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THE EFFECTS OF LEAD POISONING ON VARIOUS PLASMA

CONSTITUENTS IN THE CANADA GOOSE*

G. 1. MARCH**, T. M. JOHNrn, B. A. McKEOWN ifi, L. SILEO� and J. C. GEORGEm

Abstract: Plasma glucose, free fatty acid and uric acid levels were measured in
lead-poisoned Canada geese (Branta canadensis). Although plasma glucose levels
were only slightly elevated, uric acid was significantly higher and free fatty acids
were significantly lower. Altered plasma levels were attributed to increased protein
catabolism and perhaps renal disfunction. Plasma level of growth hormone and
prolactin was assessed by radioimmunoassay. Growth hormone remained unchanged
while prolactin was unusually high. The increased prolactin levels may reflect an
effort to stabilize free fatty acids.

INTRODUCTION

Lead poisoning is a significant mor-
tality factor in a variety of vertebrate
species, and is presently considered to be
a major cause of waterfowl mortality in
eastern and central North America.’,”,’�’

The increasing amount of lead added
to wetland areas not only has caused
serious loss of waterfowl but under-
standably may have an effect on other
marsh dwelling species.”4’6” The patho-
logic effects of lead on waterfowl have
been described by Trainer & Hunt,”
Bagley et al.,’ and more recently by
Karstad.’6

Migratory birds increase rapidly in
weight and deposit considerable fat just
prior to migration. Any interference
with this phenomenon would be ex-
tremely critical since lipids are the ma-
jor source of energy for avian flight.’
Lead-poisoned Canada geese are often
severely emaciated and have a conspicu-
ous cephalic edema.

A number of hormones are involved
in lipid metabolism. In birds prolactin
influences both lipid synthesis and utili-
zation, depending on the time of day the
hormone is administered. Injections of

prolactin, when given early in a 16 h
photoperiod, suppress body weight and
lipid deposition.” Contrarily, injections
given late in the photoperiod promote
lipid synthesis and deposition. Recent
work has implicated prolactin as one of

the hormones capable of elevating plas-
ma levels of free fatty acid (FFA) and
in this respect closely resembles the ac-
tivity of growth hormone.is�

Since lead-poisoned birds experience
various degrees of emaciation’3 during
the migratory period, a time when
energy utilization is critical, the blood
parameters associated with metabolism
were investigated. Consideration was gi-
ven to glucose, FFA, uric acid, growth
hormone and prolactin.

MATERIALS AND METHODS

Eight moribund Canada geese were
captured during December 1973 in a
large marsh area along the southeastern
side of Lake St. Clair, Ontario. Under
licence from the Canadian Wildlife Ser-
vice, eight free flying healthy Canada
geese were obtained from the Kortright
Waterfowl Research Center, and used
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for controls. All birds were killed by de-
capitation at approximately the same

time of day (1000 to 1200) to avoid
possible fluctuation of certain metabo-
lites attributable to circadian rhythm.

Blood was collected in oxalated cen-
trifuge tubes, centrifuged, and plasma
was stored frozen for later analysis. Ne-
cropsies were performed on the mori-
bund geese immediately following de-
capitation. Selected tissues were fixed
in 10% buffered formaiin, embedded in
paraffin, sectioned at 5 � and stained
with Hematoxylin and Eosin. In some
cases the Ziehl-Neelson acid-fast method
was used.’8 Plasma lead levels were de-
termined by atomic absorption spectro-
photometry.

The radioimmunoassay for both
growth hormone and prolactin was the
solid phase method of Catt and Tregear,’
with slight modifications described ear-
lier for avian prolactin,” and avian
growth hormone.” Each plasma sample
was assayed at three dilutions (1:200,
1:400, 1:800) in 0.15 M NaCI. The
antiserum was diluted 1:300 for growth
hormone and 1:1000 for prolactin.
Since purified avian growth hormone or
prolactin was unavailable, standard
curves showing absolute hormone con-
centrations could not be produced.
However, one plasma sample was used
to produce a “standard curve” and all

other plasma samples were compared to
this curve to express plasma hormone
concentrations as a relative percent dif-
ference. Each sample was assayed sep-
arately and a group average was calcu-
lated.

The plasma FFA levels were deter-
mined by using the semiautomated cob-
rimetric method of Antonis,’ carried out
on the Technicon Autoanalyser system.
Uric acid was assayed using The Sigma
Chemical Co. method (Technical Bulle-
tin #292-UV). Glucose was assayed by
the glucostat method of Worthington
Biochemical Corporation; New Jersey,
U.S.A.

The means of all measurements were
compared statistically by the Student’s t

test.

RESULTS

Results of post-mortem and microsco-
pic examinations were indicative of lead
poisoning and are summarized in Table
1. Lead levels in a pooled plasma sam-
ple of all the lead-poisoned birds were
found to be higher by a factor of three
than the plasma lead levels of the con-
trols (1.2 ppm compared with 2.9 ppm).

Data on plasma levels of glucose,
FFA and uric acid are given in Table 2.
Plasma glucose did not change, however
uric acid levels were significantly higher

TABLE 1. Post-mortem results of eight lead-poisoned Canada geese killed by decapitation.

No. of Birds Gross Lesions

2 Emaciation

2 Esophageal impaction

6 Lead shot in gizzard

4 Bile-stained liver

3

Microscopic Lesions

Fibrinoid degeneration of arteries

2 Skeletal muscle necrosis

2 Myocardial necrosis

4 Hepatic hemosiderosis

2 Acid fast intranuclear inclusions (renal tubule epithelium)
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TABLE 2. Plasma levels of glucose, FFA and uric acid in lead-poisoned and control Canada

geese. (A = Adult; HY = Hatch year; M = Male; F = Female; Sex and age of number 8

not recorded).
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1 HYM 293 438 16.25 1 297 446 7.45

2 HYM 291 635 6.05 2 340 660 8.20

3 HYM 290 660 13.38 3 325 500 4.75

4 HYF 430 510 13.63 4 227 1165 3.38

5 AF 510 560 39.15 5 277 725 4.85

6 AF 353 200 13.65 6 337 725 8.25

7 HYF 370 480 13.70 7 250 543 6.95

8 - 318 110 11.40 8 290 1057 5.85

Mean 356 449 15.90 292 727 6.21

± SEM 26 65 3.26 13 85 0.59

Prolactin

FIGURE 1. Plasma growth hormone and pro-

lactin concentrations in lead-poisoned Canada

geese: (*** p < 0.001).

(P < 0.05) in the lead-poisoned birds
compared with the controls. Plasma
FFA bevels were markedly decreased in
lead-poisoned birds (P <0.05).

Results obtained from the radioimmu-
noassay of prolactin and growth hor-
mone in lead-poisoned birds indicate a
significantly higher level of prolactin (P
< 0.001) but no change in growth hor-
mone (Fig. 1).

DISCUSSION

Previous research indicates that lead-
poisoned birds have acute anorexia, re-
sulting in severe emaciation.” Thus
geese moribund from lead poisoning
should experience considerable loss of
weight and have blood plasma parame-
ters consistent with starvation. In most
mammals and immature chickens depri-
vation of food reduces plasma glucose
and increases FFA.’� However, in lead-
poisoned geese the situation is reversed
in that the level of plasma glucose is
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slightly elevated while FFA is signifi-
cantly lower. This agrees with work
done by Heald and Rookledge’#{176} on starv-
ing mature laying hens and is also com-
patible with results obtained by Mc-
Keown et al.2’ for the kokanee salmon,
Oncor/zync/zus nerka. Plasma levels of
FFA in lead-poisoned geese indicate se-
vere starvation and, in addition, uric
acid is unusually high, again suggesting
increased protein catabolism and per-
haps renal disfunction as well.

The plasma levels of growth hormone
would be expected to increase when
FFA level is low, especially if there is
demand for more FFA for oxidation by
the muscles, since growth hormone has
been shown to have a strong adipokine-
tic effect in both mammals” and birds.’4’
�‘ The apparent lack of any significant
changes in circulating levels of growth
hormone may indicate little demand for
FFA, possibly due to low oxidative me-
tabolism, thereby producing a feedback
reduction in growth hormone release.
The fact that these geese were moribund
and could not maintain sustained flight
suggests their metabolism is more glyco-

lytic than normal geese, which are high-

ly aerobic and mainly utilize fat as a
source of muscular energy. Moreover,

increased lead levels in swine cause
structural degradation of the cristae in

the mitochondria.” More recently, using
beef mitochondria, Scott Ct al.” have
shown that succinoxidase activity is in-

hibited by Pb2�. The primary site of in-

hibition is in the succinic dehydrogenase
step. Lead also has been shown to acti-
vate the energy-linked uptake of ions by
the mitochondria with the result that
lead accumulates by an energy-depen-
dent reaction, a feature lead shares with
Ca’�. Therefore the inference is that in
these birds glycolytic pathways should
be preferred over utilization of lipids,
which necessarily require an efficient
mitochondrial system.

Acknowledgments

Prolactin, also implicated in energy
metabolism, was markedly increased. In-
jections of this hormone in pigeons
causes an immediate increase in the ac-
tivity of those enzymes involved with Ii-
pogenesis,’ and also it has shown that
labelled precursor substances rapidly ap-
pear in liver FFA. Winkler et al.” have
concluded from their studies on the dog
that prolactin is directly involved in the
increase of plasma FFA, an effect simi-
lar to that produced by growth hor-
mone. Possibly the increased prolactin
secretions reflects an effort to stabilize
FFA levels.

Jordan and Bellrose” compared the
physiologic conditions of normal and

lead-poisoned ducks provided with iden-

tical diets and reported decreased ap-
petite in birds poisoned with lead. Ap-
parently many of the characteristics of
lead poisoning, such as weight loss
curves, signs and time to death, were in-

distinguishable from those of starvation.
Lead interacts physiologically with cal-

cium in many cases,7 and can replace
calcium in certain blood proteins.’4 Since

it has been reported that increased
amounts of dietary calcium depress food
intake and produce marked retardation
in body and weight gain,” lead may
have a coincidental effect and produce
results similar to calcium. Work by
Bellrose’ indicates that possibility of
calcium-lead interaction with respect to
food intake.

Considerable evidence suggests many
of the pathologic effects of lead poison-
ing could be terminal.’’6 However, some
birds have recovered completely follow-
ing experimental lead poisoning and ne-
cropsies revealed repair of damaged tis-
sue.3 This information, when combined
with results from plasma analysis, sug-
gests the possibility of both food depri-
vation and mitochondrial damage play-
ing a major role in terminal lead poison-
ing.
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