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OBSERVATIONS-ON THE HAEMATOPOIETIC SYSTEMS IN -
TR()PICAL LEAD POISONING

o ANETGR JI BABAL@LA ()O ADEYIYr’ FAA AKINGBOLA TS

C oflege of Mzsdzcme, l}mversuiv af Ibadan ,;1 ;

SUMMARY ~ ‘The haemopoietic system was one of the earliest principal targets of lead (Pb) to be
recng,mzed and intensely studied but largci\ from tomperate developed countries. This study reporis
investigations, into the hacmoiobmchemwa! xarzauens associated with occapational Pb_ poisoning in a
!m;ncai devclopmg coxmm ‘

One -hundred and thirty. seven: (1‘5’?} subjects COmprising 86 lead wcrkcrs and 31 appmpr:atch matched
controls were studied: The-lead’ workers all males included battcrv workcrs home and, dutcpamiers
anfomechanics. welders, “gascline: dispensers: and ceramic workers, I‘hey were classifi ed according 1o
exposure catcgories-based ot the prevmimg airlead level (PbA) at the occnpd!;onai envnmnncm

_ Blcod Iead (PbB) was sagmﬁcanm higher in. ¥ead workers than inn confrols (P<0.001), The PbB of ccmirols
(occupanonai[y uncxposed} was also. sxgmﬁcanﬂv higher than in communities that have either reduced or
climinated lead from petrol. Exﬁhmcyte protoporphyrin (EPP) and prophobilinogen (PBG) were similar in
lead workers and controls, The haem degradalwe product bilirabin was unhike EPP and PBG higher in
conirols {P<O 03). !ndices of - iron (Fe) homeostasis.. serum Fe, total iron binding capacity (TIBO),

‘ imnﬁfemn and percentage Fe samrauon did not differ between: lead workers and control (P>0.05) in all
cages " There was also no alicration in RNA meuxbohsm as indicated by the absence of basophilic stippling
in'the ervthrocytes of lead workers.  Some indices of erythropoietic activity: Hb, PCV and MCHC were all
s:gmﬁcanth decreased in. Iead workers, cc}mpared with controls (P<0.001) in: all cases. . In contrast, the
haem cofactor metals, copper (Cu) ‘and zinc (Zn) levels were ‘significantly clevated in lead ‘workers
compared with controls (P<0.01; P<0 00 i) respecm ely. There was no-variation with expamre categon

These complex observat:ons may suggest the interplay of acute phase and amlo‘udant respunses of Cu in
cacruloplasmin. and - Copper-Zinc - super oxide dismutase (Cu-Zn SOD) as well as the inhalation
(‘supplementation’) of Zi fume from the occupational environment. This synergy appears to have
significantly - restored the. activity of the:major hacm pathway enzyme, d-aminolacvulinatc dyhydratase
(ALA-D), a Zn dependent enzyme that is exquisitely mh:bxted by Pb ‘T'hus mﬂdula&ng thc deleterious
effect of Pb on the haemopoietic system. '

These observations imply that the combination-of the well Imown Zn deﬁcnencv ih-many tmpncal oeunmes

and the substantial environmental lead pollution may predispose the. general population 10-a significantly
_ depmssed haempp‘enc system. T}ns may in tum increase. the-prevalence of subclinical or overt anaemia af
' m}t:ertam aeuoiogv in the presence of other haem pathway stressors such asmalnumuon SR

‘ K‘e,;Wards Ant‘:oxzdants ) zmnmental ‘ﬁfr_,iHaemopaieric:‘sysfem,:'lmn kpmeasrasis;:éeadpbfsoning.-7

‘!ntmdm:t L
e Le&d(i’b} x&amn-&ssen&alm ‘
ciemem with:a toxic. potential. for. all: biological Joccupational  diseases: (Leggc 193’7) Many

.sysiems Lead a8 widely . used in- . many Vph}aalegleal sysiems rmlachng lhose af the
;occnpatzans and its nsg is mcmasmgasamsultof ~xenal : 2
progressive. . : industrialization:..and.. .attendant
urbanization. in . most ;dievalopmg -couptries
including,. b%:gena. I is one. of the. most s 197 ;
important environmental pollutams ‘which -haemo teim sy&tam was -the -garliest- 1o be

seriously - “affects’ ~thie health “of exposed fmeognmd and most. intensely studied.  Overia
individhisls (’Shal‘man l97‘=$" ave:y a!i W'}Is century agoe Garrod..(1892). first.- idemified
1992) ; . porphyrinuria in human lead poisoning. In 1895,
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Stovkis “deimonstrated” its' occufrence® e both” 257 i A4
clinical and experimental plumbisng: It ds.now: - *2
well recognized that lead inferferes with
haemoglobin svnthesis at a number of steps (Fig,

I}, These interference are rcspcmsﬁ:ie for the
well-known liacmatelogicat mwsi’sy of lead: L

ndt}rttcdi’ Methods

Bfeéd Ee’id level was dctermined by
atoritic abserpuen spectrophotometry using the
method of Hessel (1968). Serum iron (Fej level
- was determined ,by the ‘method. described by
Persqm et Wl (1971, This same method was

Most of the previous studtes have = also used for the determination of unsaturated
emanated  from  the temperaté devetoped Y g binding capacity (UIBC) from which total
countries. The present study is {0 investigate the " “iron binding capacity (TIBC) and percent (%)
haenatobiochemical effects of lead po:sonmg in were computed employing sigma iron and total

trop:sa} lmd \,wrkers C o o iron binding, capacity kit (Sigma Diagnostics.. St.
) ST e e “Louis, USA}, Scnﬁquanumﬂon of “erythrocyte
T ; 'protoporphyrin (EPP)  was assessed by the
| Materials And Methods  ~ " procedure of Varley' ei al { 3980) Tmnsfcmn

One hundred. and thirty-seven, (137)
‘_subjects ccmpnsmg, 86 lead’ workers .md 31 I\gﬁ:ini;?icéﬁf}&(;?gelgfgi”gﬁ;izz
“appropriately” maici‘aéd confrols who were not . »réa cﬁén(:ro " gmaiiv désc nbe d—bvﬁoeséﬁ-{ 1 9 47)
known” 1o be’ occnpauonally exposed were! and- mochfied by With A970).. " Red bké;ad ésil
studied, The mean age of the lead workers and ' morphology _ }m onding  examination for
- eontrols were 3603 3 i;:.{).;md 36663 Lyeurs o - Basophilic’ suppimg Were cattied (}m et 'dmg 0
wrespectively .o The ead  workers: all: vmles - - :stzmdzrd pracucc Pack eci CCH\ i
dncluded - battery: - wotkers, -auto - and  hétie oo
- pamters, - autbemechanics; - welders - gasolige.
-dispensers, and coramic workers.: The number:
cand distobdtion of these cworkers- have.been .
- previousty . desefibed: (Anctor: and: -Adeniyi, 0o
2999y The lead workers: were colassified o
- according to oxposuré-categories shdsedonsthe': . L
cprevathing | air, oodeads ) level (PhAY can the S o . ;
ocetpgizonad-environment (Rudolph et'al,; 1996), R f:;igg;m‘i :)r:o d;iézd Cé;‘ 'S;C’ff;inév i 'T\eivn

»Ihg mean d;ar&z:en : of exposure of the ?b w orkcrs {1937y - The haem cofactor mctals copper (C)

and: #ne: (Zny. were: determined - by Catomic

"'fﬁa&m@gloﬁm concmﬁ“aéion was _é '
the mc{h()d :cwhmted b‘v Khab,_,

“obtaitied front the amte cubical fossa using
disposable pyrogenc free needles and mnng,es '
< tBecton-Didldnson: PDublin hretind) - Two ik 6F - v 7w

-blood:-was «dispenscd:into-haematology mbe """
HERT AyJor-haematologios] studies: 5 3ailowai
dispensed into heparinizied: tubds cotitaining Ph-

el ' mE was significantly Tiigher in fead workers than
free lithinm heparin for lead determination ° gh o

) . ) : control, 56.3 + 0.95 and 3047 % [4 ug/dl

{Vacmame; system, Inc. Ruﬂxcrfo;d, New .. tespectively (P<0,001), (Table 1). The Pbﬁg of
fersey).. Thesemaining. blood, about 7. Tk was <751 (Ll (occupationally unexposed) was also
carcfully dispeased into plain vacutainer tubes

coniaining. inert” polymer sibstance” o aid

; sep&rauou ;Of peum (Vacutainer, systems Inc petrol. . Serum copper level wasmé;gmﬁééml}

thlghe# miea& mkefs tiian it ccntmis U8 0 t

emmmaaﬁnaf&nn _ieaéf“lmmcwfhmed '
o, t!wsasm day “:Protoporphyrin itudies “weie
“carried: out. " The wholéblood: samples for:blood
‘Tead: fevel (PbB) Were: Wéﬁ&twl@"ﬁﬁﬁiﬁtmm

i "’__ 2@@&?1;31; i . vt iron, total fron. binding capacity, transferrin and
,,,,,,,,,,, a* ' ! v b raeerg vsD e percent iron saturation. Both serum iron-and
' transferrin levels were lower in lead workers than

,.sxgmﬁc.m&v Tigher - than m mmmmuggs that -
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Observations on tropical fead:poisohing. Ll

n-comrols buwt these  did ot redchstatistical - -

significance. The vidues being 77.0°% 4,93 versis
87.0 £ 6.37 ugdl for Fe and 183.0 + 6,60 versus
19397 + ¢ 7ng/dl for tamsferrin (PR005) in
both cases. 'Eft}ial iron binding cdpacity was
higher in lead workers than i controls. The
values were 302.0 + 37 2 and 286.0 ¥ .37 ng/di
regpectively than in controls. This also however,
did not reach - statistical ‘significance {P>0:03).
Similar to serum Fe and transferrin levels,
perceni iron saturation 'was also lower in . lead
workers than in control 29.74 £ 1.699% versus
3L81 £ 2.39% but this was also not s;gjmf' cant
{(P=(.05%,

Table 2 shows the levels of haem
precwrsors and the protoporphyrin dégradative
product, bilirobin.  Ervthrocyte protoporphyrin
levels were similar in lead workers and con;rc_ais.
Furdhermore, - qualitative ~ tests ' for

parph@b;im%zzn werc nicgative in both lead”
workers and controls. Total bl_hmbm_imei_ was
surprisingly s‘igniﬁ.c'antiv lower iﬂ leadd workers,

“than in ce)mrel' {i e higher cmnmis}" The level

werg . (KT8 H0% and LY £ 0. 06mg/d!
rcs;:\ec{u»dv .

o Table 3 shows haematogrit,
hacmoeglobin concentration, MCHU, the state of

. polychromasia and basophilic stippling in lead

workers and  controls. Haeratoddit (PCVY,
haemoglobin and MCHC levels in lead workers
were alf significantly decreased i Iéad workers
compared  with  occupationally  unexposed
mdividuals. The values were 41.0 0. 33 versus
43.0 + 0.41%, 13.57 & 0.00 versus 144 £ 0.13
g/dl and 330 £ 013 versus 340 = (.18
respoctively  (P<0.001y inoall Gases No
polvchromasia was evident [rom  ervthrocyte
morphologic examination. “Basophilic stipplings
which “are’ pranules of RNA cdaused by
derangement in RNA metabolismm were. also

absent in lead workers and controls. The resulfs ™

in this study did: not scem to vary with exposure
category. . . o .

Table I: Blood lead, serum copper, sergim ?mc semm iron, TIBC transfemn and percem iron saturatmn in

k:aci workers dand controfs _

Le::td' workers ) (;%)::?t;.}'ois : 3 P
: Bleod lead ugfdi S 56‘%093 3047;4-14 '28..9.}'. | g(}.é{)’]-
(‘opper ug/di - nse}*- 40 1.64'.‘{&3.;).‘%*_' B - 3';06. -;d.oos'
Zincug/dl - o ) t.I._Z._QiG._I’l’ 35,01:_;7._63'.“ ) 4(}6 <0001
Iron ug/d! 77;0;9;4‘93': 870637 128 <005
TIBC ug/dl 30208712 28608031 042 005
Transforrin (me/di) : ;ﬁgs'}{.}gﬁiﬁa 191974973 089 =005
p'c}mrﬁ e uf’n Yo7t 89 flsri23e . edn. - e0s.
"s“lﬁti‘dfi@ﬁ : o :
hECS arcMcan+SEM _ _ _
Table 27 : chm@recussors emhrecyte promporphwm (EHP), porphoizhnogcn (P‘BC i &nd hﬂf:l'ﬂ=—

deyada:twe products to{al b;hmbm in lead workcrs am‘i cammls

* Lead \if_oi‘kers

Cw%ffdf‘s’ SN S
: Eﬁ;{;gr$¢gr;e'pm@mﬁpﬁgﬁ-ﬁm_'_ o =
Pomhatilinogen we e
© Totalbiibinmg/dl 078003 10+0.06. 335 oom

* Total bilirubin leyels are Mean + SEM + = t race -ve = absent
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Tabie 3: - Haematocrit -(PCV) haemoglobin - concentration, mean cel imemcglobm concentration
{(MCHC), polychromasia-and basoptuhc snpphngs in jead workers a:nd controls. :

Conirols. i - P

. _Lead workers
Hacmatocrit PCVI (%) 4104033 4308041 AT <0001
Haemoglobin (mg/dl) -~ 13.5740.09 L4£013 499 <0001
' Meancell haemoglobin . i 33.040.13 340108 4%2 <0001
cnnccmrauon (MCHC) - e - : . '
?oivchfomééia Y : _ Absent | Aé}éem‘ . -
o ’Bas()pinhc sﬁpphngs ' :, o . Abseént _Absent | " - .

Valnes are.mean + SEM where applmabie

Dmeu&swn :

- The -significantly elevated PbE tevez in’

iead v@c}rkers indicates lead toxicity and iy
consistent with most recent studies (Mason ¢t al

1990; Gennert et al., 1992, Kim et al. 1995). The
level of fead found in these lead workers fall nio =

the fevel currently indicative of severe plumbism.
(PbB > 55 ug/dl) 2.66 umol/L) (Harvey, 1994).
The blood lead level in the control subjects
(occupationally unexposed) gives :¢ause. for
concern.  Recent reports (Landrigan, 1987
Harvey, 1994, Kim ¢t al:, 1995) indicate that Po
lhiag ne threshold value below which there is no
adverse effect.  The ideal blood lead level is zero.
The level of PbB in controls in this report was at
least about three fold current levels in. similar
papulaimns in developed communities that have
gither subswmmily redyced lead in peirai or
completely “¢liminated ‘1t (Brody et al. " 1994).
Pirkle et al, 1994, Kim gt al. 1995). These
disturbing PbB levels in unexposed subjects (and
may be the general population) reflect significant
environmental  lead contamination Targely
attributable to the high lead content of Nigeria's
petrol (Okoye, 1994, Adeniyi and Anetor, 1999),

The significantly raised Cu and Zn
levels appear to be a response to the elevated
lead buxden 'Ihis is pdl‘ﬂdlh: cons;stem wnh the,
signifl canti}, eievateci copper !eve!s in thear Pb
(batlery) workers but similar Zn levels in Ph
workers and controls. Sohler et al (1977) had
also carlier reported elevated Cu level in their
lead exposcd population. The mechanism for the
increase in Cu level appears to be dual, first due
0 increase in caeruloplasmin, an acute phase
protein which binds over 90% of serum Cu. Cu
is raised in most stress or inflammatory states.
Lead has also been described as a stress
substance (Sohler et al. 1977).  Secondly
caeruloplasmin is an antioxidant, copper is also 2

sngeromde-»dlsmma&e (Cu-Zn SOD} Lead zise!f: _
in common with some other hean ‘metals is a
stimulator of frr:c radical. generation (Casta clal.

1997, Auetor and Adanm 2001). The increase

May thus be due to acute phase and antioxidant

responses to ameliorate the deleterions effects of
lead. Copper caetuloplasmin compic\ is also a
feroxidase - required  for ~ the appropriaie

metabolism of iron.

The elevated zinc level is due lo
simultangous exposure of lead ‘worlkers' 'to 2
source of Zn (Zn fume). This may be analogous
o suppicmennng Pb workers with-Zn,- The Pb
workers in this study include welders who are
exposed 1o alloys of Pb and Zn and other
galvanized metals (zinc combined with other
metals)

Welding is an occupation that can cause
¢leviated “Zn  levels (Jacobs et cal ' 1990).

Furthermore, welders. battery workers and auto-

painters:mRay occupy the same work environment
and are simultancously exposed to Pb and Zn.
This was. probably. why Papaiounou ot al.. found
similar Zn levls in Pb workers and. conirols.

~ They investigated only-battery workers. Zincisa

compenent of the active site of ALA-D (Finelli

977, Abdulla; 1979y and reactivates ALA-D, the

major- haem pathway cnzyme.  Zinc is also a
component of the potent antioxidant, Cu-Zn
SOD. "The synergistic éffects of the raised Cu

~and -Zn,: both cofactor metals in the haem

pathway ameliorated the deleterious effect of Pb
on this pathway. The observation by Border et al
{1976) that where industrial exposure to Zn and
Pb are appreciable the Zn might activate ALA-D
significantly to mask the toxic effect of Pb,
appears consistent with the findings in this study
in that simulianeous expostire to Pb and Zn may

~lead to raised Zn fevel which may protect the

subject against the adverse metabolic effecis of
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Observations on tropical lead poisoning.

lead. Other carlier investigators had also made
cimilar observaiions (Haeger-Aronsen, 1971,
Thawley, 13791

The implication of these findings is that
the haem pathway in lead exposed- individuals
was protected. The similar levels of the haem
precusor. EPP - and-  absence of - both
porphobilinogen and . basophilic stipplings
suggest . that ALA-D acivity was nol
significantly inhibited despite the -markedly
clevated BLL in lead workers. Normally, this
_pathway would have been depressed and there
will be attendant adaptive responses such as
raised EPP and PBG as well as polychromasia,
reflective of increased marrow activity and some
degree of basophilic stipplings suggesting altered
RNA metabolism, . R

The indices of iron homeostasis indicate
that the second major haem pathway enzyme was
also not significantly inhibited, were this the case
serum Fe level would be bigher in lead workers
followed by decreased ALA-D activity. Though
the exact mechanism is uncertain.  The
synergistic effect of Cu and Zn may be
protective, It is possible that Zrnand Ca
sufficiently competed with Pb so that the amount
of Pb available was inadequate to ‘inhibit
ferrochelatase.  This observation is consistent
with obgerved complexity of the relationship
between iron metabolism and Pb absorption
(Quaterman, 1986). Klander and Petering (1975)
have also found copper and zinc to be protective
or modify the haem pathway: in expetimental
models when present in adequate aspounts.

The haemotological indices in this study -

suggest haematological toxicity. This finding is
consistent with those of Gibson et al (1968),
Sohler et al (1977}, Papaionnou et al. (1978) and
Antonmicz et al, (1991).. The mechanism of the
observed haemopoietic effect is not - definite.
Most previous investigators have attributed the
anaemia of Pb poisoning solely to decreased
haem synthesis due to inhibition of ALA-D and
ferrochelatase.  These enzymes though not
determined are uniikely to be inhibited owing to
the unaltered haem pathway precursors. This
observation confirms the suggestions of Waldron
(1963) and Granic et al (1978) that the anacmia
of plumbism is only partly due to impaired haem
synthesis, '

Increased haemolysis is also unlikely, as
bilirubin was significantly lower in Pb workers
than in controls, This decreased bilitubin level
probably reflects its antioxidant role {Stocker et
al. 1987) as it may have been consumed
excessively in mopping up free radicals
generated by increased lead burden.

A possible explanation is that the renal
tubutles are also among the principal target sites
of lead. Thus lead may have an inhibiting effect
on erythropoietin. This is considered plausible
hecanse 1, 25-dilvdrochoxycholecal  ciferol
finally activated in these tubules is fmpaired in
plumbism (Goyer and Rhyne, 1973, Goyer
1993), :

These complex  observations. . may
suggest the interplay of acuie phase and
antioxidant responses in caeruloplasmin and Cu-
Zn SOD as well as - the inhalation
(‘supplementation’y of Zn fume from . the
occupational environment, This synergy appears
to have significantly restored the activity of the
major haem pathway enzymes -ALA-D and
ferrochelatase.  A-aminolacvulinate dehydratase
is a zinc dependent enzyme that is exquisitely
inhibited by Pb. The clevated. Cu and Zn Ievels
most ‘probably. have. modulated the deleterious
effects of Pb on the haemepoietic system.

One important implication of this
observation is that the combination of the well
known Zn deficiency in many tropical
developing countries (Atinmo, 1982, Gibson.
1994 Underwood and Smitasir, 1999) and the
substantial  environmental ~lead  pollution
(Adenivi and Anetor, 1999) may predispose the
general population in these countries W 2
significantly depressed haemopoietic system.
This ‘may in turn increase the prevalence of
subclinical ‘or overt amaemia of ‘uncertain’

actiology especially in the presence of other

haent pathway stressors such 4s malnutrition.
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