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Effects of lead deficiency on lipid metabolism
A. M. Reichlmayr-Lais and M. KirchgeBner
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Summary: The criteria of lipid metabolism in lead deficiency were determined.
For this purpose an experiment was performed with Sprague-Dawley rats distri-
buted in depletion and control groups. The depletion rats were fed an extremely
low lead content diet (20 £ 5 ppb), whereas the diet for the control animals was
supplemented with 800 ppb Pb**. Dependent on generation, depletion influenced
triglyceride content in serum and liver, phospholipid and cholesterol content in
liver as well as the whole body fat of the offspring. The results indicate that in
mothers the absorption of lipids is impaired. Consequently it is possible that the
mothers do not excrete enough fat with milk leading to an energetical deficiency
and therefore to reduced growth.

Zusammenfassung: Nachdem sich in Modellstudien zum Nachweis der Essentia-
litat von Blei bei unzureichender Pb-Versorgung von Muttertieren Verdnderungen
im Lipid-Stoffwechsel bei ihren Nachkommen zeigten, sollten im vorliegenden
Versuch Parameter des Lipidstoffwechsels sowohl bei Muttertieren als auch bei
deren Nachkommen untersucht werden. Der Versuch wurde mit weiblichen
Sprague-Dawley-Ratten Gber mehrere Generationen durchgefiihrt. Eine teilweise
gereinigte halbsynthetische Diit sowie Trinkwasser wurden ad libitum angeboten.
Der Pb-Gehalt der Basisdiét, die als Depletionsdiit eingesetzt wurde, betrug 20 + 5
ppb. Fir die Kontrolltiere wurde die Basisdiat mit 800 ppb Pb** supplementiert.
Durch die Depletion an Blei wurde in Abhingigkeit von der Generation der
Triglyceridgehalt in Serum und Leber, der Phospholipid- und Cholesterolgehalt
der Leber sowie der Gesamtlipidgehalt des Kérpers beeinflufit. Im Vergleich zu
Kontrolltieren war bei den depletierten Tieren der Py-Generation der Triglyceridge-
halt des Serums reduziert und der Gesamtfettgehalt des Kérpers unverandert, bei
den depletierten Tieren der F,-Generation der Triglyceridgehalt in Serum und
Leber reduziert und der Phospholipid- und Cholesterolgehalt der Leber erhéht, bei
den depletierten Tieren der P;-Generation der Triglyceridgehalt der Leber erhoht,
der Triglyceridgehalt des Serums erheblich vermindert und der Phospholipid- und
Cholesterolgehalt der Leber sowie der Gesamtfettgehalt des Kérpers unverindert
und bei den depletierten Tieren der Fy;-Generation der Triglycerid-, Phospholipid-
und Cholesterolgehalt der Leber unverandert, der Triglyceridgehalt im Serum
erh6ht sowie der Gesamtfettgehalt des Kérpers vermindert.
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Introduction

In previous animal studies in which rats were experimentally depleted
of lead, clinical symptoms of lead deficiency could be reproducibly
induced by providing rats with insufficient alimentary lead. Thus, lead
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was shown to be an essential element for the organism. Symptoms of lead
deficiency, which are growth depression (4, 5) and anemia (6), were
observed in the offspring of lead-depleted female rats. These symptoms
were shown to be related to biochemical changes in the organism, and in
particular to changes in iron and lipid metabolism (1, 2, 7).

In this study, we investigated criteria of lipid metabolism in adult female
rats and their offspring after the rats were provided with either a deficient,
or sufficient, lead supply.

Materials and Methods

Twenty female rats with initial weights of 30 1 g were divided into a depletion
group and a control group. At sexual maturity (ca. 200 g) the rats were mated, after
gravida and 21 days’ lactation, dams were decapitated under ether narcosis, bled,
and then the liver and pancreas of each animal were removed (p, generation).
Offspring of the p, generation dams, with the exception of one representative
female per litter, were also decapitated at the end of the suckling period, liver and
pancreas were removed (f; generation). The representative female from each litter
was raised to sexual maturity, mated, allowed to lactate for 21 days and then was
also decapitated and dissected (p, generation). The offspring of the p; generation
dams were likewise sacrificed and treated at the end of lactation (f, generation).

The rats were supplied, ad libitum, a half-synthetic diet consisting of the follow-
ing: 20 % casein, 34.8 % starch, 28 % sucrose, 8 % coconut fat, 4 % mineral “mix”, 3 %
cellulose, 2% vitamin “mix”, and 0.2 % DL-methionine. The mineral “mix” con-
sisted of 8.28 g Na,HPO, - H,0, 8.2 g KH,PO,, 6.0 g KCL, 3.4 g MgCl, - 6 H,O and
13.6 g CaCO; per 10 kg diet. The following trace elements were added: Fe (50 ppm),
Zn (50 ppm), Cu (12 ppm), Mn (40 ppm), I (7 ppm), Ni (1 ppm), F (540 ppb), Mo (200
ppb), Sn (300 ppb), Se (200 ppb), Cr (100 ppb), V (100 ppb) and Si (200 ppb). Casein
was isolated from skimmed curds and purified according to the method of Schnegg
and Kirchgefiner (9). Cellulose was also purified by the a method of Schnegg and
KirchgefBner (9). Minerals were purified using a modification of the method of
Williams and Mills (10). The depletion diet contained 20 * 5 ppb lead. 800 ppb lead,
in the form of supra-pure lead acetate, was added to the control diet. The rats were
provided with pure drinking water with 0.014 % supra-pure NaCl ad libitum.

Rats were housed in fully air-conditioned rooms (temperature 23 £ 1°C, relative
humidity 60 + 10 %) in macrolon® cages. The rats were kept on a 12 h night-day
cycle.

Rat liver, pancreas, carcass and serum were deep-frozen until they could be
analyzed. Homogenization of liver and pancreas was performed with a Potter
Elevehjem homogenisator. Triglyceride, phospholipids and cholesterol were deter-
mined with kits from Boehringer, Mannheim. Total body fat from the rat carcass
(minus liver and pancreas) was determined after disintegration of each carcass in
HCL and subsequent ether extraction (3). Livers from dams of the p, generation as
well as carcasses from the f; generation rats could not be used for these determina-
tions, as these livers and carcasses were used for trace element determinations.

Data were evaluated using the analysis of variance. The multiple t-test was used
to test for significant variation between group mean values. The results show group
mean values together with standard errors of the mean (+ values). Group mean
values which are significantly different from one another are indicated by raised
characters.
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Results

Table 1 summarizes the liver triglyceride concentrations from 21 day old
rats of the f| and f; generation and from dams of the p; generation. The
triglyceride concentration in livers of f; generation lead-depleted rats was
25% lower than the concentration in livers of the f, control group rats,
although no difference in liver triglyceride levels was observed between
depletion and control animals of the f; generation. In contrast, the liver
triglyceride levels in lead depleted dams (p,) was 88 % higher than levels in
the p; control group dams.

Table 2 demonstrates triglyceride levels in serum of p; and f; generation
dams and their 21 day old f; and f, generation offspring. Serum trigly-
ceride concentrations for the depletion dams of the p, and p; generation
and for the young depletion rats of the f; generation were reduced in
comparison to concentrations for the respective control animals. On the
other hand, depletion animals of the f; generation had higher serum
triglyceride levels than did the f, control animals.

In Table 3, liver phospholipid concentrations from 21 day old f; and f,
generation rats and p; generation dams are depicted. The phospholipid

Table 1. Triglyceride content in liver of p; generation mothers and offspring from f,
and f; generations dependent on deficient and sufficient Pb supply (FM = fresh
matter).

Generation Depletion Control Depletion Control
mg/g FM mg/g FM mg/g Protein mg/g Protein
£ 24.3% 35.6* 381® 512°
! +1.38 + 3.9 + 41 + 56
9.3° 5.4 86.3° 45.7*
by +0.6 +0.38 +13.3 + 6.4
£ 33.6° 27.32 582 496
2 +43 + 3.6 + 87 + 65

Table 2. Triglyceride content in serum of mothers from p, and p, generations and
their offspring (f; and f, generations) resulting from deficient and sufficient Pb
supply.

Generation Depletion Control
3.0° 5.7°
Po +05 £0.9
f, 3.6° 4.3
1 +0.2 +0.3
4.2° 20.1°
P +09 + 14
b a
£, 4.3 3.2

+04 +0.3
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Table 3. Phospholipid content in liver of mothers from the g; generation and the
offspring of f; and f, generations dependent on deficient and sufficient Pb supply
(FM = fresh matter).

Generati Depletion Control Depletion Control
on mg/g FM mg/g FM mg/g Protein  mg/g Protein

¢ 13.9° 10.5° 196" 1512
! +0.7 + 0.4 +11 + 8
9.8° 9.3° 912 81°
P + 1.1 +04 + 10 + 4
£ 6.5° 6.5 112* 117
2 06 +05 +12 11

Table 4. Cholesterol content in liver of mothers from g; generations and offspring
from f, and f, generations resulting from deficient and sufficient Pb supply (FM =
fresh matter).

Generation Depletion Control Depletion Control
mg/g FM mg/g FM mg/g Protein mg/g Protein
¢ 2.7% 4.0° 39.7° 53.1°
! +0.2 +0.1 +2.2 +2.2
9,28 9.3% 79.7% 85.8°
b1 038 +0.9 +5.6 +7.3
£ 4.0* 3.9% 65.6% 69.5*
2 +0.2 +0.1 +28 +2.2

Table 5. Whole body fat (% of dry matter) of mothers from p, and p, generations and
offspring from the f, generation resulting from deficient and sufficient Pb supply.

Generation Depletion Control
23.0° 27.4*

Po +£29 +3.2
33.7% 33.52

b 15 +3.1

f, 26.1° 30.0°

2 +0.6 +0.8

concentration in the livers of f; depletion animals was 26 % higher than the
value for the f; control rats. In contrast, there was no observable difference
between phospholipid concentrations of depletion and control group ani-
mals of the f, and the p; generations.

The cholesterol concentration in livers of p; generation dams and 21 day
old f; and f, generations animals are shown in Table 4. Only in the f;
generation rats did liver cholesterol concentrations differ between deple-
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tion and control group animals, f; offspring of lead depleted dams had
lower liver cholesterol levels than did the f; control group animals.

Table 5 demonstrates total body fat in the carcasses (sacrificed, bled rats
minus liver and pancreas) of the p; and p; generation and f, offspring
animals. Between depletion and control groups of py and p, dams, there
was no observable difference, however, depletion rats of the f, generation
had lower total body fat concentrations than did the f, generation control
rats.

Discussion

In general, experiments presented here show that insufficient lead
supply affects lipid metabolism in both rat dams and their offspring.
Hereby, triglyceride levels are affected to a greater, and phospholipid and
cholesterol levels to a lesser, extent. The metabolism changes in the rat
dams were obviously less intensive than in their offspring, as the total
body fat content had not yet been reduced. In dams, the triglyceride
concentration was most affected in serum. The extremely low triglyceride
level in serum of p; generation dams is most likely the cause of raised
triglyceride levels in the liver, which in turn possibly represent a strong
compensatory triglyceride synthesis in the liver. The elevated lipase activ-
ity in the dam pancreas can be interpreted as a compensatory measure in
order to cover the especially high energy requirement present during
lactation (8).

The reduced triglyceride concentration in the serum and liver of f rats
at the end of their suckling period confirms results from earlier experi-
ments on lead depletion. The reduced triglyceride levels are most likely
related to the consistent negative changes caused by insufficient lead
supply, once again confirming the essentiality of lead.

In contrast, f; generation depletion rats had, when compared to control
rats, unchanged triglyceride levels in the liver and elevated triglyceride
concentrations in the serum. These most likely result from compensatory
mechanisms, as the total body fat content was lower in carcasses of the
depleted f; animals than it was in the f, control animals. Assumably, the
reduced total body fat of f; depletion animals is due to either reduced lipid
absorption or lowered fat intake over the mothers’ milk. It is possible that
the triglyceride level in milk of p; dams was reduced, as disturbances in
the lipid metabolism of these dams had already been observed. This
hypothesis must be tested in further experiments, and the question must
be asked as to why the triglyceride content in mothers’ milk is reduced,
eventually as a result of reduced lead supply. Consistent with their
reduced fat intake and hampered fat absorption is the reduced lipase
activity in the pancreas of these rats (8).

In terms of weight, the reduced total body fat concentration in carcasses
of the lead depleted animals corresponds to the growth depression
observed (5). Thus, disturbances in lipid metabolism are probably the
primary cause of the reduced growth in offspring of lead depleted female
rats which had been observed during the suckling period. This hypothesis
is supported by the fact that the raw protein content in carcasses of
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depletion animals was unchanged in comparison to the value for control
animals (unpublished data).

As growth depression in offspring always appeared post-partum (4, 5),
the actual disturbances in lipid metabolism must be searched for in
lactating animals.

References

. KirchgeBner M, Reichlmayr-Lais AM (1981) Biol Trace Elem Res 3:279
. Kirchgef3iner M, Reichlmayr-Lais AM (1982) Ann Nutr Metab 26:50
. Kuhla S, Baumung A, Weissach F (1983) Arch Tierernihrg 33:719
. Reichlmayr-Lais AM, Kirchgef3iner M (1981) Tierphysiol, Tierernidhrg u Futter-
mittelkde 46:1
5. Reichlmayr-Lais AM, Kirchgefiner M (1986) In: Mills CF, Brenner I, Chester JK
(eds) Trace element metabolism in man and animal-5, Commonwealth Agricul-
tural Bureaux, p 283
6. Reichlmayr-Lais AM, Kirchgefiner M (1981) Ann Nutr Metab 25:281
7. Reichlmayr-Lais AM, Kirchgefner M (1981) Z Tierphysiol, Tiererndahrg u
Futtermittelkde 46:8
8. Reichlmayr-Lais AM, Kirchgefiner M (1986) Z Tierphysiol, Tiererndhrg u
Futtermittelkde, 56:123
9. Schnegg A, Kirchgefiner M (1975) Z Tierphysiol, Tiererndhrg u Futtermittelkde
36:63
10. Williams RB, Mills CF (1970) J Nutr 24:989

S DD

Eingegangen 18. Juni 1986

Anschrift der Verfasser:
Institut f. Erndhrungsphysiologie d. Techn. Univ. Munchen, 8050 Freising-Weihen-
stephan



