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Abstract. Because there were tendencies for normalizatioa of lezd.sepsi
iow Lead Lurdzas, thege phenomens
+n tivo and inritra, Lead inkil ke enzymae Aulta-amingleve
tase (ALA-D) dose-ds nrspetitivelsor i:':“;‘v"n
in tilro. The lead-hiocied portion of ALA-D ~ould be raactivats
bvglutat‘hiore. Tids part was 'm;.i er in beod-contaminaced ani imals
control g m.p, thouza there wete o siznilicans diferensey in the free

Poote it

énzyme. Tie frae part of the enzitng was normaiiced aya I"':V}‘u.“.’::b ol the mo.2

cuwle. Therefore the dvterminatian of the lead-blocked pact and the part rracrivated

by clutathione, seerced more suizaiic o .—d rermining the chronis lead vurden than
0

‘the rceasurerment of & possiuie adanied to1al activiey of ALAD:

Ry wordss ALA-D — Lead — Glurathione = Free a2 ri Blacked
ALA-D.

Lei nicdrizer

Zusamrenfaisurdg. Y‘-eu sieh
Tendenzen zur Normalis
dicser als .\“...‘..:3“
hemmre i vitro -
und uicls Ao
dor ALA-D war bai verme
Fonirolitieron., Dagecon rwa'..l..u. ARTAY
schiede zwischen den beblen Grupper
ecfolgte diber cine lieusynchese dus .l: X ;
durch Blei inaktivierten. durch Glutathion realtivierter :
eher :eerner., eine chronische DBleisinwiriuns festzustelien, 2ls die Dessuns do
mo“hche. weise wieder normalisierten ALA-D-Aktivizds.

Schlassaluirier: ALA-D — Blei — Glutatbion — TFrei
von ALA-U.
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-»f lead via Grinking —watzr Lowethas fie Toad iz wtulean 2o Gl
mutcrs ha\'e tend 10 norm _:'.E ze after some weeks.of lead ex-
In these experiments the exeretion of dreita-amingie ruhruc aeid
ne dccrea-s,ed ftc-r an mt 1 i nerease and reach-d the values of
ze and Hapke, 1871
similar observations in rabbits,

....'

I::n.p‘;e,, 1_J: ). Bo't:mnore ( qul) ma(
in which the excretion of deita-aminolevulinie arid remained normal

thouzh the lead application centinued. Lehnert {1871) interpreted this
es correction of a disturbed equilibrium. _
In ths same way the c:zvr'v of the delta-aminclevulinie acid de-
sdratose (ALA-D) in the blaod of the sheep mereased afier a short
T dox inhibition in the beuinning of the lead appiication (Jlapke, 13721
ender, 1973). The inhibition of the ALA- D ex <piains the auzmented
o of the delta-amingiesulini '«'i in the urine. Caly in o late
v of the symptomiess 3 than 3inpnths) the
; :. of ALA-D rerained
A3 these phenomena cui
gxounts of lead, the enziie
-i:;...vit’o'x by leed and to b
wrt of ALA-D activity 1

rc::ct:vatxon experiments.

tation to small
]ﬂ.mn to its

l

thione., The

The activity of ALA-D and of the reactivated part 07 ALA-D was measired

by 172 method of Haas ef al. (1721 with 2 fow vari s Lher »-mtms wers
cxri-d out 1. for determinaticn of x‘cvr'n"' values in ¢ =, 2, for the
Zes~rmination of the enzyme ulter oral zod intravenous apphcan.m of lead nitraie

iz rits and rabbits, and 3. for in vitro experiments after addition of {cad or-dy-
tathlsne to the blood.

1. The norme) values were Jorermined in 7 hewlihy men, 9 horses, 23 dogs of
“irent breeds. ’"be""‘ s, 45 cows, 16 pivs, 13 rats and 4 rabbics, using frosh
2 with heparin. :
2, 66 female pmt:".:_e--D i e # the detormination of

Vena e

I 3P ¢ JREY

s calr !'l.l. ed. T...
group 6 rats were
2 and 4 weoks und

. \-D wis measurel

LRSI

Y R
"o

tLe bi -:nd ruoa.‘ed x
To inv ate the
of Linewsaver and D
manner: To 4 of 8 52
_ 0.24 ral wate
csntration of 0.4 poc
emounts of subsirar
acid solution, pH 6.8
1.0ml. To interrupt
ccprnpcrp’h}'r'inogen.
4 {Lichtrmaza and
ribed above.

H
i

o

titively. As md_'.c.;
phobilincgen prod
of lower concentrs
Letweun the two
by lead.

The ALA-D &
clatathione | {Fig. 7 .
ras nob C'Cu..').

blocked of reactiv
norrza] lead expe
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2 woeks of lead ox.
a-aminclevnlinde acid

. reached the valups of

. Prigze aud Hapke, 1071,
.t observations in rabbirs,
. sulinic acid remain.d normal
Lehnert (1971) interpreted this

2 delta-aminolevulinic acid de-
» sheep increased after a short
2lead 2pniication { danks, 1979:
ALAD cxp_l:iiu_sﬂac a‘hgmente&
id in the urine. Only in a late
{i.e. more than 3 months) the

sted as an adaptation to small
3 investigated in relation to its
by thioles like glutathione. The
* d, should be measured by the

ated part of ALA-D was measured

. Fariations. The measurements wers
Jues in Qifferent species, 2, for the
mavenous spolication of fead nitrate
neats after addition of lead or 'glix. '

7 ﬁh-azf:b& incn, 9 horses, 253 do
m2n , 20 dogy of
$3raty and 4 rabhize, using fresh

sed for Cbe.;jefénni:xaﬁcn of the:

b3 animals with 21 averars weight =
. d z X4 .

* group served as control arow

«ater with 0.0321 oz Ieaf:l m’I;r:.I’::
:0.01603 95 Jead nitrate, Tbev Wez“a
! feed consumption was measuped .
57 dose of lead was calculated, The
d.xy._'Out of each group 6 rats were
‘f!nfsm after 1, 2 and ¢ weeks and
.mt)_- of the ALA.D wag ~me;as‘u‘réd
iod in the blood, liver, Lidaey, fn

‘nination of the fead was performed .

o

ciuted changes of

T N o ow et $un . s .
AN L et e ERE

wetsiz method. In Sme ade andfva o m Dol Wit Wi dangeF
‘Hoeing Fertizluttar) 1 mux tead b bods weirbe wasinjoctnd instave -
treatment and for 17 davs thereasier the activity of ALA-D and of ihe reactivated

pazt of the ALA-D were mensurad,

3. Tho activity of ALA-D was measwced in fresh blond of 10 dors, $ piga aud
21 cows in viiro by adding increasing doses of lead (0.15 0.4; 0.5 2nd 1.0 ppmy
In two rpscimens of cow blood 1.5 ml of & 0.1 M glutathione solution vras added o

the blood incubated with lead.

To investigate the mechanisin of inhibition of the ALA-D by lead, the method
of Lineweawer and Burk wns used in 4 bioed specimens of cows in the following
manner: To 4 of 8 samples with 1.2 i blood was added 0.55 mi water, to § oticer
samples 0,29 ml water and (.15 ml l2ad =olution of 1 pprr, that gives a Iead con-
ceptration of 0.4 ppm in bleod, After an incubation time of 15 miin increasirg
amounts of substrate: 0.023: 0.1; 0,25 and 0.5 mt of 2 0.02 M delta-aminolevuliniz
actd solution, il 6.5, were added 4o the zaries. The substrate was filled us 20
1.0ml. To intcrrupt the next step, the transivrrsaticn of porphobilinozea to
coproporphyrinogen. all specimens ware inenbated in & nitrogen atmosphere for
1 h (Lichtmann and Feldmann, 1903). The further procedures were the same, 43
deseribed above.

Results -

The activity of ALA-D was inhibited in 2 dose-related manner in
vitro by lead. There were some species-differencies, as indicated in Fig. 1.,
An amount of lead which inhibits only 10 or 20% of the activity in doz’
and pig blood blocks nearly 909, of the activity in cattle bload.

The inhibition of the ALA-D activity by lead can be demonstrated
by the graphic method of Lineweaver and Burk. This inhibition of the
ALA-D activity by lead was not competitively or irreversibly compe-
titively. As indicated in the Fig. 2, the maximal velocity of the por-
phobilinogen production and the velocity of the reactionin the presenze
of lower concentrations of the substrate are reduced by.lead. The space
between the two curves is that amount of the enzyme, which is blocked
by lead. . = ,
The ALA-D inhibited by lead could be reactivated in vilro by
glutathione (Fig. 8). The reactivation of the blocked pard of the enzyme
was not-complete by glutathione. The more the enzyme was inhibited

- by lead, the less the activity could be increzsed by glutathione. The

space between the two curvesin Fig. 3 represents that part of the enzymme,
which is reactivated by glutathione (or which was blocked by lead
previously). . _ .

The determination of the two parts of ALA-D, the free and the
blocked or reactivated part, in different animal species and in men with
normal lead exposure show, that only in men and cattle, the two lead-
sensitive species, could the ALA-D activity be reactivated by glutathione.
Experiments with penicillamine (2.5 to 40 m in blood of cattle) and
dimercaprol (0.25 to 25 mM) did nob produce uniform results. The

- - - L -
PRt . el o %" e <
—
AU
- - L I il -
- . - .
. . - 2
. K g
. v 4
s
s
> - ,.C
.
‘f - ’
- -
- :
. . s
. - <
» .

DUP040007932




% A
132

e)
o

LA -D aztivity

T

éog {n=i0)
N

» nig{n=8}

€09,

L
o

-\ ‘
T~scow (h=17)

o1 ca  oF 10 pom tead 1O 1
aded to S |
blood 24 20 40
Fiz. 1 Fig. 2
Fig. 1, Dose-depending inhibition of ALA-D by different concentrations of lead
.- in vitro in dogs, pizs, and coivs
- e Fig. 2. Pelations between the recxproae v=‘oc-.’.1t‘s of the enzyme-AL.A-reaction and
the seciproke subsirate conceatration iz Lioud of cattle, domonstrated in the- way
. of Lineweaver and Burk
% ALA-D activily
1 oo
\ .
) X Ti< ] 101 4! in
ol oPb+GSH 0.1 0.1 Q0 'E:al?oc’!n
N : 1<03 {183 2.4 tead in
\ hairs
| o <01 15.3 424 } lead in
— ' 4 - ' ‘bones
R 07 13 comiend a 17 75 mg tead
=2v2d to per kg
tlocd and day
I’ig. 3 Fig. 4 )

‘between ALA-D activity and lead cozcentration (added to
cows) n- icad pius gictathione (0 13 canrpntrat.on

elations
blocdsnecn.n of
art

.a\ of A ._.x D in LLL b"xod. of r.z:s, fed mth
2 the lo1d concentration

4
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Tebled, ALA-D zad re.

Z 8
man 824 284
cattle 24 128
doz 1 405 262
doz 2» 855 13¢
Pz 1040 38
horsa 0.0-0.1
ratl 453 &
rat 2® 170 St
rabbxb “15"

- A group of 20 be
dog 1 = bestards of diff

byoung rats in th
‘rat 1 - aduic rats,

I °cti.'::tion of the
centration of these
Tn horses no activ
activity was measu
was Iu'fner in older
It is concluded
ALA-D activity of -

by lead. This effec .
environment. Ther .
by a new synthesis. .
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activity of ALA-D

The small differen

in hair and bones
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Table 1. !

L exnased 9 lead

et e s e A e e e

ST

3
res “i'.’.x‘t‘d
. ,-'\IJ:X";)
A Z 8 n z k3 %
1man 92 284 7 184 247 7 .99
cattie ) 223 i3 =23 155 9 175
dogl . 4630 22 23 25 z32 9 -
v..o R 255 130 20 274 a8 20 —
] piz 1046 555 10 13 S
T horss LU & ."ﬂ—.-f',Sv f - e
py s ratl 1oy 4 i bER] 33 i3 134 ’
24 & 49 rat 2 40 s 6 135 16 6 =
Fig. 2 rebbit 2152 4 i5U2 4 - .
lifferent consentrations of lead — e o ) T
1 cows s A group of 29 n-»1~le dogs in the mime age and ths same body .
) dog | = bastards of diferrnt ares and weizhis, H
£ tho enzyme-ALA-reaction apd ~"'vt}-_r:\' Tats in the age of 8 wecks, body weight between 120 end 1397;
:.:‘ ttle, demoastrated in the way Fat 1 = aduit rats. .
PRy S .
§ | s '
s reactivation of the partly blocked . —XI. A-D did not depend on the con-
> centration of these two compounds in blood. For dntaxla ze Table 1.
In horses no activity of ATAD could be determined. The highest
activity was mea sured in rabbits. The reactivated part of the ALA-D
J— was hizher in older rats than in younger ones.
{ ) It is concluded that in neturally occuring lead contaminations tha
; . ALA-D activity of zensitivy species as men and cattle js part iy Lloeked
- ! by lead. This effect can ‘be explained by the ubiquity of izad in the
- 1 eavironment. The rest of ALA.D is bmu"m upto the BeCLSSALY activity
Sip .0l 01 [ iead in by & new synthesis. R
’\1 3 524 '»r;ad. - In rats which received load for 5 ymonths the free and ,
i ; it =} ead parts of ALA-D ~were measured at the end af the e.;per:m-
o activity of ALA-D in the test animals was as high as ia coatrols (%
o B3 “84 ;‘?,?e’s” The smali diffirsness were not sicniieant. The concentratioas of luad
— , o iz hair and bones were hizh in the lead-fod animals. In bioed no leod
0 %7 275  mg tead was found in spite of the contariination of the animals with nigh amounss
54 ’:;33/ of lead during 5 meoths. The lead-blocked and glutathions reactivarsd
Fig. 4 part of :he» ALA-D activity inc‘;eased in the lead-fed animals higher
_ . than in control animals. The action of Jead in these animals was only
?_L‘?ﬂdff\{“)“c'::if;‘“’:_(‘:;d“d to ! demonstrable by dctermination of the reactivated part of ALA-D. The
LLOITATL . .
’tsu:,.,. r"xc‘.:'a"“"l o belead i lavel and dl%r tion of the contamination vould be daterminsd n',»"':::e
ia t2e Liund of rics 7 wih ! smounb of the lexd in ergan;§ sush as bones and hair (Siomnes :
indizate the lrad zen cnirazion There were no dil. %z groups with regard ¢
nimzla {pow) weizht and the S t tla Leginaing of the dur
- - < = 7
o ] . .. 4
‘- . . ; ’
P
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74 15d 304 1504
.l"i~. 5. Activity of ALA-D {wkite columns) and of reactivated ALA-D (sxoressad
i) oles porphobilinozene, produced j:;‘: erred tisod eclls and hour) inraty, fed
vuth two different doses of leail for severai times, Alter 7days the whule ALA-D
activity is partly bloczed by lead ia a dose-sefated maunegr. This biosked part
increzses during the experiment and the free pars regercrates to the control walues

mas)
¥ A
-4l

chronic | ad intoxication 2 short reduction of the free part of ALAD
was seen in rats. The amount of this reduction was. that nurt, which
could be reactivated by glutathions (Fiz. 5, upper part of the comn‘ns)
after the lead contamination of 1 week. Then the blocked purtincreased
slowly and the free part showed the trend to normulization (Fiz. 5,

columns after 1.4 days). In coarrol enimals a part of ALA-D was also’

blocked as they got older; however, thase aniiz als did not receive load-
frce food. The lead content of the food was hetwean 0.4 and 9.3 rpm ary
substance.

To study de novo symthosis

A -
200 WAS
-

Jeard was :::1*c:cd ictravenously into rabhits,

&z body wwight devreased the activity of ALA-D
immadiately (Fig. The whole activity then increased (i.e. the sam
of irze and rmcqvateu aetiviiy) as a result of increased free enzyine.
The observation that the whole activity =eerms to be lower than the free
part, is due to the wmethod: The devslopment of the culor of prrpho-
infibited by thisls ta vifra (cog also

vicusly by lead,
injeczion of 1 mg IP"U

s ot

Lilinogen with Ehrlich's revgont s

o —— ot e

W

Fig. 7. Scheme of the e
animals. 1 phase = jnz:

tk

Table { for other s
creased relativeiy
activity. Thereicze,

of ALA-D:and not ¢

q

:"Asxtxvl‘" \.’ -
3y g lut”tthL ditter
-'Lf‘f"' chronie le:

lahed tuo, That he
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Fig.1

% ALA-D activity

130 \

1C0;

dog {n=10}
- pig (h.:S)

\o cow {n=17)

10 " pom lead

added to
blood

©Pb+G5H

Q-~_~‘pp

Fig. 3

N 0k .07,

added to
bloed

8001 .

500

100

1

S B

24 20 40
Fig. 2

' F;g 1. Dose-dependmg inhibition of ALA-D by different coneentrations of lead
. in vitro in dogs, pws, and cows )
Fsg. 2. Relatxm between the recxpmke velonities of the enzyme- AL -reaction and R

- the reciproke substrate concentration in biowd of catsle, dowonstrated in the way . B SR
: of Lme-veaver and Burk i

10 ,.,p;" \ead

“1<01 01 01
<03 18.3 52.4
<01 js.3 | s
i 0 7 | z) 5

Fig. 4

" mglead -
per &g

tead in
blood

tead in
hairs

tead in
banes

and day

Fig. 3. Dose relations between ALA-D activity and lead concentration (added to
blood specimen of cows) or lead plus g slutathione (0.1. M) concentration

Fig. 4. Free (lower pact of the columns) and by glitathione reactivated {i.e. by lead
fod with
diTerent doses of lead. The nmmbers in the columas indicate the lead concentration
in blood, huirs and bores of the waimals (prm)

blocked) form {double-lined rectaagies) of ALA-D in the blood of 72

*

In
Teble 1. ALA-D and re.
M perp
ap
z &
‘man 92t 234
cattle 240, 428
dog 1 403 289
dog 2» 255 13¢
pig 100 38z
horse 0.0—0.1
ratt 139 £«
Tat 2> 470 S
Tabbit 2152

s A group of 20 be
dog 1 = bastards of diff
~ vyoung rats in -the

“rat 1 - adalb zats.

rca.ctxvat'on of tne

_centration of these
In horses no activ
activity was measw
was higher in older
It is concluded
ALA-D netivity of «
by lead. This effec
_environment. The rt
by anew synthesis.
In rats which re
parts of ALA-D w
activity of ALA-D
The small different
in hair and bones

. was found inspite ¢

of lead during Sm
part of the ALA-
than in control an
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level and duratior
amount of the lea
There were no difl
weight and the fee
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* reactivated ALA.D (expressed
slood céllsand ‘10.;} ia rats, fed
Afrer 7 days the wisle ALAD
*2d manner, This L. Y
egcnzra'vss to the econimnl values

of the free p:‘r’c of ALA-D
ction was that part, which - . 1
upper part of the columns) .
t the blocked part ine-r»;a-scd ‘
1 to normalization (Fig.
a part of ALA-D was 8.1:0 _ )
imals did not receive lead- '
ctween 0.1 and 0.3 ppm dry !
|
i

D, which was reduced pre-
enoesly into rabhits. The
2sed the activity of ALA-D
12n increesed {ie. the sum
> of inerrazed free enz 1Tne. i
n3 to be lower than the free
-at of the cn‘nr ol per

-a-nq- 45\.,.]-.
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N
.7 % hc‘e ALA-D “o
L0 astivity i
”
’ﬂ
°'
¥
[ Y ——
N 7 a\"
§ i
H fees ALA-D ALA-D activity
{
2 stivity g
,9‘ / _-‘
4 B
. s L d 4
; '/ ]
1 e 4
2 ..
d - - % _
/ =
& * et -.
11 lead 4 i ncrmat !e,ad'a:hen
SilGRLEELLA A , - lehase 2.phase
5 10 i5cays (adeptation}
Fig. 6 Fig. 7

Fig. 6. Decreases of the ALA-D actizity in the hlood of £ rabbits after i.v. injection

of 1 mg lead per kg body weizht, Free

o ALA-D (lower line) and whole ALA-D after

reactivation with ,gluntm_,ne The curves show that the nermalization is caused
¥ an increase of the frer pars of ALA-D

Fig. 7. Schems of the lead 2ction on ALAD activi
animzls. 't phiase = increase of the blocked

tho free part of ALA-D to narmal valies

in norz:zi and iz lead expesed
d part of ALA-D; 2 phase = increase of

-

Table 1 for other species). The sctivity of the free part of ALA-D in-
creased relafively quickly, in parallel with the increase of the whole
activity. TAcre;ore, we interpret the inerease s due to a new synthesis

of ALA-D end not to a slow liberation of lead.

Discussion

As indicated by the results, the part of the ALA-D which is blocked
by lead can be reactivated by the addition of glutathione. By this
method the degree of the lead contaminztion can be determined. The

sensitivity of ALA-D to lead and U’l\. rec
by vIuLa:hzone differ hetween spac

tn'atlon of the blocked enzyme

After chronic lead contamination, the reactivated a"t of ALA-D
increases and the {ree part tends to norrzalize, Haos ¢f . (1972) estab-
lished oo, thas the part.of ALA-D reacsivared by glutathions increasas

DUP040007937
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1
- with increasinz lead roncentrations of the blood in men. In zensitive

species like men and cattle a part of ATA-D is biocked by the lead jn
the normal envirenment. The remaining part of ALAD is :;u; wphamented
Ly a new syntheses of the enzyme. ,

Ve conclude that establisied adaprarion to small fead amourds may
be explained by the following scheme (Fig. 7} In the nocmal environ-
ment 2 part of ALA-D is blocked even in inéividaals who ars not lead-
intoxicated. With increasing lead coneentration in the environipent, the B
blocked part of ALA-D increases first. By a reculatipn mechanisem the
organisin is able to supplement the lost pars.

The results indicate that. due to the unavuiduble lead contamination
of the environment, the enzvme patterns of all oreanisms are vader the
influence of lead. Therefore the question of a noa-toxig level of lead
cannot be answered. The state before the lead contamination begins

. strongly affects the action of lead at higher doses. Hernberg et cl.
{1970 a, b) considered that a non-toxic level could not be determined for
lead.

Short lasting and abrupt increases of lead intake cause an inhibition ;
of the free ALA.D activizy, Siow vhanses of the lead intakes can be =

pariiy comnensated by the healthy erzanism. This phenemenén is :

interpreted as adaptation. !

- ’ The most sensitive parameter for determining lead action on organ. !
isms has been shown by these investigazions and of those of Haas et al. ]
i

!

!

w oAt
]

{1972) to be the mmepasurement of the reactivated pare of ALA-D. With

a1,

this test, the action of lead can be determinsd, even it the other para-
metiers such as increaszd excretion of doita-zminclevulinic acid in urine
or decrease of the ALA-D activity on blood tend to normalize,
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