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Summary. Sexual dimorphism exists in the response of rats to lead nitrate,

liver hyperplasia occuring earlier and being more pronounced in males.

Excess dietary choline in females shifted the growth pattern towards that of

males. To determine whether phosphatidylcholine-induced growth modula-

tions could be related to a derangement of cholesterol metabolism, liver

accumulation of cholesterol esters and plasma lipoprotein patterns were

investigated. In males, lead-induced liver hyperplasia was associated with

increased total cholesterol hepatic content, accumulated cholesterol esters

and reduced concentration of plasma High Density Lipoprotein (HDL) choles-

terol. Females were less responsive to the liver mitogenic signal of lead nitrate;

there was no elevation of cholesterol content nor any marked accumulation of

cholesterol esters. This is consistent with the lack of change in the plasma

levels of HDL cholesterol. Continuous choline feeding displaced the liver

cholesterol ester pattern and plasma HDL cholesterol levels in females, and

in parallel that of DNA synthesis, towards those of males. Choline was not

observed to have any effect in males. These results suggest that the

derangement of phosphatidylcholine metabolism induces growth-related

changes in cholesterol turnover; they are consistent with the proposal that

the intracellular content of cholesterol esters may have a role in regulating

liver growth rates.
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Introduction

The metabolism of phosphatidylcholine (PC), a major

component of membrane phospholipids (PL), is involved

in the regulation of liver cell proliferation. The cytidine

diphosphate (CDP)-choline pathway is required for cell
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division (Jackowski 1994), while the phosphatidyl-

ethanolamine methyltransferase (PEMT)-dependent bio-

synthetic pathway negatively regulates liver growth (Cui

et al. 1994; Sesca et al. 1996; Tessitore et al. 1997;

Tessitore et al. 1999a; b). On the other hand, the degra-

dation of PC provides various second messengers

potentially involved in the transduction of mitogenic

signals (Nakamura & Nishizuka 1994).

We have shown that lead-induced liver hyperplasia

as well as its regression by apoptosis occurs earlier

and is more pronounced in male than in female rats

(Tessitore et al. 1995). We have also found the female

proliferative pattern to be associated with a delay in

the activation of the CDP-choline pathway and in the

suppression of PEMT2 expression (Tessitore et al.

1997), as well as in the downregulation of a and b protein

kinase C (PKC) and activation of e PKC (Tessitore et al.

1994). Dietary choline supplementation shifts the female

pattern of DNA synthesis, cytidine triphosphate: phos-

phocholine cytidylyltransferase (CT) activation, PEMT2

inactivation and PKC isozyme modulation towards those

of males (Tessitore et al. 1994; Tessitore et al. 1997).

Liver hyperplasia induced by lead nitrate is character-

ized not only by changes in phospholipid metabolism but

also by increased liver cholesterol (CH) synthesis, CH

ester accumulation and low plasma levels of high density

lipoprotein (HDL) cholesterol (Dessi et al. 1989; Dessi

et al. 1994). These ®ndings raise the question of whether

a relationship between PL and CH metabolism during

proliferative processes may exist. Recently, Dessi et al.

(1997) showed that the intracellular levels of CH esters

are critical to progression through the cell cycle and are

probably related to changes in the plasma levels of HDL

CH. It has been suggested that a larger store of CH

esters within the cell would allow for a more rapid mobili-

zation and utilization of cholesterol for new membrane

biogenesis. It is well known that the cellular FC(free

cholesterol):PL molar ratio is an important aspect of

normal cell function, thus it may be supposed that the

biological response to mitogenic stimulus includes

concomitant changes in both PL and CH metabolism.

To address this question, this study investigates the

distribution of CH and PL in liver cells and in the plasma

of male and female rats fed or not with excess choline

during liver hyperplasia induced by lead nitrate.

Materials and methods

Animals

Six-week-old Wistar rats of both sexes (Charles River,

Como, Italy) were maintained on a regular light-dark

cycle (light 8.00±20.00 h) and fed a standard basal diet

(AIN-76, Piccioni, Brescia, Italy). Some groups of rats

received choline chloride (1 g/day per kg of body weight;

Sigma Chemical Co., St Louis, MO) in the drinking water

for 3 weeks before a single intravenous dose of lead

nitrate (30 mg/kg of body weight; Analyticals, Farmitalia

Carlo Erba S.p.a., Milano, Italy).

Blood was collected from the aorta and centrifuged

at 3500 g for 10 min at 48C to obtain platelet-poor plasma;

it was immediately aliquoted for storage at ÿ808C.

DNA speci®c radioactivity

Rats were injected intraperitoneally with 3H thymidine

(500 mCi/kg body weight; New England Nuclear, Boston,

MA) 1 h before being killed; livers were excised, weighed

and frozen at ÿ208C for determination of radioactivity

in DNA, as reported elsewhere (Tessitore et al. 1992a).

Analytic procedures

Hepatic-free and esteri®ed CH as well as triglycerides

(TG) and PL contents were determined after extraction of

total lipids by the method of Folch et al. (Folch et al.

1957). CH, lipid and protein plasma compositions were

estimated using commercially available kits (Boehringer,

Mannheim, Germany: protein assay ESL n81767±283

cat. 1998, PL n8691±844 cat. 1995, total lipids n8124±

303 cat. 1992, CH n81442341 cat. 1997, NEFA quick

n8450459E cat. 1995). Very low density lipoprotein

(VLDL) and low density lipoprotein (LDL) were isolated

by precipitation with a mixture of phosphotungstic acid

and magnesium ions. Serum lipoproteins were resolved

by HPLC as described by Okazaky et al. (Okazaki et al.

1980). Proteins in VLDL, LDL, HDL2 and HDL3 sub-

fractions were monitored by absorbance at 280 nm

and CH, TG and PL were assayed as above. All para-

meters were measured until day 8 after lead injection,

except in male rats receiving choline, because choline

does not affect lead nitrate induced liver hyperplasia

(Tessitore et al. 1995).

Statistical analysis

Statistical comparison of two means was done with the

Student's t-test (GraphPad InStat programme). Multiple

comparisons were computed using one-way analysis

of variance followed by the Bonferroni corrected t-test.

Results

In male rats, lead nitrate induced a transient increase

in the liver of incorporation of 3H thymidine in DNA with
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a peak 36 h after treatment, returning to near normal

values at 48 h (Figure 1). When female rats were treated

with lead nitrate, the peak of 3H thymidine incorpora-

tion in DNA was delayed to 48 h after lead administra-

tion and returned to a level close to that of normal

liver by 72 h after treatment. Excess dietary choline

shifted the proliferative pattern of female rat livers to

that of males, while it was without effect in males

(Figure 1).

Female rats had a higher baseline hepatic content of

total CH and PL than males (Table 1). Excess dietary

choline increased the total CH and PL content in males

and increased both TG and PL in females. Total CH

content progressively increased during the adaptive

growth of male rat livers, whereas it decreased in

female livers and after choline feeding. PL content in

males showed a growth-related pattern similar to that

of total CH, although to a lesser extent. TG content

decreased during mitogen-induced hyperplasia in all

the experimental groups; it returned to normal levels

at 48 h only in males (Table 1). Unlike the pattern of

the total CH content, esteri®ed CH in the liver increased

during growth in all groups except for females that

were not choline-treated, the accumulation being mini-

mum and delayed (Figure 2).

While continuous feeding of excess choline for 3

weeks decreased the plasma protein, it increased the

levels of CH, and particularly of TG, in rats of either sex

(Table 2); lead nitrate induced similar changes in the

plasma levels of rats of either sex, CH and TG increasing

while protein decreased. However, the plasma levels

of protein were slightly elevated after lead in rats receiv-

ing choline. After excess choline feeding, the high

basal plasma TG levels dropped to below time 0 values

during liver hyperplasia.

The distribution of plasma CH, lipids and proteins

between the very low density lipoproteins (VLDL) and

the HDL fractions is shown in Tables 3 and 4, respec-

tively. Although total plasma triglycerides (TG) were

similar, females had higher TG in VLDL � LDL and

lower TG in HDL. The hypertriglyceridemia induced

by choline was due to increased TG levels of

VLDL � LDL, while hypoproteinemia was only partially

ascribed to reduced protein content of HDL. All com-

ponents of VLDL � LDL were elevated during liver

hyperplasia in rats of all experimental groups, except

for a drop in TG in choline-fed animals; CH and TG

returned to normal values from day 2 (Table 3). In

contrast, the HDL fraction revealed a signi®cant drop in

the CH level at 36 h after lead administration in males

and choline-fed rats of either sex but not in choline-free

females (Table 4).

HPLC analysis of plasma lipoproteins revealed a

drop of HDL2, the main lipoprotein subfraction in rat

plasma, and an increase in the HDL3 subfraction at

36 h after lead administration in correspondence with

the peak of 3H thymidine incorporation into DNA, in

male but not in female rats (Figure 3). No signi®cant

changes in the HPLC pro®les of VLDL-LDL were observed.

Choline feeding displaced the female HPLC pattern of

plasma lipoprotein towards that of males (Figure 3).

Discussion

The results indicate that the different PL pattern in

male and female rats resulted in a different proliferative

response to lead nitrate accompanied by differences

in CH metabolism. The earlier and more marked liver

hyperplasia in males was associated with an earlier

and more marked accumulation of intracellular CH

Choline feeding and liver cholesterol metabolism
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Figure 1. Effect of lead nitrate on the time-course of 3H-
thymidine incorporation into DNA in rats of both sexes.

Vertical bars denote S.D.; n�4. (W) females (X) choline

females (A) males (B) choline-males. # #P< 0. 001 male vs. h
0 after lead nitrate administration *P<0.01 and **P< 0.001

female vs. male; §P<0.01 choline-female vs. female.
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Table 1. Cholesterol and lipid content during lead nitrate-induced liver hyperplasia

Days after Total Cholesterol Triglycerides Phospholipids

lead nitrate mg/g liver mg/g liver mg/g liver

Male rats 0 1.25 6 0.0 2.48 6 0.35 15.0 6 0.82

1 1.91 6 0.20*** 1.62 6 0 18.5 6 2.01

1.5 2.44 6 0.15***** 1.09 6 0.17*** 20.5 6 0.65****

2 2.59 6 0.16***** 2.77 6 0.41 20.2 6 3.91

Males� choline 0 2.45 6 0.33# # 1.93 6 0.12 37.4 6 3.20# # # # #

1 1.03 6 0.07****# # # # 0.65 6 0.11**** 12.7 6 1.04*****# #

1.5 1.67 6 0.38 1.35 6 0.40# # # 12.8 6 2.06*****

2 1.55 6 0.06**# # # # # 0.97 6 0.01*****# # # # 23.0 6 4.70**

Female rats 0 2.02 6 0.09# # # # 1.98 6 0.18 21.2 6 4.90

1 1.76 6 0.22 1.20 6 0.03**** 17.6 6 3.70
1.5 1.24 6 0.35*# # # 1.18 6 0.19** 20.0 6 1.90

2 1.19 6 0.07*****# # # # # 0.49 6 0.13*****# # # # 10.3 6 1.30*#

Females� choline 0 2.44 6 0.40# 3.40 6 0.74 40.2 6 2.22§§

1 1.57 6 0.07*# # # # 1.31 6 0.12**# 18.3 6 1.54*****# #
1.5 1.27 6 0.12**# # # # # 1.76 6 0.17*# #§ 14.1 6 3.84****

2 1.15 6 0.04***# # # # # 0.86 6 0.17***# # # # 16.0 6 0.97*****§§

data are means 6 SEM; n� 4; * P <0.05, ** P < 0.025, *** P< 0.01, **** P < 0.005 and ***** P <0.0005 vs. 0 day; # P< 0.05, # # P< 0.025,

# # # P < 0.01, # # # # P < 0.005 and # # # # # P <0.0005 vs. males; § P < 0.05 and §§ P< 0.01 vs. females.

Table 2. Cholesterol, triglyceride and protein content in the plasma during lead nitrate-induced liver hyperplasia

Days after Total Cholesterol
lead nitrate mg/dL Triglyceride mg/dL Protein mg/dL

Male rats 0 58.84 6 4.65 85.37 6 9.74 80.82 6 0.59
1.5 56.71 6 6.52 79.54 6 12.20 48.33 6 2.61*****

2 88.47 6 0.18***** 120.65 6 12.91* 52.12 6 0.11*****

3 80.04 6 5.77** 126.46 6 4.070 57.39 6 1.92*****

4 71.39 6 2.85 129.71 6 13.17* 55.91 6 0.05*****

7 68.99 6 4.93 134.27 6 5.71**** 59.72 6 0.08*****

8 82.71 6 5.34*** 177.46 6 11.78***** 59.41 6 0.17*****

Males� choline 0 68.86 6 0.01# # 158.46 6 2.66# # # 43.28 6 0.11# # #
1.5 101.44 6 0.34***** 124.83 6 4.42***** 60.12 6 0.23*****

2 110.52 6 1.15***** 110.38 6 5.15 51.25 6 0.31# # #

3 95.35 6 0.28***** 118.25 6 2.38***** 58.63 6 1.22

Female rats 0 65.93 6 7.92 99.81 6 7.24 86.14 6 1.69# #

1.5 75.39 6 3.31# 85.31 6 12.89 57.17 6 3.32*****

2 85.93 6 6.39* 159.60 6 3.16***** 61.24 6 1.60*****

3 95.73 6 11.89* 101.84 6 6.08 68.15 6 6.60**

4 76.07 6 9.43 102.35 6 10.75 59.48 6 1.84*****

7 95.70 6 8.62*# 146.90 6 7.20**** 68.59 6 0.23*****

8 96.31 6 8.35** 162.26 6 4.18***** 66.80 6 0.17*****

Females� choline 0 86.63 6 2.81§ 164.80 6 6.06§ 58.91 6 1.82§

1.5 86.60 6 3.71 102.41 6 2.37***** 66.57 6 3.84

2 111.49 6 11.41* 116.89 6 6.04**** 46.93 6 0.12*****

3 92.95 6 9.99 135.53 6 4.44**** 48.94 6 3.62*

4 93.03 6 6.41 135.43 6 10.66**** 53.66 6 0.10

7 91.28 6 0.26 133.57 6 8.22* 57.78 6 0.23

8 95.01 6 0.45 137.14 6 8.38* 47.01 6 0.03*****

data are means 6 SEM; n� 4; § P< 0.0005 vs. females; # P < 0.05 and # # P < 0.025 vs. males; * P < 0.05, ** P < 0.025, *** P< 0.01, **** P< 0005 and

***** P < 0.0005 vs. 0 day.



esters and lower HDL CH levels. Increased dietary

choline in females shifted both the proliferative response

and cholesterol metabolism changes towards those of

their male counterparts.

The content of CH, TG and PL in the liver as well as

that of CH, TG and protein in the plasma was not

correlated with the different growth responses to lead

nitrate in male and female rats, nor in animals of either

sex fed with excess choline, suggesting that these

parameters are not necessarily implied in the regulation

of the rate of cell proliferation.

It has been reported that an increase in the activity of

CT, the key enzyme of the CDP-choline pathway, is

essential for cell division (Jackowski 1994; Sesca et al.

1996; Tessitore et al. 1997), while an increase of PEMT,

the enzyme catalysing the conversion of phosphatidyl-

ethanolamine (PE) into PC, has the opposite effect

(Cui et al. 1994; Cui et al. 1995; Sesca et al. 1996;

Tessitore et al. 1997; Tessitore et al. 1999a; b). Similar

results have also been obtained during liver hyperplasia

induced by lead nitrate, where a transient PEMT

inactivation associated with an enhanced CT activity

was found to coincide with the peak in DNA synthesis

in male and female rats (Tessitore et al. 1997), suggest-

ing a possible involvement of PC metabolism during cell

proliferation.

Modulation of CH metabolism, mainly consisting of

an increase of CH synthesis, high expression/activity of

3-hydroxy-3-methylglutaryl CoA (HMG-CoA) reductase

and an increase in the number of LDL receptors per cell,

has consistently been observed when cell proliferation

is triggered by a mitogenic stimulus (Witte et al. 1982;

Siperstein 1984; Brown & Goldstein 1986; DessõÁ et al.

1997). In addition, in a variety of human tumours and

in various experimental models of cell proliferation

including liver hyperplasia induced by lead nitrate, a

decrease in plasma HDL CH associated with intracellular

accumulation of CH esters has consistently been found

(Dessi et al. 1984; Dessi et al. 1989; Dessi et al. 1991;

DessõÁ et al. 1992a; Dessi et al. 1992b; Dessi et al. 1994;

Dessi et al. 1995).

We recently found that cell growth rate correlates

with the ability of cells to esterify cholesterol in different

lymphoblastoid cell lines (Dessi et al. 1997; Batetta et al.

1999); the absolute levels of cholesterol synthesis

and uptake did not appear to be directly correlated with

the difference in growth rate. On the basis of these

results we hypothesized that a larger store of cholesterol

esters within the cell would allow for a more rapid

mobilization and utilization of cholesterol for new

membrane biogenesis and that cholesterol esteri®cation

may have a role in the regulation of cell growth and

division.

In this study, we have demonstrated that, in liver

hyperplasia induced by lead nitrate, derangement of

PC metabolism may affect cholesterol turnover and

may be associated with changes in cell growth rates.

Since the cellular FC:PL molar ratio is an important

aspect of normal cell function, overall our results

suggest that, in order to ensure an appropriate FC:PL

ratio the biological response to mitogenic stimulus

might include concomitant changes in both PL and CH

metabolism.
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Figure 2. Effect of lead nitrate on the content of liver esteri®ed

CH in rats of both sexes. Vertical bars denote S.D.; n�4.

(W) females (X) choline females (A) males (B) choline-males.

#P<0. 01 and # #P<0. 001 male vs. h 0 after lead nitrate
administration *P< 0.01 and **P<0.001 female vs. male;

§P<0.01 and § §P<0.001 choline-female vs. female.
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Table 3. Cholesterol, lipid and protein composition of VIDL-IDL lipoproteins during lead nitrate-induced liver hyperplasia

Days after Total Cholesterol
lead nitrate mg/dl Triglyceride mg/dl Phospholipid mg/dl Protein mg/dl

Male rats 0 22.04 6 2.32 22.86 6 1.21 51.81 6 1.41 6.03 6 0.23
1.5 29.83 6 4.02 32.92 6 7.68* 76.49 6 6.40**** 6.14 6 0.37
2 24.25 6 4.67 61.27 6 8.45***** 82.30 6 2.74***** 9.86 6 0.92****
3 16.27 6 1.49** 65.51 6 4.01***** 62.48 6 7.06* 7.65 6 0.51***
4 16.00 6 1.51** 81.89 6 18.84***** 56.93 6 7.29 8.09 6 0.29*****
7 17.25 6 2.39* 71.57 6 7.58***** 48.68 6 15.02 0.17 6 0.38*****
8 18.49 6 1.23* 97.46 6 25.23*** 44.88 6 5.53 8.58 6 1.30**

Males� choline 0 20.99 6 2.16 76.53 6 3.19# # # # # 44.56 6 0.49 7.21 6 2.36
1.5 66.73 6 5.32***** 62.36 6 4.69** 85.76 6 6.30***** 9.53 6 0.42
2 31.24 6 3.14*** 67.48 6 3.82* 87.25 6 5.30***** 8.35 6 0.25
3 25.31 6 2.15* 72.15 6 2.45 79.58 6 6.15***** 8.92 6 1.12

Female rats 0 19.21 6 2.71 44.14 6 7.44# 50.12 6 0.74 6.91 6 0.53
1.5 28.85 6 3.09* 33.20 6 7.28 63.86 6 7.13** 6.48 6 0.31
2 18.04 6 4.68 86.01 6 11.98* 47.20 6 1.600*# # # # # 7.36 6 1.55#
3 13.51 6 0.74** 52.63 6 17.55 52.44 6 6.12 8.34 6 0.56*
4 15.04 6 1.92* 52.44 6 6.30 46.70 6 0.87 7.06 6 0.30
7 17.28 6 1.13 77.90 6 9.20* 80.20 6 5.43*****# # 8.06 6 0.78*
8 20.93 6 4.82 44.65 6 7.15# # 67.07 6 5.09****# # # 6.77 6 0.86#

Females� choline 0 20.58 6 1.25 68.59 6 10.26 46.02 6 10.90 7.31 6 0.73
1.5 45.00 6 4.11*****# # # # 42.42 6 2.45*# # # # 58.91 6 7.44 9.46 6 1.00*§
2 29.14 6 4.99* 57.38 6 2.49# # 38.51 6 5.07 7.59 6 0.61
3 24.43 6 3.69 50.92 6 10.32*# # 29.54 6 2.07* 8.74 6 0.87
4 17.25 6 1.66* 74.02 6 3.33 36.73 6 3.40 6.27 6 0.57
7 20.23 6 0.12 69.64 6 7.57 44.93 6 1.21 8.17 6 0.39
8 21.44 6 1.23 71.82 6 15.15 58.41 6 1.98 6.47 6 0.89

data are means 6 SEM; n� 4; * P < 0.05 ** P < 0.005 *** P < 0.001 **** P< 0.0005 and *****P< 0.0001 vs. 0 day; P < 0.05, # # P < 0.005 # # # P< 0.001

# # # # P< 0.0005 # # # # # P< 0.0001 vs. males; § P< 0.025 vs. females.

Table 4. Cholesterol, lipid and protein composition of HDL lipoproteins during lead nitrate-induced liver hyperplasia

Days after Total Cholesterol
lead nitrate mg/dl Triglyceride mg/dl Phospholipid mg/dl Protein mg/dl

Male rats 0 43.14 6 1.43 21.42 6 2.65 80.70 6 5.23 50.10 6 3.01
1.5 24.12 6 2.29***** 16.32 6 0.88 73.19 6 4.79 34.42 6 3.20***
2 51.89 6 2.50 23.73 6 3.69 102.92 6 5.91** 38.37 6 2.08***
3 61.77 6 1.49 19.93 6 0.37 121.71 6 3.21***** 46.48 6 1.84
4 46.10 6 1.84 18.31 6 1.08 98.63 6 1.58 45.51 6 0.47
7 45.37 6 4.05 18.48 6 0.49 95.25 6 4.21 43.29 6 0.68
8 45.15 6 1.34 25.24 6 2.39 104.87 6 3.92*** 41.31 6 1.66

Males� choline 0 39.78 6 0.55 24.75 6 0.10 92.39 6 0.25 42.87 6 0.80#
1.5 21.42 6 1.28***** 28.46 6 0.94 70.07 6 3.78**** 43.86 6 2.27
2 48.35 6 1.20 24.52 6 0.25 105.20 6 1.35***** 2.25 6 1.50
3 60.81 6 1.35***** 23.90 6 0.48 122.45 6 0.28***** 40.38 6 1.75

Female rats 0 41.28 6 2.23 14.75 6 0.85 101.75 6 10.85 50.05 6 0.47
1.5 38.51 6 1.74 20.80 6 3.58 82.16 6 4.92 32.41 6 4.48
2 52.10 6 1.96 20.97 6 2.81* 105.78 6 7.87 28.89 6 6.94**
3 61.96 6 4.24*** 22.66 6 1.31**** 119.55 6 4.28 37.88 6 2.13
4 56.77 6 3.03 18.22 6 2.65 119.81 6 17.11 39.40 6 4.52
7 64.10 6 3.68****# # 36.19 6 2.27*****# # # 139.47 6 9.50** 40.67 6 2.75
8 62.03 6 1.99*****# # # 41.15 6 6.96***# 144.24 6 7.89*** 45.94 6 3.29

Females� choline 0 40.40 6 2.13 23.99 6 0.31 93.69 6 3.78 36.60 6 2.90§
1.5 14.74 6 1.12***** 15.79 6 1.10***** 53.60 6 3.43*****# # 37.72 6 3.19
2 58.96 6 8.40 22.77 6 2.45 119.45 6 16.54 39.90 6 1.86
3 60.93 6 4.56 22.57 6 2.32 120.72 6 11.37** 38.54 6 2.56
4 61.90 6 3.64 25.38 6 3.58 124.75 6 7.09**** 42.14 6 1.97
7 60.50 6 3.18 25.53 6 2.18 121.83 6 4.50** 41.79 6 5.61
8 58.85 6 6.47 23.86 6 4.13 134.50 6 6.62** 46.66 6 1.23

data are means 6 SEM; n�4; * P < 0.05, ** P <0.025, *** P < 0.01 and **** P < 0.005, ***** P <0.0005 vs. 0 day; # P < 0.05, # # P < 0.01 and

# # # P < 0.0005 vs. males; § P < 0.005 vs. females.
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Figure 3. Elution pattern (min) by HPLC of serum lipoprotein.

Peaks: 1, VLDL; 2, LDL; 3, HDL2; 4, HDL3; 5, other serum
proteins. a, b, male and female patterns at the beginning of

lead nitrate administration, respectively; c, d, male and

female patterns 36 h after lead nitrate administration;

e, f, choline-male and choline-female patterns 36 h after lead
nitrate administration.
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