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CLINICAL SIGNS, RADIOLOGY AND TISSUE LEAD DISTRIBUTION OF
DOGS ADMINISTEHED A MIXTURE OF LEAD CHLORIDE, LEAD .
BROMIDE AND LEAD SULPHATE
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: R B. LaveLie*

.SUMMARY Elgm—mon!h~old dogs mamtamed ona mgh-fat-low-calcmm diet were admmistered

" a~mixture ot lead chioride, lead bromide and lead sulphate for prolonged periods at 4
diffarent- dose iéevels. Dogs on high tevels of lead shewed marked weight loss and
gastrointestinal symptoms followed by death. Two dogs on low lead lsvels developed

Introduction

-the major source of pollution

) in the Umte¢States (Beliles 1975). During recent

years much’attention has been given to the study
of chronic.léad:exposure in ammals Most of the
experimental#studies have used lead acetate or
lead carbonate: for producing the toxicity but
neither of:these-substances are significant con-
stituents-of-exhaust emission of mtemal combus-
tion engines-using leaded petrol.

The purpose-of. this paper is to report on the
clinical observations, radxoloazcal investigarions
and tissue-distribution of lead in dogs which were

mixture at. dliferent dose rates.

The lead .salt mixtufe consisted of lead chlo-
ridef, lead bromide, and lead sulpharef in 1:1:2
pmpomons respectively. These lead compounds
in approxunately similar proportions are the
major byproducts in the exhaust emission of
internal combustion engines which utilise leaded

-petrol (Bloom 1979 personal communication).

. Maienals and Methods

Animals and D:ez

Eleven Kelpie-crass dogs of 8 months of age were obtained
for the purpose of this experiment. Prior to the commencement
of the expenmcnt,,the dogs werz vaccinated against canine
distemper, canine- hepatitis, parvoevirus infection (using
inactivated feline enteritis vascine) and were dewormed {Pra-
ziquantel§ and Pyrantel Pamoate’')., The dogs were then
divided into §: groups of 2 dogs, except group "5 which had

rolonged periods to a lead salt’
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neurological signs. Radiological. mvestnganons showed radiopaque particles in 27 per cent
fabdominal radiographs and ‘lead lines’ in the-distal radius of 3 dogs. Highest tissue lead ~
levelswere found in bones followed: by fiver and kidnay, brain and spxnal gord.

'3 dogs. All the»dogs were - maman{ed on a high-far-low-

calcxum diet which consisted of minced meat scraps and fat:

Each dog received 500 g of this diet per day in a stainless

steel container. The diet was analysed and found ro contain

35% to 43% fat and less than- 0.1% calcium (dry weight.
basis). After a period of stabilisation-on this diet (7 days), the
3 groups of dogs were administered the lead salt mixture at
the dose rate of 0, 5, 15, 30 and 60 mg per kilogram body

weight per day (Table ). The lead salt mixture was weighed

into gelatia capsules and was administered oraily. The controi

group (group 4) was given 2 mg sodium chloride* (containing

less than 0.005% lead) ‘per day in geladn capsules. The dogs
were weighed once a-week and the lead dose for the week was
calculated on this wclght .

Samples

Bidod samples {7.5 ml) were drawn from_ the jngular vein
of each dog. 5 mi of this blood was placed in plastic tubes-
containing heparin {for lead .analysis) and the remainder was
placed in EDTA (for routine hematology). .Samples were
collected daily for the first 3 days and then weekly for the
remainder of the experimental ‘period (21 weeks). Routine
hematolozy was carried out using standard laboratory
methods.

Radiographs ‘were taken of the right foreleg {A-P view}and
of the lateral abdomen (whxch also included the lumbar
vertebrae) of each dog prior to the commencemznt of the
expetiment, The. radiographs were repeated approximately
every 30 days to detect lead pamcies in the gastrointestinal
tract and 10 monitor .changes in the bones. Radiographs of
all the dogs were taken at the same time, except in the case
of the dogs that died within the first 30 days in which case
the mdmgraphs of the right foreleg were taken after death.

A completc post mortem examination of all dogs was
cacried out immediately after death. Samples of liver, kidney,
right distal radiys, fourth Tumbar vertebra, qerebmm {fromta}
lobe) and Ium ar spmd cord were frozen for subseguent
determination bf lead content.

Representdtile tissues of mest jorgans mcludng ‘whole brain
wers pr»served. i 10% bpffer‘d focmalin for histopathalogical
examination, The palhoiovmai findings wril be published
elsewnere.

Chemical Analysis

All chemical analyses were periormed at the Victeriaa
Degartment of Agriculture, Division of Agricalteral Chemisiry

-May ana Bakar Lid., Daganham, United Kingdom
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Figura 5. Bod/ weights {kg} and Dlood léad levels (.ag!ﬁi) of dogs
administarag lead at 60 mg. per kiiogram body weight per day.

3 days. The level then dropped markedly for the
next 2 weeks and then gradually increased again
(Figures 3 and 3).

In group 4 (control dogs), the' biood lead level
mcreaaed slightly and remained above 35 ug/di
in dog HISZ for approximately 9 weeks (Figure
4). Dog H183 was killed by euthanasia on day 58
since by this time more than half the experimental
dogs were dead.

Hematology

Routme hemdtologxcal findings indicated a
slight drop in the packed cell volume in the dogs
fed lead. Early in the course of the experiment,
nucleated red bluod cells and basophilic stippling
were visible in all dogs dosed with lead, but this
was not a regular feature of blood smears from
these dogs. No nucleated red blood cells or
basophxhc stippling were seen in the blood from
the control dogs.

Radiology )

Table 2 shows the radiological findings in the
lead administered dogs. Lead particles were
detected in the gastrointestinal tract in only 4

1

TABLE 2

Monthly Radiographic Examination of Abdomens of
L:e:_xd-:_%}dm\inistercd Dogs

' No. of No. Showmg
Dog No: Dosaoe ~ X-rays Taken_ Lead ancles
H 176 5 mg/kg/d;w - -
H 177 5 mg/kg/day 6 1
H 178 15 mg/kg/day - T -
H 179 15 mg/kg/day 3 2
H 180 30 mg/kg/day 2 0
H 181 30 mg/kg/day 2. i
H 184 60 mg/kg/day - -
H 185 = 60 mg/ka/day 2 0
H !86 60 mvfkg/dav- - =
Total . < o
© dogs). 15 +.(27%)

abdominal radiographs (27% of the total
radiographs of the dogs fed lead).

“Lead lipes’ (radxopaque lines) were detected in
the right distal radius of 3 dogs {one each from
groups 2, 3 and 5) and were not seen in the
lumbar vertebral bodies of any dogs. The ‘lead
lines’ were visible in the first series of radiographs
which were taken pn day 30 of the experiment.
At this time they were rather faint and could only
be appreciated when the radiographs were com-
pared to the pretreatment films. These lines
became progressively denser in subscquem radi-
ographs (Figure 6B). Radiopaque particles in the

“alimentary tract or ‘lead lines’ were not seen in

the radiographs of the. control dogs.

Tissue Lead Levels

Tissues from the dogs administerd lead showed
higher levels of lead than did the tissues of the
control dogs (Table 1). Generally the highest lead
levels ‘were seen in the distal radius, followed by
the lumbar vertebra, the bones of the calvarium,

liver and kidney, cerebrum and spinal cord. The

dogs showing lead lines” on their radiographs
had the hxghest lead levels (over 400 ppm) in the
distal radius and dogs that developed neurological
signs had high lead levels (over 3 ppm) in the
cerebrum.

Diseussion

Anoreua weight loss, vomiting and diarrhoea
as seen in the dogs dosed with lead have been
reported in accu.entai and experimental cases of
lead pmsomna {Zook et al 1969; Stowe et al
1973; Stowe and Vandevelde 1979; Hamir 1981).
In the low dose group (5 mg/kg), vomiting and
diarcthoea were -not observed. Thompson (1979)
and Mitema et al (1980), who used lead carbonate
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ment. The efficacy of our exp,erlmental procedurc
in producing pervous signs thus campares favour-
ably with “that achieved by previous-workers. This
suggests that the simple diet of meat Scraps and
fat imparted a significant predlsposmon to lead
encephalopathy, However, our; results also
emphasize that the development of the
neurological signs is favoured by the: use of low
levels of lead (5 to' 15 mg/kg).*

A blood Jead level of 35 pg/dl consxdered as
the upper normal limit for dogs. {Zook 1978) and
levels. of 60 ug/dl or more are diagnostic of lead
poisoning (Zook and Carpen er 1977). In our
study blem‘cl 1eac1 levels - incr ased” to above- 120

e-duration
obseryed by
41 (1980) who
‘respectively
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ht increase in the blood ‘lead level of
dogs berween the first and the 13th
mpt,nment was attributed to-the control
ming in contact with dogs administered
luzing routine experimental procedures

radiggraphy and sample collection)
tensive search-aimed. at detecting any

pcsmbie
tion, storage, handling and analysis of blood
_ failed to reveal any source of lead contamination.
nption that the control dogs acquired
he dogs administered lead appears to
ce after the tenth week of the exper-
yne dog fed lead zemained and soon
he biood lead level of the remaining

fead froi
be valid
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control dbg (H182) decreased markedly (Figure ~

4), 7

Radiological mvestluatzons of dogs suspected
of having xead poisoning for detection of lead
particles in gastromrx.stma{ tract and for detection
of ‘lead lines” ia long bones has been recom-
mended in the standard veterinary texts (Og¢hme
1975: Bugk and Heskin 1979) and in published

he in¢rease -

urce of contamination during collec- -

work (Zook et al 1969) Zook et al (1969)'-

however, recommended further investigations on
the usefnlness -of detection of ‘lead lines® as
diagnostic aid in. cases of lead toxicity.

Results of our radiological investigations were
not particularly rewarding since only 27 per cent
of abdominal radiographs showed lead particles

“in the alimentary tract and only 3 dogs (33 per

cent of lead-administered dogs) had ‘lead lines’

in the radius. These findings are however com- =

parable to those of Zook et al (1969) who found
radxopaque particles in 32 per cent and ‘lead
lines” in 39 per cent of cases of accxdental lead
pmsonmgs. ’

In the present expenment the animals were

maintained om a high-fat-low-calcium diet and -

the Jead: was admxmstered in a powdered form.
all -3 factors, high dietary fat, low dietary
calcmm and small-particle size of lead are known
R 16] marease lead absprption (Bamrop and Khoo
1976; Baritrop and Meek 1979), it is probable
that a high proportion of the admipistered lead

; uted to negative fadiological find-
mos in a large proporuon of the abdommal
radlovraphs : )
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