian 

•• onl v1a the drtnkine vator.

• 

(1 ) 1 ()()ppm DMHA 1n d ai.ly dTSnklng ntor. 

(2) 50ppm
fl fl " " fl 

(:5) 0.1ppm • • " • " 

(4) Pv.lm Wine 1n pl.ncc of dri.Dltilsg vator.

(5) IJ()x1 s J dri.nking water.

•n1troaam1no level in Ogogoro.

(o) Bttrl.ronarental con41t10JUJ

Tbo experiJ:IOAte •er• carried out in the deparbental.

A.n1 m 1 house where the ra ta vore oxpoaod to o 1a1 la:r.­

envu-onmontal. con41t1om, i.e. temperature, rclo.tin l>u•1d1..ly, 

lieht, eto. 
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(d) Aeon,: P!!1',1.o4

Aaaay period wae for 15 deye on each •4rog" t;x •tmont.

(e) �Mlytionl techn.iquea

lfhe amlytioal techniques rolnant to th1a 

11lve11tiaat1on are deoortbo4 1n detail 1n Chapter Ill. aoctione 

9 - 15. 

At the and of the 15 daJ tril!.l period. ".'ho re.ta were 

4eoap1to.ted and oel'U.111 vu oolleoted. troa tho1.r blood, Sert1111 

of an1.,1a on 1he ow trial wen poolccl before the varioue 

4etemillat1ona vore •de. 

Ori terin for ,Tu:lmn�en;!i 
• 

(n) �l.uonce of the Vlll'iou:s (irll,ded levela of

di.methyln1tr<le•o1no on tho growth (weight gn1ne or loueo) 

of tti.o orperi.clantal rate. 

('b) Bioch.c.:nical. ettootD of the varioua "drus• level.JI 

u eat1cated £rom the folloviD,g liver funotim test•:-
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1a1s10L001c a,om

101. 'flST

1, �Ue 
Pil'Jlent 
V.otnbol1u 

- 13'+ -

81 OJlll'ICA !IJ:1 

(a) 

Serllll B1llrub1.n 1.n41oatea failure of th•

11Ter to excrote bil1rub1.n 

produce4 1n the roticul.o­

endothel :Sal ti.lleue fro• 

(b) Urim
UJ'Ob:Sl:\n�en

the catabol:S..• of the 

Incren.oo in ar 1ne 

urobil:Snt,gon aa:, oocar

1n ooq,leto ob:Jtr11ctian 

of tbo bUo duct and 1n 

bocolytio jaundice. 

Al.eo 1ncnaaod blood 

dcotruotlan :t:ro• any oaue• 

urine uro'h1l1ooeon lewl. 

ur1oe urob111nocen ICUl;f al.Do 

be iDcl'OIUled in �a nge to 

tbe b.epo.tic parencbyla. 
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ffiBIOLOOIC 
IAIJB JOR .,fJl.lllft'f 

2. ozyg
ACTIVITY

3. JIBTAllOLtO
lUJi'IJTIO!ra

(a) PRO!EIR
SlifflESIB

• 1J5 -

(a) Berua
A.lka.11ne
Phoephataae 

(b) Del"WII
Olutar.rl.c
oxalacetnte 
t?,1ns 
(BGO-?) 

inn.eo 

Serum Protein 
lovol. 

s1on rou 

Since alk:al tne

Ph0epbtaae 1a DOn:w.J.y

excreted by the livo r,
theao valuoa nro inoNaoe4
1n oltat�tiva jnund1co.
In o Pa.ntly h!\oir.olytto
j und.ice thero 1a t10 riae.
Ynr.toim othor tnctoro ouah
ft8 hepatic da1'116e alao
attoot alkaUne pboephataae
actirt t)' 1ll the eerue.,

Injury ot the hept1tio
tiooue a accompan1od by
eltrvn.tiona in eerw:a

glut�':11.c ozal.Acotate

hnn:, lciDl.\89. 

H.n,oprotenemia 1a7 be

due to 1Dadequete dietary

protein 1.Dtake. In

addition, 1ll aoute and

ahronio llnr dia••• e.g.
oinhoete, there 1e a
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FH!BIOI,0010 
i».. l l(:R T '.i' 

b. OA.RDOlltDR.ATB
?!R'?A OtmM.

!tOBUltc: 

- 136 -

Dlood Suco-r. 

SIOll\'iURE 

Gc:JOral tcndcooy to 

hypoprotcnol'l.1.a. � 

llovuity of hypo_protonnia 

i::a.r oono oo n c.ritcrion 

of thfl d85NO Of dru:nge, 

'l'bo charactor1Dt1o 

ouga.:r of the blood nnd o'f 

tiea\lle fluid a io glu.cooe. 

�o 11 ... or !D 'Ul.o ori:;c:.n 

prienril:, rooponeiblo for 

the regulation of bl.ood 

gluoooe conoentr\tion. A 

rio e or -tall 1n no 1"":lll l. 

blood auger level 1a an 

1.nd1mt1on of aoco 

nbnormlity i n  tho 

functi oni� of tho liver. 

Prom tho oboorvntionn r.nde on 1ho growth of the 

exporiaontal ra�o, ,. lolfol of con'tt\"'lnntion of 100ppm nnd 

50ppa dimothylnt trot'em1ne J.cproao:l.voly rotardod grovth of 

the •xport•on+..al ro.to over the exporimontCLl period,

•
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l leffl of eont��jn��ion �f 0.1�p� (1.e. l�ol of ntt:roeao.1.M

found 1n OEogoro), dlilo not onpportillc Growth did not cause

appreciable to1l. Rn.ta :m :po.l.J:l vino (for level of 

nit roanro1no 1n PoJ.m V 1ne), m:mif o etcd good BTO u-th and o.hovod 

better ,roigh t {IQino 'thnn tho control, prolnbly bOCt-.uco of 

t.be v1 tomina and othor arowth pro11ot1.n:=; fnc..-toro 1n pall:: v1na. 

The liver function toots ahov tha.t co:wo of the 

biochemioal. offeota of di.mothylnitronnntno po.I. a:nine u-o o 

reduction 1.n oeru.ci protoin lawl; nn i�'!'O!loivo rioe 1n t.1.19 

1-vol of bl.ood DUll;llr; 1.norcnco 1n tho ooncontratian aerw:a

bllirubin ooupl.ed vith a ollGit riso in urine urobiJ1oot.ten. 

There vno al.eo n ahnrp increruse 1n tho lovel of oeruD al.utom!.o 

oxalacetnto trnnao.minnoe. 'l'bo e:ign.ititudo of those concon­

tratian clu,.nzee vero proportiorn,.) to w:ou.nt of to::r.1D 

•clm1n1eterod.

rho ovoro.ll NIGUl.tc o.ro shOlfl\ 1.n table II Md 'tho 

empbD ahov the trend o:t tt3 vnriow, Nou1to. 
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2:tll 11• 
'l'HI WIO't 01 NITROSAMP!I POISONIRO 91 J,IVP JOJ(CTJO'ff. 

I
I 

- T. � v ·r {ffll ,.,..,r:� J IIBAff lmAN MEAN 1 .� .  

START LAST WEIOllT TOTAL BLOOD SiRUM OOmB 
\lBIGHT WBIOBT GAW SIRUU QLOOOSE BILIRUBDt laOBl-

ffl!ATM!N'i' OP OF I OR LOSS PROTEill ay/100111 mi/10011 l,IJIOGII 
RATS RATS (OMS) (0/100ml BLOOD SE&Ull (&ltft 
(o:�) (GllS) BiRUll) lm) 

\ 

/100ppc Diao t.h7ln1 t roaam oe 
1a W.ly drinking water tor 100.1 114.5 +14.4 5.0 141.4 0.26 1,8 

15 daJa, 

-./ "J)gpD D 1 ex, thJl n1 tro aami DO
la dally <lr1nking water tor 100,5 116.1 +15.6 5.2 134.2 0.20 1,5 
15 daye. ts 12 

0.1 r.o DiC!J t.hJlni trnna•1 no
111 111.J drinking water 101.0 126.5 
fv 15 do.fa. �o.a 

+25,5 6,7 87,8 0.06 o.�

Pala l'Cpl.ncon drinking o.&5 100.9 130,9 +30.0 6,7 89.4 0,02 •ter tor 15 cta,1. ii 7.5 

I 
o.&a 101'111, uncon�roioa tccl 100.2 129.8 +29,6 6,8 86.o 0,00 4rink1ng v.itor tor 15 dn11.

At14LIII SIIUI GLIJ!. 
Pl>SPIA-llc WCA• 
"811.t un 

UJlft "' ID-
• 11'::f.

• 

1,10 •. , 

1., 22., 

-.10 11.0 

,.co 
a., 

,.,, 
,., 

I 
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HOf'fflOI dtlf''lt"IO wo,,, 

I 

• 

• 

1 3 

1\04 

l 
.. .. ,,

.. . 

. ..• •• 
. .. 
• 
' 

sucu• 

•• •••••
...

' 

s 

.. , .,\, 

I 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



- 140 -

concluoion 

On th!.- booie of tho Oll'J)eriments oo.rr1od out in th:1o 

1.aveat:18ntion., eoac.e or tho ear¼ biocheolcal ci,eo,:na inducod 

by di.methylni tra,om:1nn in the oouroe ot proi;reoo1vo llvor 

dam\80 oro (1) an impnirmont of bllo p:teoont metabol1Do o.e 

exbibitod by inoroaaoo in ool'Wll bllirobin end urine 

urob1 l 1 nogo:n; ( 2) 1nh1b1 tion ot pro to in eynthooio ro8Ul ting

in a fall in eerw: 'Orotein lovol; ('5) diatuption ot the 

blood oacnr reBU)Atory mccbon1fltl loc.d:1..na to o. ob."rp r:Lce 

1n blood OIJ8Dr; (4) A conoidorablo lll!lkrco iJrl:o tllc blood 

of the onzycieo primar� produced 1n 'the l.i�cr o.r,. nllro.line 

phoophllt:o..oo c.D4 oorum gluto.oic oula.oototo tr�a1nnno. 

iheoo e.ttoctn aro not limited to hieh dcoco of dit.lotm,·l­

n1troeom1no l\B rato on 0.1piD (1.,o. lsvol ot n.itroo,u:;.ino 

found in Os<>lfOro) :uoo ohovod tho eaco trend. al.thonr,)l in a 

11111ch looo rc:::ir:.W.blo QJUler. 
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A. study of the pntholoi,;ioal otteota 9t n1troOMJ1n1

ill \,he Rnt. 

Procedure 

(o.) A�nt of the Rats. A group of ten "11te 

alb1Do rat1 ,ru placed en en.oh trca"tmcmt. The anuneoaent 

w.a repeo.ted with both nn:ee. reepectiff�. 

(b) 'i're!i'tl!nnt. The rate -.ere pl.Aced on etoct ctt.t

&d llb1tuc. Doeil\! with nitroi,a11Sne waa ozal Tia the 

41'1ntsne water. The doe• ad•1 n1 •tered nrc graded a.e foll.OWII:

Gwu:p 
• 

• 

a 

It 

II 

• 

• 

• 

• 

• 

• 

" 

• 

• 

(1a) &:ta placed on dr1.nld.Dg wator contatning 5()0ppa rn
(1b) 
(2a) 
(2b) 

('8) 

(3b) 
(44) 
(4b) 
(5a) 
(5b) 
(6a) 

(6b) 
(7a) 

(71>) 

(8) 

Pleah 

• • • 

• • "

• " "

D " "

• " "

II It •

• • • 

• n " 

• " • 

• • "

• .. •

• • • 

• " • 

riorMl drinkiJ:IG 

eolutioms voN 

• • • • • D!IIl
• It It 200 • Dm'.A
• " • • • l8JIA 

• • • 100 • IP.IA 

• It " • • 

• " • 50 It 

" n • • • Dit:A 
" • • l?5 • IP.IA 

II • • 12.5 • 

• • • • 

n • • " 

• • " o., 
• ]) 

• • • • • D

tor. 

0 cb 4n7. 
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Reeul.ta. 

'eho roapomoe of tbe vnr1.ouo e;l'Ol.lpe ot rnt• to 

the Tal'ioue lavola ot cont.Aci1n'lt1on ot their d.r1nJdJ:I« water 

with ni.tl'('nam1no .. ,rere aa tollowo: 

Group ta: 'Rate on 500ppa D1Jletbyln1troaan1no in 

their d!Uly dri.nk.1.ng water. 

Bflhanora1 Chanrrea. 

Yoo4 iJ.:l'tu.e o f  tbD mta an thia trentn"Dt 1n the 

firtrt �our 4o.:r,, =a 6 grru:a Be cocpare4 wi tb 1 O sna tor 

the control group. HoweYer than waa a llharper loao at 

appetit , nn4 toad 1.ntok• fell to a dai.13' ll'f'On\l!'8 of , cn:a 

1n tbo ccoom veck, and o. 3 grnm 1n tb• thi.rd YCek, by the 

Cl'! at vb1oh aJJ the rate bad 41e4. 'lhe rGta etBrle4 l.ooilsg 

"ieht fi-o:::. their eocon4 day on thia trente'fflt •id tt-, • 1r:u1 

t p1cturo 1hrou(;hout the axpff'iJ:r;Ut. By tho third vcek the 

wnn w1{}1 t of tho rot• hnd foJJ.en fror:1 t.bo �� otnrtin,s 

vo�t of 150. 7 gri:lrl'J to 116.0 gnu:a. There ea nlao a m:i�kcd 

nbotlan 1n tor 1nt.nko. Dy ih• eixth day all tbo rnta 

appeared :111, e1tting quatly vith nitt1ed hair oont, vet 

eep•o1any orowJ4 '.thf, en orc::ui::i. '!!loo that atte u,;:i to 

� � o wobbl 1 t. !bi 130a\ atriC:Z:b:IC atonal 

detect v:u, tlle anr od c=U10iation of fl..ceh. 
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- 1 .2 -

Reeul. ta. 

'fbe reeponoee of the vnriows erou_pe ot ro.to to 

the TBrloue leftlD of contam1nat1on of their dr1nJc1.n« ntor 

nth nitr088m1noa wore n.o follovo: 

Group 1a: Ra"tn on 500ppm :pimethylnltroeo•1n9 !n

their dAily drinking water. 

Poo4 intake of tm n.te an thiD tre11:tr: .. nt in the 

tirat !our 4aya as 6 gru:a oa coCl)nre4 v1 th 1 O GfflCD tor 

the cont"rol. groap. However there waa a ah!lrpar lou of 

appetite, nn4 foc4 intake fell to a daily rm,rap of , ,:;rw 

1n tho oecODd •ek, am o.' grnm in the tbi.rd wou. by the 

Cid of vh1ch o.l l the rate had 41&4. 'J.be rate otQX"ted l.oei.Dg 

w1£ht fro,.. their aeeon4 4.ay on thiJI 't;re!l.t=nt end th1• -..n 

the picture throuchout the Ul)ff�nt, By tho thud week Uae 

weu veit}lt ot the rut• hod fallen ho111 the 1Ul atnrtin6 

v idlt of 150.1 eraa, to 116.0 en,aa. There • aleo a cnrt'ed 

rec!not1.on 1n •ter intak • By tbe o1rth d� all the ta 

a_ppeo.red ill, sitting quiJltl.1 v11h ruttle4 hair cont, vet 

••pe..dally around tb8 an o�· 'iboae th t att1t t to

nl.lc tnd 0, vobb1cd gait. � coat a1:riC::illl: crtema1

d.eteot v::.n tha .-rlto4 e=LDDiaticm of tleeh.
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- 14} -

e- :first l't\t to die on tbi.e trentcent did so on 1h• seventh

uy after on aocu.mulnted intake ot 29.1 =,g. dmstbyl­

n1troeo.m1Ja. And ttlo lAet rnt died attor a total dose ot

40.6 1116• r'o.anle nta rtJDponied 1110:re or leea e1e1Jorly to 

thia trentcant ae the col ea. 

Pntholo,rtcnl Qh.nn8!8. 

This law:!. of diaethyln1-tl"Ot'aQ1ne proved to "be 

acutol:y toT.1C to tl1e experil:tontal rnto. At autopsy n l l  the 

rsto on thio t=oa.bont ahovod cxtroa:, cr:uoillti()?) ond body :rat 

1rtlD oomplotoly oboont. 1'ho :roto al no oboucd the presence of 

emll aaounta of blood stained flo1d 1n tho poritonoal oavi�y. 

In eomo rate thia fl\dd bad a colour und coD.D :Lotenoy 

approach.ins that of pure blood. In aomo othero it ,mo orange 

or almoat oolourlooa. '1be oou.rce of theee ho.omorrb.agjs 1.nto 

lloth the Jleritionea.l cavity and Jnc:cn of tho cat vno not 

o.pparont. 'rho livoro var6 omall and �le, but regular in 

outline. 'lhe panoroo.o vne oedomtoo.a wi-th ajellyl:lkn 

nppeo.rn.noo. t oell.ulor lo'Vf'l. tbo l.i.ver vae intoreeoted by 

irrogultl.rly chapod bando of ti.sllUII ooapoood of hepntio collD 

1n vo.riou.o degNeB oi' doeonoratian. BUo duct proliferation 

vns ooco.oioml.l.y soon. 
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144 

fbe luneo ,,era a,omo-..hnt COJ\1cotod and in 001:lO rots shoved 

,innll hnocorrb.og1.o aroa.e. 'fho 1:1.dnoyo 1:oro non::inl but the 

nplct,n wa ehrul:on nrid h:i.d n 03l'kclly rcdl�cd :rod-coll 

OQnteun�t�----------------------

. ;,,... 

rm . .30 Rat liver after into.ke of drinking water 

ooDtom1rn,.tc4 to a loval. ot 500ppm with Dimotbyl.:, 

nitrooom1no tor 3 veoks. 'Irregular formation of 

fibrous tisoue B and Lo X 3o c,. 
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Group 1b: 

- 1 :; -

Rnto on 500np:p D1.nothyl..n1trosru,J.ne 1n thej.,r 

4n1.ly <1:1".'ln\.!i!''l vntor. 

llfWlviOml Ohtlrytell. 

Food 1ntoke ot rato on this tx 1 •tcont toll.owed the NIIO 

trend aa described for their oounterpirto on cn oqa.iva.l.ent 

doee of dillaothyln1t:ro1JOL1ina. r.nme4 eac.lation of flesh 

vaa iaea1n G. prnaj n-mt !eature, but; the t:lrot rat to die an 

tai.e tro .. t,,oent cl1d eo a.t'ter QJ.1 &loo11a1J ,• tctd iutwl:c, of 60 

on the 18th day. Again mu.le and f•Mle ruta exhibited 

11Jo1lB1· behu.vioro.l. N11poma4HJ. 

Bavaro dacnge to the fJl"ODG compooition of the internal 

O:r«nn:J \f30 not obcorvod. Howovor the livc,r nPl)o.:u-cd oi:nll 

and conr:;ooted nnd .1n all tho rnto tho pancrcno nc 

oodoe!lto,lo. Collulor dn-;� Vll.D o.sn1n roetrioto� to tho 

livor 11.nd tho rod pulp of the oploan wno repl.-10.x\ by l.Arp 

palo oollo with -vac·1ola'!:ttd GJUnulnr cytoplaa. Acuta 

hyporplnoia w.:io the otr.lokiDB fentu.., of hopntio dftnllGe, 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



,roup 2.a: 

- 1i.6 -

Rate on 20Qnp11 D1Aetllylni troonnine in thek
dnily drinkire " tor.

ffbavior.u QhAne,e: 

'Food 1nto.ke l&M 8l'Ovth ot tho rato CID thia trstmont

wu on 1Jte <1ool1ne th.rouauout the expen.nt. 81m1Jer

obangttS in axtorml fo11turoo wen, noted ns for rnto 1n

group ono. Bovovor the rnto on thia treabont &UrTiTed 

for a lansor til:lo - oix voelta u 001:1p4Nd 'rith leoe than 

three veoke rooorded for ro.ta 1D (t?'OUp one. lly tho ti.lllo 

the firot rot died tbo monn wo.iolt of the c;roup h.<1 fall.an 

from the moan etnrt1.nc woiaht of 150., gn.m to 91.4 gnu:i.o

tor fomale rota m:d fro11 150.6 gra.ae to 94.4 snu:m for the 

Ml.ea. 

Patholo,",1oa1 leoiom: 

rn thoao re.ta d� after fivo woelm on thin treo.tment

the livl?r vao amll, pale and eom'llhnt 1.rre-i:o.lc:- 1n outl1no.

The edrce of tho lob«J ,rore folded but no tw:io11r vns oboorved.

llu1tolor,1.ct\l nbonguo 1n tho liver 1.noluded ne�rorti 1o of tho

hepatocyteo v1 'tb oondODl!1't1on of tho rotioula::i, bilo duct

proliferntian, ooll byperplas1A o.nd tb.1olrnn1ne of the upper

capeule with M 1ncrcaoo 1n retioular tibroe. Pivo of the

:rata on this trontmcnt b:ld l1.11e..,orr� into the r;ut. '.l'ho

anount of tb.18 vna aca1n v,riable and in cno ro.t i t  vu 151"1L
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In all the r n'b tro P!lno:-e:u, 1l':'UI oithor ood.o.:::nt0Ut1 or 

proo.l.nontl.y wJu to or Ol)'.lque. There 'V1lD a ::nrll:od reducticn 

in tho nunbnr of red cell.a in the oplcon • 

.Ln thooo ro.te vhoao otomcha 1roro dlstandod 

hiotoloaicul ox.nmi n:itimu, choved no dotoctuble datlJ:l60 to 

tho vnrioun pn.rto of thiD oraan. Thero vao r.o vi.oiblo 

dc."laeo to tho grooo otructu:-o of tho kidney on4 1ta fi.re 

otructuro revoalod no o.bnoc,.11ty. All the otho:r orgnno wore 

nl.Do intnct. 

Grt>tffi 2b: �ntn_ nn_200ppm 1>1.ethylntt;i::aeo�tne in thoil­

dt\il.y dT.1.nlcin."t 114tnr. 

Behav1.orn.l. <IhnJ16!0: 

ihoro vao a grodual faJ l 1n food intake end growth 

vaa retarded. Both aoxoe vero �feoted as 1n tti.o othor 

gl'oupa. 'l!be death rate vaa howver lower on thia treatment 

tb:in on tho lruJt troatmont. The J.o..et mt to dio on thia 

trentllont did oo �tor tbo 8th veek, with an acoumJatod 

diethyln1 trooom1 ne intake of 11 OM. 

Ohnn.�o 1n oxto'l'1>83 tontarco voro oboorvod by the 

fifth ,reok. Tllo ho:S r cont 1"18 �lod ond the rnto vero
Weak. By Uio 7th wek tb o rota b:ld loot much floeh that

they apponred. bony and ropul.oi.ve.
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- 148 -

JIO �jo1• llbnorru,lity trnD Cbworved on 1.ho (P.'080 

oonformntim of tl10 vn:riou:, OJUCJW and cwn tbo liver we 

only arrll and pnlo. 

In aJJ the rato tn•r• vore evidenoeo of haemorrl>agtt 

into tho cut. Tho ploural aurfaooa of the lUD,£11 ahoved a 

number of discrete brown atatm scattered over Ui.ea. 

JiiatoloBical.ly the llirer ehoved acute liver injury vith 

oonoidornbl.o variation fro• an1ml to animal.. fhe bo.nda 

of :ueorotio tiaeue ohond variation 1n the proportion of 

ito d.U!erent conat1tuenta - der,enernting bopatw eel.ls, 

red cnllo and red coll debrts, 111t.oropha1I90, fibroblaota an4 

:voung oonnoctivo tisouo. 

no. 31 Rat liver aftor intake of dr:1nlr1ng vutor oontom1nate4 

vith 200ppm Diethyln1troeom1ne for 7 veoka - shoving 

extremely oovore stro.otu.ral change• n & B x. 3 o 0 •
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oroup :,a1 

- 1,., -

Jto,tp on 1 OOJ?p• Dimeth7ln1 troaru:iine 1n, 

their dn.ily drinking water. 

Growth of anSmnJa on tbie treatment vu o n  the deoJ1ne 

throughout the experiment as vas the oaao with the earlier 

STOUPO di.Bow,aed. Thero wore however aoce increo.aoa in 

voS/plt o.lthouah tho ovoraJl picture was that of P"OYth

retardation. D7 the fourth nek the rato appoa.rod puffy and 

food intake had atD.rted to foll. At 60 do.ye the moan we1'#1t 

ot the group vae only 65" ot that of the control. All the 

rnta died between the 62nd anl th.o 90th da.y on tb.1.o treatment. 

inthololtical. Leaiomt 

Thi.a dooe al.eo proved aotueJ Jy to:d.o. Ji!mn"iatian of 

flesh wao again app,.ront but oo=o body fat ne present. 

Bffen of the rats bnd bnecorrbngo into the gut. In one 

rat the nmoWJt of thio vaa ,0m1. '?hie 1n faot vo.o ihe 

hiBbeat amount recorded throuahout tho oxperimenta. 'l!le 

livore vere emJ l er tban thooe ot tho oontTOl., but they 

voro regular 1n outl:S n11 Oll4 aor::10 had fatty lobes. In all 

the rato tho pancroaao wan qai.n oedematous. no twnour YIIB

observed on any organ and the llvor no oh&raotorieed by 

hJ':perplaatic oondition • 

• 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



- 1� -

In eomo rota the apl.oona wore quite ,,_, 1 while 1n othere 

they vere rother large. Th1e organ had a. reducled number 

0£ rod blood celle. 1!ha )(1dne7e vere haeoorrbaeio. The 

teatio wore ot:18) l er than thoae at tbe control but thoir 

fine atructuro revou1od no abnomal1ty ot � tom. 'fllo 

ovnrioe too woro intact. Tho oluunoteri.otio oodcmtow, 

foa.ture of ihc po,noroaa wo e,sain proninont. 

. - � 

no 32 Rat liver a f t  or intako ot drinld.nB vater 

conti,.runsted with 1001)pm D'ffi,\ - 8hovin5 bile duct 

proli.ter.\tioo... JI & B X. 300. 
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- 152 -

Group 41\1 }?n.tg on 5Qppm nie�!hylnitrosnnine in 

tboir dnily drinlrioo vnter. 

�hio dooo !):roved more tolerable than 'tho provioWJ 

ones, no i'oa.'l intnlfo uon normal tor o. loneor tiillll, ad c� 

etertod to dooroaAe oftor the sevontoonth vt'lelr. Voi&}rt 

cai.Jm vore n1oo rooordc:d in the .tirot 1'ivo roolal WJd vbcm 

tho onimnls started to looe voiaht thio vao very 6J'lldual. 

Ey tho tveli"th vook hovner looo in ._,:!6h t hnd bccoco 

appreoiribl.o am the rats vore looking quite ill, o1tt1 ng 

qwetly !or coot of tho tinD. Tslter tboy otortod to oh1 .nr, 

and breathine beoaco di.ttioul.t. So:::ie of the rats md aoree 

e.rowxl -U1e throo.t and the ONO.a aroum the eex or� vere 

vet. ftlo ho1r co:Lt wne broim lnstoo.d of the charaoter1et1o 

gloer,y oream colour. By the nineteenth veok the rate had 

become ao veak tbnt they wore anreaotive to teaaiJI& •n4 

food and water intake bad become impresoively lov. 

Pntholo,rrical Loeig: 

llo1.o dying o:ttor tvonty vecka ehoveil £J"ODD abnon:nlit7 

1n the l ivor otruoturo. 1'h.1o ort,""1n hnd iti; lobeo o,rollon 

6Jld t 0,10_, e.nd ,ron aatortod by n l&l'tl• rubbocy ao on itt1 

p:roxiwl uurtaoe rooor.bling a eaeoom. 

�o bQd tw:l,Ours on their liver lob••· 

:rour of t.ho reto
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- 15.} •

�eoo outgrovtho voro 1hit:tah a.u1 roun:loi ot.ructure• 

protruding juot owny froD the oa e of Lh• l obes. 

Hiatolo(Jicnl ox1J1111outioo of the tumour ahovod no defined 

otl Julsir urgauiButioo. The parta of the llvor wore there 

vore no tw:our ehoved 0u.cl1 lcwa genorul oollular dai!n60• 

llovevor thoro v:io o gonoraliood incrOA.Do 1n coll o.use vi th 

lnl·i:;e nuolo:l. on4 mwlooll. 

PIO. 33 Rat llvor - Pnrt ot a tumour oho'11J:l8
cxtrei:.o amplaoia.

• \.\rE
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- 15:, -

'1.beno outgrowtba voro ubitioh aal rounded otruct-.iree 

protru41n8 juot nwey froc. the oa -e ot Ul• lobes. 

Hiotolo�cnl oxtl.'lllnution of tho tucour ah01to4 no defined 

oolllllor urga,u.ButJ.on. The parts of the livor wore there 

vere no tucour Gl1owed cnch lcn.o senoJ'111 coJJnl,nr dllrngu. 

Hovevor thoro vao a t,0neralieod incrcmso in coll ollle 111 th 

lnl'GG nuolo1 ond nwilooll. 
-

FIO. 33 Rat liver _ p rtn of o 
m:t:rece Olll.lpluela.

-

tuaou.r oho1,11ng

• 1-'rE
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·�

P. tn on 500;,r: Dillt:mrLttit!:9 ow 

thniT dnil, drin • 111/". ,ntm-. 

13y tho 1 X>th de\)• on tT tncnt tlto ooa:n voi.Ejl t of the 

r.ouo ,rnn o1P,Jli.fl.cnntly lo,,:ar thnn th t o! 1h1t oO!ltNl.

rcl"o�,. L'o or.1 il1tako ro,1 nlDo .foll.on rc=1rltnul,,v. � rota 

had nbdocu.r:.u 1Ncllin£i duo to flw.i nccunul: tJ.on in tho 

poritonc:u. co.vity. Thio tluid pro\Jably u.u;lcc-.1 'I.ho dotoo�.i on 

of on enrl,,v loeo ot waiGlt duo tn cmc1n111on. n:, tl10 170th 

dey of troatcicnt all the rote h:ld died. 

?athologioal Ohan5'!!!1 

At neoropey tbore vu o. voriAble q•nt:it:, of f'luid 

1n the peritoneal. oavit:, and the p.,.noNQe vas oodemtom. 

Su.b-outnnoous odema over 1he abdo1111noJ val.l vaa oboerved 

1n soi:o :ro tt,. The liver was avollon, dark and mottled. 

r.o tur::ou:r vno observed on tMs orcnn, Ac14o i'ro12 n little 

cl11nr poric!lX'dinl nn4 pl.o\ll'nl exudate 1n aoco rate thero 

uo..-e no oth�r lccoiona viDible to tho Da'lcod-070. 

Hictolor..1.cal ci."t.ccl.n:i.t ion nh011ed vn.riobl.o nn4 lOflo 

t::tennive dNU'-60 to tlle livor. 
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- 155 -

The hyperplnat1o liver oolle hnd n17 largo nuoloi with 

lnrGO cul t1plo nucleoli. lio hiiltolosicnl evidence ot

d�,a·o 'tx> nny o\:llflT omen a obeorve4. 

-( 

PIG, 34 Rnt Uvor after i.ntam of dr.1nlr:1Jls vator 

contac1natcd vitb 50 ppm om - Shoving 

early centr1l.o"uJar neoroaio. 

HA BX. 3oc, 

=
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- 156 -

nn 0_ _ n1. 

tl\!'!i.'l' U '\J V (lr 

in 

BehAvioral Chrmn.oo 

Orovth and food intake quite norm1 nn1 the etteot 

ot the treatment wu not mn1t'tote4 until 1bo 25th week 

vben growth am food intake otertM to feJ J • 

.iuthol.Q(ti.cnl. Lc,otvnn. 

61% of the rate deTPlopod tuaoure which nre loooJ1aa4 

1n tho 11ver. Ro other orgnna aaide b-011 th1.8 we invo1vod 

in Ulo noo_pl.aotio prooeaa. 

'rhe 11ver invol.ved were gTOealy enlarged and had 

iml.ti'J)1e, pale e1ovatod codulee- Ocoa.eiomll::, the tua,ura 

appoared oyetio with a dark yellow coat-

Rnto on 25nr.m Diothylnitroonnino Mi
thci.r d1tilY dr1.nk1.ng wnter. 

'Rnh: .vioral Chnnt'f!D: 

C:rovth followd n z,i:;,�lor ti-om ac for rotG ill &l'OU.P

Sa. :inaro w:: not cucb to be ocen in tho «<torn:iJ l'C!l.turee 

o! tho rats. 
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b9olOgiopl Obanlt'eB I 

- 157 -

!be •in oxwan a:tfeoted vu a.ga1n the liver and eix 

of the rate ehowed 1no1denoe of tw:iouro 1n thoir linr•· 

In 100 rate the appendix wu dietended juat ae the 

1to•oh, OJld the ponorme wne oede=.toue. 

In -those pnrte of the liver vhere there vere no 

naour, the norm1 archit.:>ture ot tho llTer Vtl.8 not mch 

altered. 

group 6a: R11.ta on 12. 5pp• D!J:sethyln1 troaamine 1n 

their 4nll,y dr1nk:1ng Wt\ter. 

11ehartoral. Ohap.eea 1

'ftla rata were q_ui.te aot:1 Te thro1J8hout the erpert.ent 

am their GN•th airve waa qui.te normal aoept tor a el.1&}lt 

drop trom the J2n4 week to 1ho 39th, won the rats etarte/1 

to die. 

f!tholortcal. Leaiopo: 

ill tbe rate on tb1e treatment deftloped tu.our 1.n 

their 11nre. In aome rate the atOll8.abe were •nJorged 

&n4 the panc:reu vaa oedeantoUJJ. fl\e k1dne7 and the 

l"tst ot the gaotro-inteeti.nal tract wore ncn,m.l. 
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- 158 -

Group 6b: 
-

Rnts on 12, 5ppm Diethylni troea111ne in 

thier daily d.rirut1M ,mter. 

n,ertora.l Chnngea : 

Jl'ot muoh oou.14 be noticed in the external fea tnrce 

of rate in th1e group. 'l'heir grolfth rato ond food. intake 

voro more or leas ai.Dt11Ar to tbooo of ti. control an1aale. 

1!l,e rota 1n thJ.a group vero alJlo 'ftry ootin throughout 

tbe oxper1aont. 

PnthglodorLl �o.: 

The ohalV-Otori.otio liver "·•ee here wna aea1.n tumour 

gro'rlb.. The kidney am the other 01'£1lll8 wore intact except 

the panoroaa vbi.cb vn.o again oedeimLtous. 

Gl'Oup 7a: Rt\te on o, 1 ppa Dimethylni.trgarunine in 

their daily dr1nlc1n.ll' vator. 

�ehaviomJ. Chmlflee: 
, 

1'hex-. wan llardly o.ny difforonoe in 'the grovth, food 

intake and external features of rata on this troo.tmont 

1f'ith tbooe of the control. 
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Hg. 3S Doae NIJ>Clllle cune far aurtl-val tu.a ot nito an 

l)Nded leTola of Kltro&!Laino 1n thoir clAil,y drink1ng 

•ter.
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ccmoluo1Gn: 

Dimothylni troeamino and Diethylnitroao.mno nre V8J7 

potent liver oorcinoeem, prodac1n,g oovoro liver neoroa1a 

1n rote. Doth sues are core or loao oqaally ousceptible 

and the rooalto of th£ vnrious azpcr:1Jllonts r-ovonlcd a 

clonr llooo-rceponao rol.D.tionabip. 

An outstanding feature of the neoroai.8 1.nduood by 

dimetbyln1t�e&m1ne ant dietbyln1troeam1ne is its very 

bnemonbagic cbarnoter as the 11Ter lesion vna treqaontly 

aoco"J>8n1nd by bleeding into the gnetro-1.ntestinal. tract. 

fli.1s �eaturo ie howevor more prollinent 1D rats po1eonod 

vith d1methyJn1i:rooo.mine tbau 1D 1hoso poisoned with 

41etbyln1tr<>"DCJ1no. This ditteronco 1D prominence 18 

probably rolnted to o tro.otural di:tterenoea botween the two 

oompoante. The tendell01 to hao1:10ri'haee 1D 1he rat my be 

the reoul t of the action ot the poi.Bane on blood vessels. 

CbaJlgea 1n the fin• etru.oture of rat liver cells 

duri.ng th• development of the aoute necrotic leaion 

1nolude 11y�111ng and "fflcuoilJlation ot the erulosplull1o 

reticulum followed by prOBN&eive aoet1•tlot1on of tat. 
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no:: one oi.l\!;le ol'lll. tucour vse oboo1vod ou.,rgoutiDB 

tbnt irreapeotivo of tl\e loonl oite or nttm1n1otration, 

d1.eetb:,ln1tr00001m a:id d1o�lnitroe!lJ1i.ne aN hep!\to­

cpecifio. 

Lastly, it would apponr tb.ot tho toni:loncy twnro 

tw:iour growth is of a h1eflor probability vhen tho doaeo 

orn eanll, -f'or h1.�• ito,ea 50pnm - 500pp:, toni to kill 

the :mto t:>o onrly for the on oit ot tucour. 
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IIWF.STIOATIOR SIX 

Rtteota ot ditteren.t planea or Nutrition on the 
toxicity ot Dimethylnitroaamino in the rai. 

The purpose ot this Btudy ia to dotoraine how the 

ottects ot some leTele ot dimetb,yln.itroaaaine on liTer 

tunctiona are i�luencod by various planaa of dietary protein, 

T.xperifflentnl Prooedurpa:-

( a) Arrangement ot the Rxpori ental Ra ta

Pour rate wore placed on each treatment and each rat

waa houacd 1n a Beparate metabolic oago. 

(b) Dosing with Ni troallJline

D1metbyln.1trouaJ1in.e �as used. The lovela oda1n11tered 

wore aa enuaerated below an4 the route ot a4-1ru.atrat1on 

••• oral, via the drinking water.

( 1) 100 ppa Diaotbyln.1 troaamno in daily drinking wa tor

(2)
50 PPII

" II II " " 

•(3) 0,1ppa .. II II II " 

••(4) Pilla wine in place ot drinking water 

(5) fforul clri.nld.ng water.

•Ritroaa.aine leTol in Ogogoro

•• l'or ffi trooalline level in pala wino.
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ll'fVTSTIOATION erz

F.tteote ot d!tterent plano1 ot }!utrition on the 
$Ox1City ot Dimethylnitroellllino in the rat-

The purpoae ot thia otudy ie to 4etera1no how the 

ertecto ot ooae levelo ot dimetbylnitroaaaine on liver 

tunctione are  intluenced b� various planoa ot dietary protein. 

lxperipental Proceduree:-

(a) Arrangement ot the P.xper1aent11l Rata

Pour rato �ere placed on each treatment an4 eaob rat

wae housed 1n a aepo.rate metabolic cage. 

(b) Dosing w ith Hitr9a11111ne

Dimeth,Ylnitroeamine was uoed. The levels adJlinieterod 

wero aa enumerated below and tho routo ot administration 

wae oral, via tho drinking water. 

( 1) 

(2) 

•(3) 

••(4) 

(5) 

100 ppa D-1 .ethyl.Di troeamine in dAil.)' drinking ,:,rater 

50 PPII "

o.1pp11 " 

II " 

" It 

Pala 1ne 1n plaoo or dr1Dkins water 
NorllAl driok1DS water. 

•litroalllll1no lovel in ogogoro

•• Jor Ni troeaa.ine level in p11la wine·

II 

" 

"

•
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Co) rm1ron,111nta1 001191 t1ona

'?he eJq>ol'1aente wore carrio4 out ln 'tho 4epartsental 

Aniaal Howie whoro the ra t1 Wero expoeed to e1ailar 

env1ron.aontal oond1t1ona. 1.e. tenporatUl'o, rolat1To 

huaidi ty. l11ht, eto. 

(d) Anoq period

'i'he Aoaay period ••• 15 !!aye on each "41'ui"/d1et.ar, 

troatmont. 

( e) D1otar;y Arrangeraont

The diet• wero Tariouel,y prepared f'roa a baeal diet 

such that t.ho7 had gra.ded prot.ein oantont •• rollowe: -

Diet Ho. 1 o" Protoin (1.o. I>rotoin-t'reo) 

" no. 2 '" 
II 

" lfo. 3 10" " 

" lfo. 4 1," " 

II ffo. 5 20" n 

.. 
.10. 6 25,ii II 

The oompo1i t ioD.D of tbo baaal diot, and tho 11lt and 

'Yi ta.cin mixture• a.ro £iYcm in Obapter II, 1eot1on nit. 
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e D ot 1but on o� n Rela on to eaoh Grou 

100 ppm Dimotb71- 100 PPll Diaetb.71-n1tro•••1ne � n1 troaa•S ue 5,' 

50 ppa II 

Dietary 50 " • D1" i.....17 

0.1 " n Protein 0.1 " 0
Protein 

PaJ• Wine Lo-.el PIila Wino Lnol 
Rormal ••tor lloraal. water 

100P:PID Diaotbyl-
n1 tr011a•i ne 14" 

100ppm D11Lotb7l-
n1 troeaaine 20% 

SOP.PIii 
" Dietary 50ppz:i " Diotar,' 

0.1" " Protein 1.0° " Protein 

Pal• •ine Lne1 Pela Wine Level 

Iiormal water Hvt·••l water 

�OOppa Di-tb:rl-
n1 troana:lno 

50ppa • I 

0 .1" " l 

Pal.II 11'1.no ) 

Jloraal. 11'1lter 

100ppa D111eth7l-
n1troea•1no 

50ppa "
l 

0.1" n
1 

Pilla Wine l 

Roraal wAter 
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1e1ult8 

Prom the obaervation.e made on the portol"D&Dce ot 

Uto experimental animals on tho variouo dietary protein 

levele, and norl!lill drinking vc.tur o protoin-trco diet or 

one With a 5>, or 10!' dietary protein level would not 

eupport growth. 

A dietary protein level ot 15.� While aupporting growth 

'IOUld appear to  be ju.ot adequate tor maintenance. Rate 011

dietary 1,rotein levels ot 20� and 2� re1pecti vel,Y ahcnred 

aigne charaotoriatic ot normal healthy growth, However 

the ottioienc:r ot utilisation ot dietary protein by the 

e�eriJ:lental rate begins to deolino above a dietary protein 

level ot 20" 1 .o. "diainiehing return•" aete in aboye th.11 

laTel. 

The group ot animal• on pal.JI wino showed a eo11owhat 

tiailo.r trend in growth ae thoif' counterpart• on norl.lAl 

••tor. nut on all the dietary orotcin lovolo \O�, 5J, 10�,

20 and 25)) the rate showed atat1et1onl.ly 11gru.t1cant

111Provo�ent over rate on or41iuu•y water.

oro*tb roaponae ot rate on 0.1 ppm 4iaotb7ln1troe•Dine 

••• not oignitioantl,Y attocted on all the d1etar7 protein 

leTola, to auggoet any marked etteot

oonta111nation on growt.h, 

• 

Gr thia leYol ot 
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OrOi t.'l ••• ho•ov r ,  • NC1 bl7 4•PN•r� in rat•

41ot•l'J' 11rotc1n level•. n1 £NJ•Lb J::attem or t..M rate 

,oro not. aueh af1'oot � lft:on 41 t&1"7 rot•tn were o , s

&ll1\ 10 reapeot1 vo� 1n ooa,r.ar1eon W1 t.b � control g,.;,up,

•bore • 0110 nould hllvc ox,poct.od t.ho "drug"' to t\lrt.hor

1 t1on of t1aaue cau � l)7 thoao poor 

dl t.a. �hi ouc oet, that t.h ottoct or Uic carcinogen 

wao not 1'ull7 felt by Ula reta on protein 4ct1c1mit cUcto. 

'i'ho rea1otancc ot rato on o�. 5 &n4, to oo o c%c.ent 

10� cUetar1 proto1n loTole, to tho tox1c1 ty or 41aoth71-

n1 troaaoine waa oaply oont1rco4 by the rc.,.ll ta ot' tha 11 •er 

tw10t1on teota. 

ffi th rat a OJI 20, and 2,5;1 d1ctar:, protein lOYcl•, t.ho 

ho�to%1o1tJ ot d1ccthYln1tro11ontne at lc•elo or 10011im 

and ,50pp.c over the 0%por:1contal period ••• un.tfeotcd b7 • 

urked olo'Yotion ot the aot1'11t7 ot alkal1M pho1phata10 

1n the DCl'W!, apprec1ablo riae in aerwa glut1,1c exalacotatc 

traneaDJ.nAaoJ a aa.rked depre111on ot ael"W!I total protein, 

and an elo'Yation or blood ouso.r lo•el, and 011(1:ht lnoreaaoa 

1n ecru.a b111rubin and W'ine urob111noien, above the

nor l liatta. t1th lower dJ.otar1 pi-otcin le•cle, thcec Tarioue 
ortecto wore reduced an con be aeen on the sr•flh•• 

Wit.ha lo�ol or 0.1 l>Jlll t.he ettoota on llTer tunotiona 

OYer tho exporiaental poriod wero 3uat dotcotable.
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f!BLI x. 

ADDiflorI.&L 
Dilf TREA!rmm 

,. Romal Water 

Pala Wine 
PiO'.rBII o. 1pplll Jr..m&
PUB 

50ppa DMRA
tOOpJ.111 D:-nli

lol"C!al Water 

Pala Vint 
PROTBm 

• 

0.1ppa Dmfi LfflL 

50ppa DMDA 
100ppm Dmf.l 

Homa) Water 

'°" Pala Vino 

PROTBII O. tppa WMRA
LhlI, 

50ppn VTmA

100ppi1 Vl-mA 

- , ,, -
BPPRa? OP DI:rf!Rm PJ,N{BS OP 11t1l'RITI0'1 m so�m BIOUJl!Y9A Cfl1'f013 mpuqg

Bf DIME1'RYL1lITRORA.14D1E 
• 

T.T'/

XBA! JIIRJB JIIBA! 
SlARTlBG LAS'? WIGR'f 
WBIGH! VBIGHf GAIH 

'J:� AT.

SHRUM 
'1uoiiJ1 •nma

RD , ........ ti 
SUGAR Bll,DltJBII ORO!Il,I- ?HOSPBA- 00<>-f 
( ag/ 100ml.) ( cs/ 1 00nJ ) IiOGII � dB PROTBID In.UJH8) 

(G.) (o.) OR (0/100mg) (lmlLICH .L.OBI!S 
LOSS(O} tlBI!) 

100.2 51.5 -48.7 4.30 120.5 o.as 6.82 6.82 1,.5 

100.4 52.6 -47.7 4.50 122.5 0.09 0.70 6. 76 14., 

100.0 51.4 -48.5 4.30 120.7 0.12 o.e, 6.69 12.5 
100. 1 51.0 -49.0 4.20 124.1 0.12 1.00 6.80 18.6 

100.4 46,0 -;4.4 4.00 1t7 .5 o. t6 1,80 6.97 2',4 

100.2 59.e -40.4 4.60 115.1 0.09 0.80 6.50 10.9 

100.6 61 .o -,9.6 4.80 117 .o o.06 0.70 6 •• , 11.1 
99,8 60.0 -39,8 4.46 116.0 o.c:n 0.82 6.50 10.0 

100,4 56.0 -44.4 1' 4.60 124.0 0.12 1.21 1 .21 6,85 

100.6 53.0 -41.6 4.JO t 26. 1 o. 16 i.-00 •• 76 24.0 

100.4 82.2 -1e.2 5.10 5.to 1 .en 0.10 5.52 1,.0 
100.6 �-1 -17.6 5.40 110.0 0.04 o.ao 5.40 g,a 

101. 5 81.5 1, -20.0 5.20 105.5 0.05 0,72 5.92 10. 1 

102.2 82.5 _, 2.7 4.eo 120., o. 19 t,50 1.10 17.9 

100.2 75.0 -25.2 4.60 ,,o.o 0.22 2.25 7.,0 25.0 

I 
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JIit 

,. 
ll)!J 

• 
-
J.IYIL 

:r 
1.IYIL 

(OCfflD.) 

ADD IT ICl!f AL 
fUA!MBll' 

IOl'llll Water 

Pala Vine

0.1pJ11 DPOf 4 

50ppa mm, 

100ppm Df JA 

1'011111 Water 

Palm Vine 

0.1pJa D?tri 
50pJ11 D�A 
1 O()pp:i Ir.m i 

Iiomal Vntor 
Pala Vina 

O,tpJa D�A 
50pp:i mm, 

1 OOppa Ir.ll .l 

l'IBJll 

STmma 
VBIORr 

( o.) 

100.9 
100.0 
100.0 

100.;

100.4

100.2 
100.9 
101. 0

100.5 
100. 1

100. 7 
100.5 
99,5 

100,e 
100.1 

KCA?f 
LAST 
VIIORr 

(0.) 

11:,.5 
115.0 
112. 2
109.5
101.0

129.8 

130.9 
126.5 
116.1 
111. 5 

154.5 

158,8 
130. 2
120.,
,oa.o 

RBS 
VBianT 
o,m 

OR 
LOS9(0) 

+12.6
+15.0
... ,2.2 

+ 9.2
+ 4.b

+29.6

.. ,o.o 

+25.5
+15.6
+14.4

+3,.B
+'38,3 

+30,7
+19,5

+23.Y

'l .AL 
SIRUM 
PBOTEm 
(G/100cl 

5,90 
G.10 
5.77 

5,50 
5.20 

6.80 

6,70 
6 ,'/0 
5.20 
5.00 

7. 10

6,90 
6.80 

5,00 
4.·10 

LIVD 

90,2 
9',1 
91.2 

121.1 
1:,5.2 

e6,0 

89.4 

8/,8 

1,,.4 
141,4 

°'·' 

eie., 

ea.o 

1,,.0 
142.a 

0.04 

0.02 

0.05 

0.20 

0.24 

0,00 

0.02 

0.06 
0.20 

0,2' 

o.oo 

0,00 

0,06 

o.,. 

0,22 

o.,, "" 

O,TO 4.00 

0.61 "'° 
1,85 '·'° 

,.22 TM 

o.e ,.,. 

OM '·'° 

0,10 .. ,. 

2,40 ,.,. 

'·'° 1.10 

0,6 ,.. 

o." "'° 

O,Tt 4.11 

•. ,, , .• 

,.,, I.JO 
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Oonclueion 

The e.xporiaenta carried ou.t showed that a protein-ttoo 

cllot or one �ith • poor prot�in contont reducoo the toxic 

ottecte ot d1mothyln.1troaac1ne in rate, Thie 1ntormat1on 

wae sathored tron tho growth roeponeee ot the rate and the 

resu1ta ot the l1Yor t"unction t oete. Thie obeerYat1on 

therefore con..t1rDD the finding ot' Mclean a.nd t,llcloan 

(1910), and Bwan and Mclean (1970). ho reported that rate 

on o protein-:trce diet dovolol,,ICd aomo roc1oto.noo to the 

tox:1 c1 ty ot cli110tt17ln1 troaaaJ.ne. An explanation tor thio 

oparins ottoot vas adv need by Mclean { 1971) who reported 

that the motnbol!GD ot d1mteyln1trooaa1n� 1n the ltvor Cl&

r-eduoed b� lult when 11 protein-tree cllet ao ted t.o the 

Po1Gone4 rota. This 1n•oot1eotion thorotoro t'urt.her eupport.• 

the vicv t.ha.t d1s:cU,yln1troollllino itecl:t' iu not toxic but

thot the act1Ye principle 10 o aetabolitc. 
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and 50ug tetro_oyoline '--A---v =vohloride in water ••• adainatered
to the rate tliioe dal, � ., two days be.fo1•e the cXporiAont
and once every other "'·- 11 .. _ing .._ ""' the oxperiaontal period.

(d) F.nvironaentnl Condi\iona

'i'he eXl)or100nt vne carried out 1n the dopa.rt'l1ental 

ani :al house Vho.-c t.bo re.to wore oxpoood to l'ia1lar 

cnv!raru:icntal conditiono, 1.e. t�rnture, relative

hu�1��ty, 11sht, etc. 

(e) Aoea.y Por194

Auouy »cried oa ror 15 dayo on ooch trcotllOnt. 

(1') er; terlo for JudAeC!Ont 

1"b1a ea ao in iJIVootlsation 6,1.0. the ottoote of tbo 

Tar1ou.o treatio.ot• an aoao !'unction• of the 11 •or, Ti&.

Bile pismont aetaboliaD, aetabollo tunotiona (Protein ana 

carboh,Ydrote a otnbollnm), and roeuJ;nt1on o� ensyao aot1TitT 

in the aerum. 

Requlto 

1!he reoul:to obtained in thio 1nTcot1gnt1on oho11 tho.t 

in som-.trce rati,, j1,1at o in convcnt1onnl roto, an 1nt1-te 

relotionoh1p exists in the to:doity ot 41aoth7lnltroaa.m.1ne

and dietary protein 1nele. In both rat t;ypoa the toxic 

ottoct •a• •ildor on protein dotic1ent cUe\1.
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100.; 100.2 60.1 60.7
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0,84 0.75 6.95 ,47 2.0 10,2 

t.23 1.10 .76 ·.92 2.0 20,1

2.00 t.79 .64 ".50 .9 26., 
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ra_l!ll!· (C<mlllllll>) 
-

• 

ll!B03Allllil .. 
fW'fflUlT mll?� 

WfOGl!l 

(G.) 

A I 

Jiaaml tor ·100.9 100�
.. 
. . 

0, 1 ppn DJira 100.5 100.7

SOppl 99.1 100,6

1 ::,,- D::fii 100., 100.5
larlDl tar 100,1, 100,7

' . 
i-1 

0,1Jlllll Dim\ 100� 100,2

,>ppm ''"'i 100., 120.5

100J,p:l D 100.7 100� 

ICI l tar I ,00.1 100.,

., 
0,1Jlll D 100., 100�

� 

SOppaDJilA 100., 100., 

100psa D""' 100.0 100., 
-

TO'VJ, 

Uilll Pil(rifj]J
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A I 

112.1 111.0

115.0 111.3
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128,7 126.8

120.1 111.1
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I 
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LlVml ritfflCll !IOI
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,.._m.B n11. 

PHfSIOLOGIOAL 
DS?. 

Sorum Protein 
I,evol 

Blood. Sugar 
Level 

soram 
Bilirubin 

Urine 

Orobil1ziogen 

A)kaJ 111• 
Phoap�ataae 

serum Gla.tom.o 
OXal a) etate 
Tranaamirut.88 

- 179 -

S?llISTIOAJ, ANALT8IS OP !HR RBSUL'fB OP JJ_l'fROS»w!!

POISO'fl'DG m SBRUM-PllBB JUT§ (1 • (XlllVEilfIOll.U. ad)
(Y • GBllJI-IBBI JU!) 

X 
T 3B(I-T) i COJ'OLUSUllf 

5. 21 4.90 o.2'.508 1.,., DIIPdRi!BOB 
liO'f SIQII ll'ICA!rf 

116.0 111.e 5.362 o.,36 • 

0.12 o. 15 0.02345 1.Z79 • 

1 -49 1. ,, 0.2644 t.'62 • 

6.35 6.22 0.3542 0.'67 • 

16.88 16.12 1.899 0.4002 •
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C,:,neluoj 01! 
-

On tbe bnoia ot t�.e diti'orencea obtained on the ottoote

ot dimethylnitrooa.mJ.ne poiaon1ns and plane ot nutrition in

con•entiona1 rate and in gorD-t'roe rate it would appear that 

aboenco ot gut bacteria by pre-treating rato with antibiotic• 

results in a eliebt towor1ns ot the toxic ottocta ot dimot!U'l­

nitrosamino oepoo1Lll., hen dietal'y protein level vae adaq\lato 

uaing change a 1n liltf;I' t'uno t1onn ao cr1 tcl'ia tor judac0ent. 

Ubilo thie ali"'1t to oring otfcct vae not statistically 

e1gnitictmt, it nay be ot ocientitic 01cn1t1cMoc. 

T.he llildor errocta ot diaeth,YlnitroallDino poieonins 

in sera-rree rate oould aean that the interplay botwoon 

gut bacteria and nutrients (eapociolly protein) in the 

gut rcoult in the production ot Ditroaaaino precursor.a 

nt1."lel.7 e.econdnr¥ aaJ.nsa and n1 tri too which a.is;ti.t rCAot 1n vi 'YO

to toro n1 troon.atne. Thi a would then ous;toot that tho ettoot 

or en, le•�l or d1ce�ln1troi;oi,1no poii,onina 1• in !'net the 

overaJ.l ottoct ot tJ � adniniotered dooo plua tho cttoct ot tho

aaount produced in the gut where thio hllppeno. 
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Qc,noluolon 

On tbe bneio ot the ditforencea obtained on the otteota 

or di11ethyln1 troowne Poiaon1ng and plane or nutri t1on in

convcntiona1 rato 11.J'ld 1n serci-tree rats it would appear that 

aboonoo o r  sut bacteria by pro-treating rats 111th antibiotics 

results in a sli8'it towering of the tono ettecta ot dicotb.Yl­

ni trosami.ne eapeoiall.y \ hen dietary protein level waa adeqOate 

uaing changee in l1'dt}I' tunotiono as cr1 teria tor judgei:icnt. 

Tlh1le thio al1�t to rering effect waa not etot1at1cally 

a1snitic!lllt, 1t may be ot ao1ent1f1c a1cnit1canoo. 

The a114ar ettocta ot d1cethyln1 troaOJlline po1 aoning 

in germ-tree rate could -,an that the interplay betwoon 

gut bacteria and nutrients (copeo1nlly protein) 1n th� 

gut reoult in t.�o production ot nitrooaaine proouraora 

nar:ielJ' eeoon.c'.l:iry G.ineo and n1 tr1 too 11h10h lli&bt ro.-ot 1n vi 'YO 

to tora nitroanoino. Thio tiou.ld then o•JSE;ODt that tho etteot 

or ari.y level ot dicet?:.Vl.n1tro111l1:11no po1oon1ns; io in rnct the 

o•orall etteot ot t.ho ndninio";ercd dooe pluo the ottect ot tho

Mount produced 1Jl the gut 11h.oro thlo b.llppena. 
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•aem•, naau ab tMl� ,...,._.

a ne,..,,_, or � -.ww � _.. � 

••Nlltlill Jan or..,_ "1otoll,:1rl:dect• •11P' F:11$�

aam:oe Ua� 1Ull • ._ .... are ml allittt'ttnj:r t&tiolile1l 

OIU' eaY11'onliellt. SM NOm1J NOOplU•.-ta.\ wt 

are not 1118'11tlble bllt an oau..i • Dda1•1nz,el 

• ha• taa.Ntore he4 1aportat i,raottoai 'iilihl'f'• 1a

� 1mz,111e4 n1eue11 wwarda •• 1�J#.i•"L 

ot au,.,,-b4ittdlDI •PDt•, oapeol•ll:, *•1••1 aa1 ,u, 

-,uo1,,a. 

1._,. ., • tlloNQll 'IID4eratan4t.q ot w �'1. d 

s••ott•, �- a oeu J.• t•u1toi:; ,, �I 

a"11 s.a an �t tool 1Ja tu 4-Y'el;oJlllnlt d
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182 
t,i sub9tanoo:, vlth ope01t1o proportieo ,:ou.ld hove tho c:1pa01ty
to in,luoo 0wncor hno not �tui r«J.J1o<l4.

Dinco tho 41ocovo17 ot .. tba �1noccn1o proi;crtico et 
a1:.0thyJnitroc.30ino by rA6Qe�"in'19�6 ftrioua ntte:lpto haVo baa

,.,. ' 

t' :l.o to QDIJooa tho dllll€cro poood to c:::in by the preoenco ot J!itroonn1no 1n tho envil'Om:cm, en.Jl(Joinll,y nov thAt they hnvo
bOOll rocoaru,oocl WJ ono ot tho coat vol'G31Jlle mld for:ndil.ble
Cf':lP o .. Oo..t'01noc;cne yot 41GCOYOl'04. 1'huD ,m llDCIOOc:::mlt of the 
lO'tcl. of oo»t•mr.ntion of uhc:,t neur (!��-dt, 1966), c::::okcd 
fiDh (Pni:1e c.t BJ.. 1971), � to coo Md tcb:icco c::Ql:c
( .. or!onto1n and 11urtor, 1966), v.ith ca.rcJnoncc.io n.itrc,oYlino 
ban boon curried out. Analyaio ot hon...._.:::.!do vine for D .r.o in 
� of Hcnya vhoro OJtJOPl.Q(e,J. cmioor 1o oo::.: ..,n h3o aloo 1:ctm 
ourlod out bJ; C!lllo apootrort1e.'lt.v, (Diller, 1972),. coll'io (1972) 
u cblo to clc::o, �i- .. c poD1t1ve ccrtol.llt.1 �-:con ooot1pll�""1Y-ll.
ucor ond tho d 'l flkh • ot '11•�•' C!Lde fro!:l o ·r' .J.o.

cc ta,1nntion of , Jcor1a 1o 1cd!Gc::1<iUD lllcebollc bevcraact• 
nth c:.roinoccnio n1troo -;100, corr1o4 out in tho prcoc:lt uom,
111 thoroforo 111 J Sro vith tbo 0'\UTcnt :µ-notiool sto1 o tm.� 
tho provCDtion of c:,.ncOl' 1n c.:m. 

'rho rccnato ot tb(l aurvc,yo bnvo 4e.:-..onot-r.:ito4 the

f dicoteylnitros.:l.!:inO Wld 4iotbj.nitroCJ,n1no 1n;reucco o 
, •• 11 1 v1n 

1Ttn,,r1a•0 lo� olcoholiC bcrVcriJGoD, ru.v:o--., c n o, 

nn-ttkutu, ito, Ot1. fi/jbrJ(JJll, p,x1 CLlDo 1n a local ill wl'J

C:coeoro. 

Dioothyl.nitl"oa:mSno o.ro proven i;otont liver �cine o

�ucina :.io,oro 11vor nocroo10 .
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in •ll &niul 81>9c1ee in Which teete hATe been re_ported

(Drucltrey il. !l.• 1964; Argue and lioeh Liaetti, 1963) • 

There 10 nleo 01'1.denco tor their Dotnboliog 1.nto active 

carc1noson1c products by h11m11n liver wlicoo (l!agee, 1970). 

Dierosard.ing t.ho uiounta or n1 tro11a11S no found 1.n tl,e 

beverogt,o rc1• tho t iae botng, their proaonoo at all 1n a 

common rood item ae  our alcoholic boTerageo io or DOlle

concern. llueh or thia oancern ia related to t.ho :met thnt 

1.n our country aibout t"cnw c1l11on people conuuae thoao 

nlcohollc bevorage11 and over one-t.1.11'cl o.t thin nw:iber 4o 

oo wi t.h oonoinorable rosuinrlty. l.l'111¥ arc even probloa 

drink ore, nn4 aome hnvo .Pl'oqreor:ed to ol.Qaoic aloobolioa 

where t.horo 1a not only l.l peyoholog1clll dopellUl.c1100, but 
• 

alao 1.1 ph,y&J.olodi,cal dopandcnoo, t1'hicn h.11.o boon bi•ought about 

by th� 1nd. v1uWLl' 11 1n01·ouocd tolct'l.lnce -ror alcohol and hia 

ph,yoialll or'1v1ng .to1• tho a\lbotanoo. Tho preoClloo or 

c::iroinosen.1 c 1L1 troaiwine in our looo.l aloohollc bcveragoa 

thoi•c!oro uJ.l to qucotlon tho ':'Fholaooc:.cneco ot thcoc be•era­

eoo c,opooJJlllY 111 th rolc'tiion to Ollnoo�· incidence in the,

oowitry. 

Prcviouol.Y, oui• local olaohol1c bovoragee, cepecially 

l in which io t.ho aoet popular, have onl)r been pa a w e 

a. tc canovr 111uidc.noo in 11oria. Othercasually roliato 1 

acok1118, the uec or enurr, and berbal 
habita too, auch 88
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• 111••, ..... � ... blcz 4.
re,uu '\ '° the ln�\i .. l Ulllon Apiu\ CW•I', ••• :,aa,

able \o 4••nat.nt.. a b1�r 1Do14..,.• ot ouaov ot 121•

nr1oua part.a ot lbe al1unt.a.r7 uu, ln uU•e• •bo 4r1nk

t.heae local brna Ulan 1n t.bo•• S-0.Pl• who 40 not.. 

tlL11 t.7pe ot ob11nat.1on oouJ.4 a t  b at. � onl.7 cauaa 

1ugp1t1Yo. A• a ut.t.or ot r.ct, ·� other ccrrelatlon 

oan bo eata'bl1 a.bed bot.ween cancer 1Dc14enao an4 aoao o\ha 

totally unrolatod habit.. ..,r oxaai,lo it 11 poaolble to 

oatabliah a corrolat.1on bot.ween cancer 1.nc14ence and 

at.tendanoo at. Ohurcht 

Tho dieco'loey ot n1trouD1:ne in our local alcoholic 

beYeragea haa t.herotoro gone auch t'urther 1n 14ont.11'J'1ng 

an eatabliabed group or chealcal carclnosona w1t.h \haao 

alcoholic bo••r•s••· \Yhilo t.'10 n1 trca••Snoa aay not be the 

only CllJ\cer 1n4uo1ng •sent.a 1n pal• wino and the other 

be•erago• 1nTolt1 gated, thQ �ra at loaat • gN>UJ> b)' Which

t.be role ot the•• 1'bocl 1 teu 1n the aet.1oloa:,' ot b"nn 

cancer 1n ff1gor1a •&7 be part.17 •••ooeod. 

It 1• con•eniont at th11 point to oona14or the actual.

loYol ot contaainatlon or our local alcoliollc 'boYoragea w1 th

oa ro lnogenio n 1troeu1no in othor to a_pproolato the potential

role ot auoll level• in our anvlronant. 
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The total aa1Nnta ot n1tro•••1ne foan4 1n pel• •!De,

BuNk\ltu, Pl to, otl Apa,O:,a an4 Ogoaoro are :,o ug/11 tre 

(0.03ppa), '8u&/l1tro (0.058ppa) ,OUg/lltre (0.051,pa),

21 ug/litre (0.02ppa) and 100 us/litre (0.1ppw) napeoU"f'el.7• 

Blatopatholos:Lcal etudiea carried out ehowed that 

&NNP8 or rate •hou drinlting water had been ccmt.••1nate4 

•1 th sraded leYele ot n1 tro,aalne, ahowo4 a 01 .. r do••­

ro1pon10 rolattonahlp cha1'oter1at1o ot D1tro•••1oo po1aon1ns

up to a contuination loYel ot 12.5ppa. Rate on 111.uil lower

levela ot oontm:tination, 1nolu41ns a leYol ot o.1ppa tound

in 0SD£Ol'O, arew well and hiatolopcwl exuination ot their

1 1  vera and other organa ehowod no apparent 41ttorenoo .troa

thooe or the control aniMl•.

llowe-,or, biochmical etu41oa or the early oltorationa 

oauaed to rat Uyor tunctiona by 8J"ll40d lovala ot daotl\Vl­

n1 troaaa1ne oontnwtnation, roYealed tlat a leYol ot o.1pp• 

toun4 1n ogoeoro could roault in a alit::,it impairment ot the 

bile p1s-cnt •tabol1••, olontion or blood aup.r and an 

1noreaaec1 activity ot alkalino phoaphataeo, and •orua 

&luta•ta oxalacetato t.l'allaa•iruaao in U\O blood. 

'l'horotoro, on tm baota ot t.hio b1ocha1cal etu4y the
lnol ot oontoatnation ot Ososoro with ca.rcinosenio 

n1 troauino 1• haratul to t.bo Nt.
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It tho aamo effect 1a o:q,octed in n•n, then those
people Who make a l'OSUJ.ar habit ot exooeoivo intalto ot Ogogo­
ro need to be caut10no<1. Por emaplc, it c. person takoe a
11 tre ot Oo,goro everyday, he ould be ingesting 100 u g
n1 troeamino a day. Aeaua1ng th1 r. hab1 t wae tora.od at tbe
youth1'Ul age ot 20 years, by the ti.Jae tt- individual 1a 50
yoara ho would h:lvo taken o toto.l. ot 109:, ""3· The

progrooa1ve effect ot th1a could terminate in cancer.

o have to roaliao too, that our alooholio boveragoa

a.re not the only ohmmol through which our oyat• could 

como in contact uitb carcinogenic n1trcoiua1neo. Tllo \
poooib111ty ot other ocurcoe or thio group ot chemical 

carcinogeno in the cmvironcont lioo in the ready d1atr1bu­

t1on ot aocondary aainoa and nitritoo in plont utoriala 

Which a1 e,i t react t.<> for::i n1 trooaa1noe (Druckrc,y !l, !!.• 

1967). 

uorecTor, carcinogenic ni troauiinoe nro not tho only

cheaioal caroinogenn preaont in our cnv1roru:icnt. A hoet

ot othore lll'O ooa t.tcred oll around ue, Tbo dangora troa

coaltor, aoot and oil end tl\e oromatio aainoo or the

dyoatutt and rubber 1nduetr1oa have J)reoccupiod tho

attention or cony �orltore tor a lons tine. C'hcaicalo

h r'bicidea inoootioidca, fert1l1ooro, ant1b1ot1oa,auoh aa o , 
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detergenta, metal& and the produoto ot t'ung1 and aoul4 

contallli.nate 
0\11' tood aatoriala, The potential contribution

ot the latter are Pnrt1cnlarl7 well illuatrated by the etol'1' 

ot the at'latonna. In addition to contllllinanta, tood 

additivea ot increaaing complexity nro now uaed as colouring 

or tlavolll'1.ng agents, artificial neetnera, preaervat1vea, 

and emulait'y1D8 agents. Therefore, rather than diaaiea the 

level ot contamination ot our looal alooholic beverages with 

carcinogenic n1 troaaminee aa 1ll.111gn1tican�, we auat think 

ot 1 t as a n  add1 t1 onal muroe ot the c11noer-inducing a gen ta 

in our environment. Aa a aatter ot taot, tho combined etteota 

ot tbeae various ohellico.l oaro1nosena at aee1a1ns1Y haralese 

concentrations &JAY be the riddle behind the high incidence 

ot cancer in the world today. 

2. Mode of action ot the n1troeaa1ne \ypos preoent

in th� alooholio beverages 

a. pathologl.oal Btteoto

Por a proper Juqeaont o t  the potential role of

chemical. aubatanoea in humn carcinogeneaio, a thorough 

understand.ins ot tbe 1nteraot1on or these cboaioal aubatancoe
and biological a,-.toma 1• essential.. For oxaaple 1 t 1a

'--ft• whether cancer oan be induced 1n everyeaaential. to -

1 ntal animal&, and whether the nooplaot1corgan or exper me 
,.,,,.,ablo to oorl'aopon4ing tU11oura in un, Thechanges are 0011..-
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anPer to thie Q.ueet1one req\1.lree •1•teut1c atudioa and 

1t 1• an iaportant. t.ool 1n t.he aecond aa�or "cancer »roblea"

wbiob 1 •  therapy. 

Byatomat.1c •tudioe carried out on t.he patholog1cal 

ettoote ot t.ho n1 troaaaino t.ypoa found in our local alcoholic 

boYoragoe proved t.hat both diaef.h¥lnlt.ro11aa1n11 an4 

diothylnitrnaamtno arc ve17 potent liver oaroinopne 

producing oxtone1ve livor nooroela with high roaul.ar1t7. 

Thi• Nault. thorotore oon!'1ra• tho earlier tinding9 ot 

otbor •orkora including lfagee a.nd Barno• ( 1956) • Baile and 

Ch.rietie (1959), Druckrey !l !l· (1964) who ahowod that the 

typical acute loaion induced by the clial)Q'ln1troauaino 1a 

necroaie ot the liver. 

Uot ono einsl-• local aarcoaa ••• obeorYod 1n tbo aout.h, 

the route ot adm1ni11tr&1t1on. Since bJ'<Lrox,-l.atlon occura 

aa1.nl7 1n the 11 vor (Druckrcy, 1964), the reolll.t. aleo 

alludoo to the tact tbllt ni troau.lnoa are non-<:arclnogenlo 

per oe, but bocoao ao only �tor aetabol1c actlYation 1n the 

liYor. Evidence tor thin oonvero1on hao been cl1aouaaod 

oxtenaivol.y by J>rouaomann (1969), Druokroy, (1969), and Magee, 

(1970). 

A cloar 4o8e- roapon10 rolotlonahi� •a• obaor•ed. i n

the llyore ot rat• on aradod lovolu ot diaoth)-ln1troaaa1ne
treataont• roapoct1vol7, up t.o a contaa.1nat1on lnol ot
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12•5 PP• 1n the daily ch-inlcing '!later, Howovor, oxtenaive 

quantitative otudioa by Druck.roy and Steinhott (1962), and

Argue and Hoch - Ligett1 (1963) haTe reToaled a doeo-reepone

rolationabip down to a dail,y clooagc or 0,075 ag/kg body voight. 

Death rato ••• llleo related to doao 1n tho rat 

aupportins an earlier obaor•ation by �gee an4 Barno• (1956). 

At autopsy, rato on 500ppci, 200pp11 11.Dd 100ppa levole 

ot contamination roapeot1vely ahowed oxtroco omao1at1on and 

complete abeonce ot bod,r tat. 

lCo twaour wao obaorvod on an,y organ ot the rate on 

thoeo 88.llo loTola ot contaainat1on. Boca rate honTor 

developed tuaou.ra ot tho l1vor on 25 ppz::i and 12.5 ppa lovol.o 

ot cont•Qination reepoctively. Tho induction ot liver tumour 

in the rate hae also bocn ahown by Scbmahl and Prouaama.nn (1959) 

and lfaSJ ee and Barnoe ( 1956) only v1 th low lovele ot oon­

taa1nat1on. Iio tw:iour �ae obaonod an a.n,y other organ oTon at 

concentrat1on.e inducing liTor tUDour. Hmrover, l!Ageo and 

Barnoa {19b1) havo 1nduood kidnoy tw:ioura in rate by too41ng 
high dooe lovolo tor abort poriode. The tuaoura wore not 

oliru.cally apparent until a year or longer attcr tho troatacnt 

•ae &topped,

ThO 11.,0r ncoroei a induced by both dine tbylni troaam no

and dioth;rlni trooaa1no wo.a alao aoCOIJllaniod b y  haeaorrhago

into the goetro1nto11t1nal troot nnd lungs. �1• obaervaUon
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waa tirat •de by llagee 8.114 Barnee 1n 1956.
Male and temaJ.e rats responded e1111larl,y to

diaotb,vlnitroaaa1ru, and tti.ethyln1troeaa1no po1eon1.ns with
the 811110 reguJ.u1 t;y, co�irlling an earlier obeervation by
Uagee and Barnea ( 1956) that aex ditterencee do not
inl.'luenoe the tox1.o1t;y ot diaeth7ln1troeaa1ne and
d1etb.vlnitroau1ne. 

B. r:rtecto ot' dimethylnJ. troe111line on ao11e bioohemiol\l.
eyotece

Much work bee boon carried out by various workore on 

the otteot ot' d.1methyln1trooam1.n.c poieon1ng on eomo 

biocholl1oal proooeeea in tho body. Ono ot earlieat, and 

aoat extensively atudied 1a the ottoot ot nitroealline poison.ins 

on the nucleic acids. Thua d112ath,ylnitl'ooall.1ne baa been 

ahown to oet.bylato nuoleio aoida in the intact animal and in 

Ht liver elicea (Magee and Yarber, 1962; Magoe and liultin,

1962} ueing 140 - d1aothyl.n1troeaJl1ne, Moat or the activity

in toe nuoleio acide wae 7 - aethylguanino. Labelling or the

RRA and D.'fA ot tho kid.Deya alao oooured, and ae ahovn to

be lorgel,y 4uc to 7 - aoth,Ylguuino, but quant1 tat1 Yo

incorporation wae com1doroblf lower than i n  the liver

(Cra44o<* and uagoc, 196J). Moro rooontl;J, La lcy nnd

Bl'Ookoe (i9bB) doaonetrated alkylation ot nucleic ac1c1o on
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adenino alld cytoa1no mo1ot1ee,

work 
The b1oal,o.o.1cal. etUd.100 carried out in the present 

waa aimed at finding out aore about tile oarly biocboa.ical

cllanuee roeUl.tin1; in the overall. h1atoPQ tholog.10111 lesion 

obaracterietio ot diaethylnitroaam1ne poioon1ng, The 

reeUl. to l'lhow that ohangee do occur 1n rat 11 ver 1\1.notiona 

in the couree ot tho dovelopaent of the noorotio loeion 

induced by dime thylni troe&IILino. Aaons the earlicot of thoao 

cbangeo ie the inhibition or protein Qntheeia, nua ••• 

manixcoted by low DCX'Wil protein levolo in rate trentcd with 

d1C1Cthyln1trn1U111ine, irr091>00tivo of d1otacy i,rotein lovel. 

'?hio rooUl.t io conoiatcmt v.Lth the obeorvt.tion or other 

workers uoing varioua othor criteria. J:agoo (1958) Dho•ed 

thnt incorporation of 14
c - acaino acido into livcir proteino

wae reduced by about 50.o by three houro arter a noorotieing 

do uc or dim thyl.Jli tro11uino, the oxtcnt of the reduction 

being the osae in tho difforont oubooO.ula:r tra.ctiono or the 

liver; and in ioolatod lllioroooao + coll o�p propo.ratione 

incorporation ot amno aoido •ao iapo.ired. Thoao 

workcl'o have theretoro suueetod. that the in1 tiol dacns,.ng 

action ot dimeth7ln1troauaino on the liver ooU my bo in

the mi.orogome atructuroa. This violi' baa u.loo reooiyed

-o" the work ot Villa-Trevino
•upPol't .... - .. (1965), �ho observed 

progroaeive breakdown ot the r1booo�l GBSresntoo ones hour
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o:rt r ndtliniotrnt10n ot d11:10 th.1ln1 trocaulino, tbo oxte.nt

or brcnlt4wn bo1na Pl'OI ortional to tho degree ot 1Dh1b1 tion

ot .Pl'Otoin CYnthoa1a, 

� early 1nh1bit1on of protoin aynthooia in t.b.o \ 

liver CD.:, bo rclntcd to tho ccoUll\llation ot lipido 1n the 

pa1•onchyma1 ocll, througb tho 1Dll1b1 tion ot u711thoe1a ot 

plo..uc:l l1poprototrua, 11hiob nro tho Tohiolo ror tranaport ot 

tr1glyccrido awa.v 1'rom t.ho llTor. 

B1ood ougnr levol vae aleo rCDIU'Jtabl.)' olovotod in rate 

vhooo drinking ••tor lmd beon contailinatoc1 with dlaethVl.­

n i  trnsaca1no. 31noc the llvor la 1DY0l.Ycd 1n the 1"CtlOfll. 

ot wg:iro by al,yoogonoa1o, this roeu.lt oun«eata tbllt tbo 

blood ouaar rcgulntory :iacllllni&1 io dlatortod b:, cUJ:ioth,11-

ni trooncaine polec:i1ns. lclolot nnd U1sra.h1 ( 1961) have 

aloo reported prosro111vo looo ot SlYcoaon trom l1Tera ot 

rato treated 'Iii tb d1ziothyln1tl"Otlan1no. 

001\Ul blllrubin loYcl 1100 alishtl.)' inorcoaod in rate 
1 

on d1nethyln1troo,Dino trcat�cnt Dl',owlna thAt bile PiECOnt 

cotaboliac 18 1cpalro4 during the course or hopatio domaso

illduoed by 41CCth1ln1 trosamlne. 'l'hJ.o v1ow 1D al.110 aup;orted

by tbo rloo 1n tho Ul'lne urob111nogcn loTel or Uio

oz1>criccntal rote. 

ConsiC:Or.iblo leaktlgo or tl10 enQ"Cea a1.tn11no phooph t 00

n4 aarun (tl.utimlo e,,11Jocetcito tr4ll.Baa11U100 into tho tlCl"WI
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eiudJ' t.h �lo or th• .. CQl'lt\11& an.o ln cancer 1n4WJt.1on.
It • bo

l"lt.l •aalnot •cut.e 41 tl"�lnttrc;a•DS&e �lacmlz:s (Koloan 

and Vorachnu.rone, (1969). Ao 11 1'ollaa--1Jll,• at 47 en the 

eftooto or twaO.oc1 41•t.a.r¥ protoin l ela an the t.oxiel ty ot'

C11aet.h7lnltrooa 1na ••• de on oapect or u.o prcoent. et.udz. 

Thlo part ot t.hc vork tuaa bean prmaptcd cy t r et. Uiat

pooplo ho ll1£ht. be e.xpoaed t.o 4iaotll1ln1 t.ro 111nc pol aonln£ 

arc under 41t'tcrcnt. planca ot nutrition, capeciall.J' •• i t.  

concorna diot.nry prototn lnc-le. 

Channoo obecned ln th rcaul ta ot' t::.c l1Yer 

f'Unotlon toato, •lum gr de:! d1et&17 protein l<rfola •o.ro 

tod \o tha rote ha'fc prcnc4 ocny1nc1n :;1y Uult prot.otn­

trco dlota or 41ct.o lo-v 1n -protein ocmtcnt relax. the 

t.oxlo o1'toct o t  dlact.hylnl t.rooanine in r to. en dietary 
protein level wao hlr;h (20� rul4 25� loTcle) 1ndicca ot

d1•othyln1trocaa1no t011o1ty were aanltoat.ed b7 o low 

aonm protein lo•el, olo•at1on or blood aunar, lapalr cnt. 

or bile plsacnt otabolioa and hls:; lovola ot &U:lll.lna

phoaphotoeo nn4 ooruc aJ.ut&Aio �,alooctato tranaaatnaae

l n  t.ho oonu• 00 1,0port.od earlier, Yllth dloto l11c1t1na or

low in protein thcao u'11lo cttoota were ob&orYod but the

aasnttude wao reduced by about hult. Thoac roaultu

tt.!:lroi'oro ohon 

the carolnogon1o 

tnt.iant.o relat1onuhip bet ccn tl10 41ot nn4

nd toxic ettoota ot dicct.hylni t.roeacaUlc. 
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•tu47 the role o1' the" oandi U. 0lUI 1n canoel" induotion.

It hae bean reported that e protein-rree diet protootod 

rat• agai.uat •auto di11eth1'lnit.roaa111n111 goieonins (llolean 

and Vor•ohnurene, (1969). Ae a 1'ollow- up,a etucty on the 

et1'eote ot graded diot.1117 prot.ein levole an tbo t.oxicity 01'

dimothylni tro11alll1Jle ••• udo an aapeot f?1' the preaent etuey. 

Tbia part ot the work hae boon prompted by tbo .taot that 

people who 111Sht be exposed to 41metb1'1Ditroaalline poieoning 

are under di1'terent planee or nutrition, especially aa it 

concerna dioto.ry protein lcr,ola, 

Changes obaorved in the reaulte of tho liver 

tunction teat.a. when graded tUot.ary pl"otoin lovola •ore 

tod to the rate have proved convincingly that protoin­

ri-ee diote or dicta lov in protein oantent relax the 

tox.J.o e1'"1'ect ot cUaethylni troaaalno in rate. 1hcm dietary 
protein level waa high (20� and 25� levels) 1nd1coa ot 

cUaethylnitroalJl.ine toxicity wore man11'oatod by a low 

eorua protein lnel, elevation 01' blood ougar, irapainaont 

ot bile p1pcnt aotaboliau and high levels 01' alkaline

phoepbataeo and oorua a].utaaio exelaoatate tranaallinaee

in the ocnu:i aa reported oarlior. �lth cUota lao>t1na or

low in prot.ein tboao 8aao ct1'eota wore obeorvod. but the

ugnitude 11118 reduced. b:, about bolt. ntooe reaul ta

thorotoro ohow intiuto rolationabip betwoen the diet and

Uie caroinogonio �nd toxio orrootn ot diaeth;ylnitroe a ino.
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The reduction or diaethylni troaam1 no taxi cl ty at'ter reeding

diote low in protein llis)lt be attributed to n r educod rnt o  

or metabol1BII or tho carcinogen in the l1Ter. 

llowover, the failure ot DM' or phonobarbitono to 

revoree the "no protein'' etteotrs (Swan, 1968), auuoata 

either that the rate of diiaeth,yln1troaa11J.no breakdown 1a 

not �1'ooted b7 thooo 1nducora 01' aicroaomal hydroxylating 

enzyme act1 V1 ty or olac that 11 vor 4am go dooa not depend 

on the rate or diaethylnitroauino aotabol1aa. The tirat 

aeo110 pooaible thougb unlikol.3' in view ot tho finding o f  

Orreniua !! tl• (1965) that phonobarbltono 1njoot1ona 

incronced m.ioroecuaal ox14At1ono using d1QOthyln1 tro110.a1 no 

ae subatrAto. The • econd and more likely expl.anation 1a 

that neither the rate, nor the amount or diaethyln1troa8.Qine 

aotabolieod in the liver 1e the prodolliJUUJt hotor in 

d1oacthyln1troeoll1.no liver dacago. D111othyln1troaam1no 

after convcraion to a toxio aetabolite auoh oo a c rboniua 

ion cuGt nttnck ooll aitea wbioh become 1ccoao1ble, or nro 

protected, dopend1DS on the previous diet. 'i'ho nnture ot 

the coll alto le not clear. It 10 not knom yet 'rZhioh ot 

the many alterations 1n the cell produced b7 tood1ns a 

diet deticiont in protein 10 cnpoblo or proteotinc the coll
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apina t cUao tbyln1 tl'()&anino poisoning. However, tho change

in the notlvity ot t.he enQae 01atoa aetobolia1n8 

41methylnitroealll1ne in the l1Tera ot rate ted a pz-otoin­

dot1cient diet ie de1'1nitely t h e  r eoult. ot lack ot ,rotein, 

ra thor than the hi Sb content ot carbohydrate in the d.iot, 

ae gathered 1'ro11 the reTerae to the rull toxic action o.s 

dietary protein levela ted to the rate increased. 

Absence ot gut, bacteria by protro..tinw �or1aenta1 

rate with antibiotica raeulted in a oligbt but otattat1oa1ly 

inaigniticant lowering ot tbe tox.10 offeotu ot cUactbylni tro­

eamine, irrospeotive or diotary protein loTel, uatna r-bongee 

in liver f'Unctiona aa criteria for judgeaent. This alight 

change probably 1ugge1ta that tho involToment ot gut. bacteria 

in the catabol1e11. ot protein 11.igbt roault in the production 

o t  n1troaam1ne prooueaore which do reaot to tol'II nitroeaaine

1n v1 vo 00 that the etteot ot any level ot n1 troea•in" 111 the 

overall ottaot or the level adainiaterod plua the production 

by gut bacteria. i'be poe1lbil1t7 or th1• in Vivo toraation 

ha.a been diecuaeed by Band.or, (."'-Y), • 
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,. Valuable PE9P!9'tioa ot ft1aor1a'oalooholio boyoraso,
1n41gongp,e 

IlaYing &.PJ,)reoiated tho clangora aaaoo1ate4 111 Ul 

the diecoTeey or ni tro11aa1no 1n our locn1 u.lcohollc

beYerogca •ll that 111 let't now ia to decide on the ruture 

ot thoee drinka in our eociety. 

The deo1111on to allow or disallow a irubatance tor 

b'!MP!' ueo 1a not alwaya clear out, but aunt depend upon a 

cone 1deration ot i t e  potential value in other ei tuationa. 

Por inat.ianoe •ony tood uteriala alao oontain natural. 

ohell.1.cal conati tuonta which aay be potant.ially baratul to 

•en and. hio a n1wla. The eubjoot or natUl"llll.y occur1ng

tox1.canta 1n toed.a hae been renewed. b7 O.OTeral authors.

Bubatanoea wbi.oh bevo the ab1l.ity to inhibit the prote­

olJ,tio activity o� oert.11in anr;ymea are very oomon 1n l.eguaee

{IrYin, !l !l• 1969). Tllo extracta ot � planta h&To

the properiy to eggl.utinato rod b1ood collo caueod by aoao

reaarkablo proteina called "loot1.n.a" (�obiaka, 1964), 

go1trogcne have boon 1aolata4 .rro:a cert.a.in planta (Greer, 

1950). Ctanido in trace o.aounte 1• al.moot ubiqui tcua 1n 

the plont kinadoa an4 occur• aoJ.nly in the tor11 or oyanogene-

tio gl.uooaldoe. The lllkAl01d dlOIJOOl'..l'n. hae lllDO been 

• 
1 round in the tubora ot D. hia111a.a (I'indo.r,

195.3) • 
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under thoec circuaota.ncco ovallllltion ot the riak
that 111'Y ari Be 1'roQ the uce ot th�ao .tood 1 temo i:iuet
involve an aaeooaaent or the bnl.o.nce botwoen bonotite
troa nutrition point ot view and. the ovcr�ll riak durins
lito cxpeotancy. 

'l'h.io thcrctoro bringo ua to a conaidoration ot other
vnluablc propcrtioa ot Hiscrin' o locnl al.coholic bevcmgee
ao that •o can rcueh a bnlanood judgc::,cnt bct�con the
"nogati vo" contribution or the n1 troonmtno in the:, and the 
"pooitivo" contribution ot those other v:iluoa. It ie only

in thio way thnt we can Dlll:o a roacaruiblc dcc1e1on on the

tuturo or thcac dl-inka in our oocloty. 

(a) Hi,:;cria' e local alcohol lo bevercgea na a source
or too<t tor the general oopulation

Ono highl.y eignitlcAnt impact ot our alooholio 

beverage• on the voll-boins ot the people reaidee in thoir 

contribution to nutrition. 

Consumer aurveya ot dietary patterno or intaJtee tor

certain parte 

Deu and Leai 

or Zfisoria h:lvc bocn 

(1962); Doaa, (1967) 

reported by Collie,

and UHIOr-JJ Fellowe

(1966). 

in th1e 

peaaant 

Those roporte indicate that the .toed ooneU11od

part ot the world ia largely derived t'rom doaeatio

nJ that the dicto are inadoqua te and
sources 0 
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ill•balu.nce4 •ith ro""'"'d to Protein,.,_ oalorieo &ru1 certain 
other ceecntial nutrients. 

Aloo, th"" Food and AeriouJ.turnl Organie11tion (:,Ao, 1966) 

eho17ed thnt in 1963/64, available crude protein 

por co.put, per dD.Y, in the 1'oraer lforthcrn, Tleetorn 

(including Lagos and tbe ll14-t7cat), and I:Oatern Re,tion.e 

ot higcria were �9,3, 39.5 o.nd 32.2g. roapeotivoq; while 

available co.l.orioo per day woro l.719, 1,909 and 1, 774 

oaloriee, reapecti vely. Thone dot t'Urthcr obow that 

1nadoqW1tc protein lllld ca1or1e intakeo are trideepl'ead 

phenoccnn in li1£\'lr1a. 

On the 11041 cal o.idc, the ovidonco on corbidi ty and

cortnlity �roe protein - caloric calnutrition and t'l'oa

other clinically canitoetablo nutrient dcf1o1encee, 1• 

et:ronc 1n en� arcao or the country, 

An enorcoua mount ot pale vino 1o conauced 1n the 

Bou thorn port or r:1ser1c. and thot about eix C!illion pooplo 

drink a 11 trc 11 40,y cDT not be An over ootit:!ltion, 

A 11 trc ot eood potnble pi.lo •ino prov1dce approx lea tc� 

W1Vs> .. ,naro and alcohol, Thie o,ano that 
JVU cnlorioo troo uwa 

the calorie level ot pal11 wtno -could contribute a 1'81r

•hare t o  the oalorio roquirenent or tho ndulte. It
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•ould be Particullll'ly dea1rable 1n the caae ot manual

labourero.

Aa protein l'OIJ.Uireiaent ie barclly met 1n moot parta 

ot the country any add.i t1. onal ecurce ot rotein that 

would improve d1et.ary protein levelo isuat be cher1ahed 

rather than abuaed. With a protein level ot 0.5 - 2 gru/

litre in pal.a •1.ne (D4ao1r, 1968), about 1/30th ot: the 

no-r1101 dail.y protein requirement ot: the adu1t ia mot. 

Aa t:ar bac� ao 1939, toore tound 1n Nigeria a 

conotant aeaociation in the COllllU.llpt1on ot dicta baaed

largely on caeaava and the inoidenco ot eoroa 1n the angles 

ot the mouth bliattered tonguea, dry 1tohy raab, oapociall.y 

ot the external gen1 talia rogion and, 1n more ad-.cn.oe 

caaea blurred viaaion. Later Monekoaoo (1963) roported, 

btom tho caeea-.a eati.Jlg d1etriota ot: Epo and I3ebu in the 

tbon Treetern Region, the inoldenoe ot ataxia ooncollitant 

With deteot1•e viaion and lip and tongue ohangee 

attributablo to detioienoy ot: B group ot vitlUllina. in the 

diet. 

Preah pal• wino ha& been ahown to contain a aax1nua 

ot 35,5 ag. vit8Jlin e2 per litro, B1 - 25-150aa/l1tre;

and 86 _ 4_18ag/li tre (Baaair, 1968). A judioioua
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re(Pllnr intake or ripe Pilla llline Wou.l.d therctoro
make good the dietary dot101enc7 ot theee vitllJlina

coat •1 thin the reach ot an avorase worker• 

o.t. 

In addition, the intllko ot minerals trom a litre 

or good palm •1ne woul.4 be aa tollowo1 2.0 to 2.5 ag ot

iron; 0,18 to 0.19g. ot eodiu; 0.10 to 0,1:, g. o'f 

potassium; 0,12 to 0,16 8• of cal.ciu.a and 6.2 to 7.1 mg. 

ot phoophorous (Baaeir, 1968). 

The nutritional vaJ.uo ot our local al.ooholi c

bcverasee 1a not reetr1cted to aaJ.a ine. Burulcutu, Pito, 

and Ot1 Agba(O>a poaaeaa coat ot the nutritional. qual1t1oa 

ot pal.11 vino. 

b. Innuenoe o� N1gor1a'a local nlcohol1c beyeragea
on the 1100101 life ot the gen.oral population 

A diaauaaion ot the voluoo of K1ger1a'a local 

alcoholic beverages will detinitol.y not bo coapl.oto Vitbout 

a �ord or t O on their 1.J\tlucnco on the oooial life ot the 

people. 

The traditional role ot our local oloohol1o drinlta 1o

atrongeot in tho villaGOD loao ao 1n tho fairly developed tawna 

11,.,._ leaet in tbc oepi tal 01 tico whore t.he oatnbliohod 1nnuo ncc

ot tho EUr()peana haa populariood icported 4r1nlta.
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The cuetoa ot drinking our looal al.ooholic bevoraioa

in t.h1 ° country 1a vory much moro than lllrely an oxcueo to 

sot drunk• Aa rotroahing 41-1.nlte tho7 provide a aood otart 

to relaxation attor a hard da.Y'a work oepeolally on tho 

tarmo • In t!11 a ·� the dJoinke at'tord the deal red 

amusement to the tar=ora and servo ae the chiot break in 

the monoton)' ot their Village lire. 

'!'he babi t ot drinking tboae bevoraaoa 1 a lllao, on 

moat oocaeione .,an or-aential. way ot 1'ul.1"1ll1ng oooiel 

obligation.a. They are carried to Chiote ae tribute, used to 

reward labour or given aa ottoring to ep1r1ta. Abundance 

ot those bevcraeoa, eopeoiall7 pala wino which 1o the moot 

popullll', io the glory ot a Villager' a hoop1 tal.1 ty. 

\71 thout thl!IIII tribal .;ounoila ocmnot bo hold and •rrlago 

or an initiation oorol!lOn.y loaeo 1te poap, The drink alao 

come 1n handy' during eottlomaot ot quarrels between local 

heads whore two or more villages "re 1nvol.vod 1n a diopute. 

Collootivo vorlt 1a the atr1ll1na tonturo or our rural. 

COlil.tlun1t1oo in n1sor1a. •'l'ho collootive ottort 1o 1n1t1ate4 

with tho dr1Jllcin8 or our o.loohollo bevoragaa, although 

it 18 the ooapulaion or cuatoa and etiquette that exerts

the real torce • n1 u1 the 'boor' available the work

and ohoertully, and tho 1 boor' 1taoltia dono quickly 
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tortit'iea the endurance ot the workers. 
Our local, o.laohol10 boveragoa alao contribute theirown fair ohare to  the eocmo&Q" or the nation. �heir 

econonic iaportance l1aa pr1aartly in tho1r providing eaplo)'llent for a 01 &eable 1'ract1on ot our rural and urbanpopulation. Thie contribution ia woll appreo1oted it we  roal.J.eo thut in tho ijc,ate.rn BtGto o.J.one about three a1U1on people lll'e involved lo trading aot1v1t1ea With our al.coholio
boveragca. 

4. Rooono1liat1on between tho oreaenoe ot nltro&lll'!llne 1 n  our local alcoholic bevoraaoa and their nlunblo
l11'opert1oo.

Taking the levela or oont.eminJ tion ot our al.ooholio
boveragoa w1 th carcinogenJ.o n1 t.roea•1n-, and tho d.angora

attributable to theae lovolo, and coaparlnn t ia With
the bonetito obtainable troa the bcveraeea, it v111 not
be good eclenco 1n IIY opinion to prohibit tho drlokins ot

our much oheriahed beveragoa on the uound that they con­

ta1..n these uounto ot nltroeuine. Thie lo beoauao by 

our nutri tionnl atatue wou14 got woroe and thedoing ao 

Population would beoone unnacoaonr1ly aobor bu.lk ot our 

.. ithdro• into an 1ool.atodly dull lif'o.•nd forced to .. 

1io1 thcr ill abr uptly DAkinS the Clal.o or tha•o
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,-.eragoe illegal go any •ay to laprovo tho lot ot tho
,.oplo. Natber it •ouJ.d generate d.laaetroua ottocte on
tile social behaviour ot the ooaauni ty ot a tar gre_ater
aagn1 tudo Ulan &eyth1 ng attrlbut&ble to tho J)byeiologi cal
upaet tbat could reeul t r:roa such levels ot n1 troe11111no in
beveragee. Atterall a state or heolth(\T}!o, 1970), i e  an
oTcroll aeaeeoaent ot oo�plote �h:(eical, montul, o.nd social
well-bolng ot the people 11.11d not aerol.7 the o.beenca ot
dleeaao or lnflr&lty. 

To the 070a or aome people, (oven before thie work 
on nltroanmlno oontaaination) tbo conawaption ot our 

local bcvoragoe has al•aye been undoairablo - the habit 

111.1 lend t o  penury, cirrboaie ot tho liver, oboaiey, and 

an lncroaeod aortali ty 1n rood aooidonte to ol to a tew 

ot their critlcleco. 'lhoee liaproeoiono have boan i;nt.horcd 

troa the abuai vc use of t.heeo rotroab.1ng drink& by c1aesio 

alcoholics ,rho ton a claoe ot regular drunka by their

e,ceoalvo uncontrolled and oddlot1vo drink.ing, The
, 

tore-going conelualon dooo not viah to tolerate thia group

or people tor t.belr ovor-indulscnoo producoe core proble ..

•1 thin tho aociGt1' than any other ltnom dieoooa. Ho1'iovor,

While we ohould not tolcrnte thoao hnrdened clrinkcra 110

ccu1c2 prevent their nuahor troa inorcRDinG b;v cduaJC:j.ng

t� l>Ooplc thllt they get riorc value troa judiciouc intake

the 

I 
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ot our local alcoholic bovoraPeo than t'roa uncontrolled
aru1 exooooive intako.

OEHF.RAL BUMHARY 

Dy u combination ot th.in-l�or chromtogropluo 

ll1l.4 colorimetric tocbniqueo dooor1bod, t�.c pro6cnoe ot

d1mothyln1troeamine and. diothyl.n1trooaaino in Rigcr1a1
e

ind,1 genoue alcoholic bevoraees haa been dc11onetratoll. 

Pnlm Wine has been ohown to bo oontaa1nated by a total 

nitroo,aine level ot 30ug/11tre (or O.OJ ppc), while 

Bu.rukutu, � i to and Oti Ag ag'ba nre ocmtan1n.a.trd by a level. 

of 58 ug/litrt. (0.058 ppm); 50 ug/litre (0.05 pp11), and 

21 Uo/litro )(0.02 ppa) roapoct1voly. Ogogo.o, a d1at1llod 

apiri t t'I'o1:1 pall:I .rine bile tho higlloot level of contaaination 
• 

being 100 uu/11 trc or O .1 ppm. 

A otut'ly of the biological i:,roduotion ot n1 trooacine 1n 

one o t  these alcohollo bevcr11goa, DIUICly P&llD vine, 

revcnlod the a ctive involvecent of tbo b1ochca1cal 

octiTitiee ot the pale vino terconttna D1cro-orcnn1eae. 

Biochemical evidence 18 presented to at.ov that All

intionte rel.Ationollip enuts between dietary protoin levels 

and the toxi c1 ty or d1acthyl1,i troau1ne. 
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lli o to:i>:ltholoei 041 e'r.l.luat1on ot t.bc toZ1o1t.J' ot
o111ut.bylnlt.rooot::1no t:.n4 dictb;/lnitl'c&a:ilnc 1n tJi.o rat
nhogcd tlnt uotb n1t" "oiu.atco oct. pr1 l'1llf nc 11 vu

polcono, lrcduaing 11Cv01•0 livc:r u:icroo1c. btnctlx,lnitroa ino 

appaiU'cd to l.'C Q.Uiel:cr 1n nation than d1otcyln1tzoo::aa1no. 

'Zhio di1'1' rcnco 08¥ bo rclntcd to the d1ttcrcncw in the 

ct'.t"Uoturo or tho t:::o c��oun4o. 

':'ho hncno.--rhnnie po1"1 encal cmaeto Md bl<�4Soa into 

the lw:!en or tm cut nro hotunc:r ctrl 1:1.nn 1'cnt.uren or

poiGOn b7 both nltronulnoo in the rot. Lo cbeeD (25 PPIJ 

ao11mmra.o) tona to pro::ote l1opct10 tu::om- £:l'Ot'th OTcr o 

long pcr1o4 ot conatmt 1ntato. 

Cttcoto or d1cothfln1trocnn1no tonolt.y Ql\ oca 

b1ochcJC:io:al :tunotiono of rat li'lar rovc:il.04 t.h t. •00• o� 

tho 04rly iuterot1ono to 1•nt llvar .rvncticno 1n the courae 

ot prourcoeive ll'lor damce oro1 inpa1n;ont ot tho bile 

P1s;::tint ootAbol.iC?JI 1nl11b1 t.ion ot protein ClJTltbooloJ 

cut1lnt1on or tho blood oue-,u- :r S"Jlatory CflMAD1oo 

roaul tins 1.D clovnt.Cld blood AUDI' lovol1 rud Q camidarable 

lollkoac 1nto tbO blood o1' thD clUlYQOD pr1 r11Y roOuocd 

in tbo liver, euch 00 al.Jtnl� pho opl:.:ltooo ond ccrua

Sluboic oxnlo tr.to tM&DD1a..iullC•
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'fhe roaulta or the ftl>ioua pathollglcal. an4
loobeaioal OXl>Ol'1un ta revoaied a al.ear doao - roaponao
tlatioruship. 

Lovcle ot contalliration of Pala -..1ne, Burukutu, Pito

U4 Oti Agbagba do not appear hi&h enough to  cnuae the rat

� 41aooai'ort ovor its life epan. Howeve1•, biochemical atudiea 

Nvea1ed that the level ot cont9.lllination of Oeogoro Yith 

Di troalllllino could be tone. 

A review ot other benetita attainable troa our l.ocal. 

alcohol.ic bevoraE08 ae &£111net the proaenco of Clinuto 

aaounta of carci nogenic n1 trooan1nc in them,ouggeet that

�u41cioua i ntolce or thoee local bro•• le more advantageou• 

than indiecrillinate indulsonce in them • 

• 
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�'9 Jll'Om.t 0b\1 I c::t'o t.bo tollosin ic:;pcrtalt cantr1but'1aza 

to t!lo � at llltnUan.,J. D1oobr::1au-y m4 Errt.1.rG!oon"..Gl ouo1-

00.;::noa1a. 

1. U1;.lria• a loool Q).8QhoJ:to �tJ �. Pola

'iiin:1, Bu:n.1::utu, P1to, OU At,� c::i4 Oc;lC<X'O, h.:'.'f'O WD

ahcol to bo oanb. 41'1:ltcd with � oitt�.

2. I, •tu111 ot t2lo bloloStotil produottan ot nitl'os'.li.,.

1n pabt moo baa bocn imoat1c;nw4. 

,. Soo, ot tM CM),y bio,r,boli,al cb:::J:;:D 1nl!u004 b7 

s. 

41mt!\Jlnl� iD tho oouna ot pro:;raaal'"' li'ICZ' 

o::oro1io ll&"l"O �o abc,:zn to Snolu.-. ai hp,1•"lll0- al t.bo 

b1Jo pio:iant ootabol1c, :&ohf.b\Uon � FOtciD � w,

ait1Jot1cn .c,r t.'Ja blooll �a rec-Jlatary cn:..�a::, CJ4 

an � cct1T1t,)' of tb:I CIU\l�• ol?::nlSoo phoQ bae 

/.n 1rt1mtc rGl4t1Cfl4hlp lws bOcn abG:n to ut.at

liut;:;e:.D � to,cio1t,}' ot d1Mt!\}1t1trooacioo c:n4 41tcz") 

protoin leflla. 

Thi rc1e ot CUI - ldcro.flcnl in C bx\o1� 

•
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volatile r..-n1troaasi'l0a 1o 

Vood at 1 auAs lctol., 

Jfatl.ll'O �: 342. 

(1964) "Coloriaotric dotera1oat1on 

or UitroaQJlinoa". 

Iiaturo (Load,) �s 2012. 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



DeN, l. S. 

.lJoaa, I.s., 

.Le•i, F.E. 

Do Uaon, P. 

Diller, R.F.B. 

214 

( 1967) "llutr1t.1ooal probl.eae 

ot' the .11aor Dol ta J.roa." 
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carc1oogeo1o ottecte 1o 

the orra»rina llt'ter 

ai.Qple 1n3oct1oo or 

et.eyl-n1troao-urotbaoe 

to pregnant 

Nature 201: 

rota." 

1378. 

"Quaot1tat1vo ooaJ.yoo 

der carcioogeooo wi.rkuna 
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thJ'ln1 tre••atne un Rattan."

z. krebrorach §i, 47.

"b»eri .. ntella

llirn1e• - ohllwiate be1

JranSnohen naoh in�eotion

von aeth7l-J11tre-

natw-.i•••noh&.t'tan �r 171. 
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