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SUMMARY

Three groups of rabbita' (A, B, and C; & rabbits/
group) wera fed & lead supplement of 25, 50, and 104
g of Pb/kg of live weight/day for 37 days o corhpare
the effcacies of 3 diagneostic tests—whole blood lead
concentration, vrinary f-aminolevulinic acid (tara),
and fluoreacent erythrocyte test (FET)=—and to deler-
mine the clinicopathologic changes of experimentally
induced lead polsoning in rabbits. .

All rabbita given lsad had whole-blood laad concen-

trations greater than the mazimum value (0.030 mg/ .

dl} for control rabbits (group D), indicating that this

measurement is & rellable indicator of lead ingestion..
All group A rabbits (fed 28 mg of Pb/kg) and 86%

af the group B rahbits (fed 50 mg of Pb/kg) had false-

negative UALA teat results, with valued less than the .

maximumn value (0.12 mg/dl) for group D (control)
rubbita. Only group C rahbits (led 100 mg of Pb/ke)
had consintently pogliive vara findings. The test was
therefore considered unreliable for detecting deily lead
intakes legs than 100 mg/kg of live weight of rabbits.

All rabhits given lead had erythrocytes which flu- -

oresced red when exposad to light rays with wavelengths
from 320 to 400 nm; fluorescence was not cheerved 1o
erythrocytes of control rabhits, The weT appears top
be a convenient and reliable diagnostic test for lead
ingsation. REl St _

In groups B and C, clinical signs of lead poisoning
were mild, nonpersistent anemia chamcterized by the
presence of poildlecytes, hypochtomie erythrocytes, tax-
get cells, erythroblasts, erythrocytes with punctate baso-
philic etippling, reduced mean corpuscular hemoglohin

concentratione, ard relative lymphocytosis, neutropenia, -

and comipopenia. One rabhit from the group fod the
largest dosa displayed partial anorexia. : -

Few comparative studieg have been reported on.sen-
gitivities of dingnostic testa for chronic lead ingestion.
One test frequently used in examination for léad
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. taken on the

intoxication is the teasurement of lead in whole
blood 5-acas .

Another frequently usad test, often used to scresm
urban children, ia based on the inhibitlon of s-amine-
Tevulinic ncid dehydmogenese by lead! This Inhibition
reaulta in the accumulation of vara in lead-intoxicate
rabbits, cows, dogs, cata, and man,2119.2% :

Inhibition by lead of heme synthetass, another en-
zyme in the heme biosynthetic pathway, results in ac-
curmulation of protoporphyrin IX in the erythrocytes of
lead-intoxicated rabbits and man. The protoporphyrin
chelated with zinc i reaponeible for the red fluorescence

-of these etythrocytes when exposed to rayw with wave-

lengtha from 320 to 400 nm.3-#* Fluorescing arythro-
cyies had been democnstrated in lead-intoxicated per-
sons, mallard ducks (Anas platyrhynchos), and Canada
geesa (Branta conadenais ) 38 _

Assays for blood lead and vara in man with lead
polsoning have been compared in eeveral reportssie.e
Since the regimen and the quantity of lead intake was
unknown in these studies, blood-lead values were used
as standards againat which vaLa values were compared.
Sometimeg a subject had an increassd blood lead walua
snd u normal vara toncentration. In one study, fre-
quency of false-negative test results wan ag high as 78%.5

An experimental chronic intoxication of rabbits was

conducted io determirie the sensitivities of several di-
.agnostic tests for chronic lead polsoning and to study
. the relationship between the dosage of Iead end tha

hematologic changes.

Materials and Mathod:

Twenty-four 4-week-nld male New Zealand mabbits were
ted a pallated besa) ration {Tasbia-1}. The rabbity ware
placed in individual metabolism cages in 4 groups (A, B, .
C, and D) of & rabbite each, and each group was glven lsed
acetate supplement in its feed for 87 daya as follows: Group

"A—25-mg of Pb/kg of body weight, group B—80 mg of

Fb/kg, group C—100 mg of Pb/kg, and group I {com-
trols}-—po supplament. .

Heparinized blood samples {10 ml} mnd 24-hour urine
samples wers collacted from each mabbit on the 16th, 37ih,
‘anel Bith day of the lead-fesding period, Erythrocyte and
leukocyts counts,. packed-cell volums, and hemoglobin de-
terminatione were made an soon an samples were collectad,
Blood sinemry were air-dried and stained with Wright's

" stadn  (without prior methanol fioation), Differsntial and

atippled oell counts were made, AR rabbits vers kiled on
the B7th .day of the lead-feedi Bone macrow
umiéers from the femur were with Wright's atain and
Blood-lead meesursmemis, uweing the Delvea samplivy
cup ‘echnique,” and rer, were parformed on blood samples
th day. - .
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A fluoreseance microsoope’ equipped with & HBO 200
“with mereury lamp and BG-35, BG-12, and BG-3 axclier
Alters were used to perlorm the reT.
an exciting light with 5 wide high pesnk from about 320
fo 400 rrn, Barrier filters 85, 50, and 44 resultsd iIn a
total pass band from B00 fo 850 nm, with
pesk from about 550 to' 660 nm,
blood*was placed on a glass slide with n coverslp gently
pressad on top. The room was made completaly dark. White
light was usad fo focus before changeover was made to
ultravielet. The preceding technique varled from that de-
scribed by Whitaker and Vietti™ and by Barrett and Kar.
etad’ in that the barrier filters 1sed in.the present atudy
ecreened out weak red fluorescence.

Tha 24-hour urine samplea (10 m!) were treated zs
recommanded by Ullman,® and UALs was mesdured accord-
ing t¢ the msthod described by Haeger

Resuits and Discussion

All rabbits conaurning lead had incressed blood lead
concentrations greater than the maximum value from

- control {group D) rabbits {0.030 mg/dly (Fig1}.
. The groupa of rabbits fad 25 and 50 mg of Pb/kg had
similar mean whole blood lead concenirations (0.079
mg/dl), and the group fed 100 mg of P/%g had a mean

whole blood level about 0.062 mg/dl higher -(Tahle 2)..

It appears that a daily lead dose between 50 and 100
mg/ug exceeded the ability of the rabbits to clear the
excess lead from the blood by urinery and - biliary ex-
cration or by doposition -in bone and soft tissuea.

None of the rabbits in group A (fed 26 mg of Po/

kg) and 2 of the B rabbits in group B (fed 50 mg of
Ph/kg) had vara concentrations exceeding the max-
imum value for controls {0.12 mg/dl} (Table 2, Fig 23,
whereas gll group C zabbits (fed 100 mg of Pb/kg) had

* Latgw Flocresowsss Mimowspe [Unlvecsal), Talmm,  Oriwerlacehan/
Wartelwry, Werl Gscnany. : Ol
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Fig 1—Maesn whoh bload lyed concentration in group A, B, €, and
O rabblts measured on the Bdth day of rthe lead-feading pariod,
Vertical bars .= minimel-maximal valuas,

TABLE 2—Mann Whele Blood Lasd Concantrstions, Urlnary 8-
Aminalrvulinks Acld {UALA) Concentrations, snd Flusrescant Eryths
raeyte Tast (FET) Rasults for Rabbits Fad & Lead Supplermane (Bdth
Day of the Lead-Feading Pericd) ]

Fabtblt proop Whols blocd
Tdoae of Laandl TALA
Phylg/dayt {mp/d) T mr
A (i aag) 0,576 .00 Positive
: 0.060-0.000)%  (0.08-0.08)
B (%} mxi 0.0 ) 1,190 Fosithes
{0,067-0,591 0.00-5.18)
C {100 mg o.1s08 0,728 Poultive
10 L. 156D 043148
D0 (Conbral 0808 10,080 Hugative
[[.L. T ) - 1000, 18]

* ik g rial vihee rre shown o pacesthass.

vALAs concentrations above the mazimun for control
rabbits. A graph of 4 UaLa excrotion values during the
lead-feading pericd showed an increase in Uara, with
continued lead inpestion for group C rabhits only (Fig
3). A false-nagative UaLa test for lead ingestion in one

Am J Vet Res, Vol 35, Ne. 8
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Fig Z—>huan f-aminclevulinie acid (LIALA) congentration in group
A, B, &, wd D rabbita, measured on the Béth day of the laad-feeding
pariod, Varticel bars = minimal-maximal values.

in whigh UALA levels are at or below the maximum velue
for controls in spite of chronic lead ingestion. In our
study, 100% false-negative tests for group A and 66%

false-negative tests for group B rabhits indicated that -

the measurement of UALA concentrations is an unreliable
teat for chromic lead ingestior in. rabbita given daily
‘doses of 50 my or less of Pb/kg of hody weight.

All of the Jead-fed rabbits had positive ¥2r, whereas
none of the group D (control) rabbite had paositive teats
{Table 2}. The reT was reliable for rabbits given daily
lead doses of 25 mg or more/kg. It should be noted
that slow scanming of the wet blood amear was necas-
sary to detect the short-lived red fuorescence. Strong
poaitive tests showed individual fluorescent erythrocytes

(fluorocytes), whereas in weaker positive smesrs there

wag & diffuse reddish hus to the field with no obwioun
individual fluorocytes. This hue was more noticesble
- at the thicker margina of the smear. In negative smsears,

- the microscopic field was biack, and red fluorescence
was not detected, This teat was etill veliable when per-

formed on bBlood which had been refrigevated lor 1 -

month, .
PBrythrocyte fluorescence, -as a diagnostic aid. for

lead poisoning, has not been widely used since the early

work of Whitaker and Vietti in 1969.3° This may have
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Fig 3—Effect of lend Ingestion om UALA excietion by rabbity fad
lead on 3 test days. A, 8, €, snd O indicate mean value for thelr
Teapect v groups.

been due to the subjective nature of the test, which re-
quired an experienged. technician to setimate the per-
centage of flunrescent erythrocytes in the microacopic .
field, This was necessary to. distinguish lead-induced
erythrocyte fluorescence and that associated with per-
nicious anemin, bepatitis, hernolytic anemmia, and other .
less common conditions. A recent attempt to quanti-
tate the Per, using & fluorometer t0 measura the inten-
mity of the Buorescence, has shown promise as a mass .
“gcreaning tool for children® This technique improves
the specificity of the test by precisely. deflning the maz-
imums of the exciting light {424 nm) and the emitted
light (594 nm}.}7 Another advantage of the flucrometric
method is that it eliminates the need for an experienced
technician., .

The firat clinical sign of lead intoxication was par-
tial anorexia noticed in 1 of the group C rabbits (100
mg of Pb/kg), a finding consistent with clinical obaser-
vations of lead-poisoned doge.” Dabbits in groupa A,
B, and D were aaymptomatic. ' '

The low hemoglobin value (10 mg or less/dl) in 2
“of the group B rabbits and 5 of the group C rabbitas

and the reduced mean corpueculer hemoglobin conesn»
tration {29 mg or less/dl) in § of the group C rabbita
" were manifested by the occurrence of target cells and

bRy




ypochromic erythrecytes in the periphetan] blood. Al-
though hemoglobin concentrations were not notleaghly
reduced in group A rabbits on the B4th day of the lead-
feeding period, hems synthesia muat have been affectad,
judging from the positive PET results for thess anitmals,
Studies of arythroeytic survival times in persons
who have had lead intoxication indicate that . lead
shortens tha lifa-gpan of most circulating arythrocytes 1
This ahort erythrocytic survival probably explains the
low eryvithrecyte counts {less than 3.88 million/mm®}
in group C rabbits {100 mg of Ph/kg), hut the anemia
was neither progressive nor persistent. Some of the
anemic rabbite had s compensatory erythrold hyper-
plasia of the bone marrow which resulted in ervihro-
blagteria (Fig 4). An intreased srythropoistic activity
ling been #een in lead-intoxieated rabhits.1?

Ll

Fig 4—Blood smwar of a group C rabblt (Fed 100 myg of Fe/kp/day?
-on the Bdth day of tha fead-feeding perind. Motlea arythroblast
{wrrerw},  Wright's stadn; % 1,000

One of the most distinctive hematologic features of
plumbiam is the punctate basophilic stippling of eryth-
rocytes, which has been reported for man, dogs, sheep,
ducks, awine, gorillas, rats, and baboons 1.2.10.111880.84,
-3 Btippling is not pathognomonic for f2nd poisoning,
eince it has been cheerved it persons with thalaesemia,
hemolytic anemia, leukemia, and reticulu:n sarcoma and
alter exposurs to benzene, aniline, carbon monoxide,
arsenic, copper, and bismuth.!11.28

The daily oral dose of lead that results in punctate
bagophilic stippling in petipheral blocd of rabbits is
probably at or near 26 mg of Pb/kg (Table 3) since

TABLE 3—Stippled Erythrocyte County of Peripheral Blood Semame
;rmmhbhlts Fed a Lead Supplarmant (A4th Cay of Lead-Feading
wrl

Pabhit [:;up Bippled erythmey ae/1,000

by day) 18tk 5T : Bk
AEmpd e o 22
E mﬂ‘ﬁ] 1 ‘tﬂ 11 i1 17
DO foomtt e : fd "
‘Total 15 o h B
Date b parecthesss ndlaals No. of pmbbil,
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Fig 5——Blood wmear of & group B rabbit {fed 50 mg of Pb/kg/duy)
on tha &4dth day of tha lesd-feacling pericd. Motica punctate bato.
philkc stippled srythrocyty (arrawd, Wright's alaln: ¥ 1,000,

erythrocytes with punctate basophilic stippling were
obrerved only rarely {1 in 1,000 erythrocytes) in pe-
ripheral blood (Fig B) of only 2 of the rabhits given 25
mg of Pb/kg and then only on the last blood sample-
collecling day. Stippled cells were observed in. bleod
amears in 5 group B rabbits and in 8 group © rabbits

* on At lsast 1 sampling day in the lead-feeding period.

The total number of atippled erythrocytes and the pum.
ber of rabbite affected tended to Incresse with continued
lead ingestion for group A and B rabbits. Howaver, the
nutnber of group C raihita {fod 100 mg of Pb/lg) in
which - stippled erythrocytes were observed decreased
from 5 on dey 16 to 3 on day 84 of the lead-feading
period. Stippling was not parsistent. Since fesding,
hlood aampling, and staining procedures were depe in

a yniform manter throughout the study, the disappear-

ance and reappearance of stippled cells may be related
to reticuloendnthelial activity, as was suggested by Hop-
king,2* In any event, the abaence of basophilic atippled

- erythrocytes in peripheral blood does not preclude a

diagnoais of [ead poisoning in rehbits.

Examination of bene marrow smears failed to reveal
punciate hasophilic stippled erythrocytes, Since the
warrew amears were mads 3 days after the Iast day of
bleod sampling and since peripheral blood smears were
not examinad, perhaps stippled cells wers not being
produced at the time of marrow sampling. Alterna-
tivaly, it is possible that basephilic stippling does not
occur in ervthroblasts of New Zealand White rabhbita,

Anisocytosis and poikilocytosis were pronounced in
the group C rabbita (fed 100 mg of Pb/kg), although
all rabhits, including controls, had some degree of aniag-
cytoais and peikilocytosis. Schermer® describes wabbit
srytiirocytes as being highly anisocytotic and frequently -
microcybetic, *Thorhappls” fortns of erythrocytes are
aleo o commoen finding in normal rabbit blood amears.”

Losd-doasd rabbits often diep'.yed relative lympho- -
cytosia {BO'% or greater) and neutropenia (3% or lesa}
but no eosinopenin. These observationz were made
mainly on the group C rabbits. Relative lymphocytosin

-hae been recordedi®-it for rabhjts and white hamsters

cxperimentally intoxicated with lead,

Am J Vet Res. Yol 35, Mo, 8
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