
Bull. Environ. Contam. Toxicol. (1986) 36:356-363 
�9 1986 Springer-Verlag New York Inc. 

E n v i r o n m e n t a l  
~ C o n t a m i n a t i o n  
| a n d  Tox ico logy  

Lactose and Milk Replacer Influence on Lead Absorption 
and Lead Toxicity in Calves 

Jan Zmudzki, 1. Gerald R. Bratton, 1.* Carolyn W. Womac, 1Loyd D. Rowe, Jr., 2 
and Bob Wagner 1 

1Department of Veterinary Anatomy, College of Veterinary Medicine, Texas A&M 
University, College Station, TX 77843 and 2Veterinary Toxicology and 
Entomology Research Laboratory, U.S. Department of Agriculture, Post Office 
Drawer GE, College Station, TX 77843 

The absorption, tissue deposition, retention, and excretion of 
ingested lead is in large part due to associated dietary factors. 
Young suckling calves are extremely susceptible to low doses of 
lead, especially when maintained total ly  on milk (Bratton et al. 
1981; Zmudzki et al. 1983, 1984). Unfortunately, the complexity of 
milk makes i t  d i f f i cu l t  to determine which constituent is actually 
responsible for increased Pb absorption. 

Milk i tse l f  has been reported to increase intestinal Pb absorption 
in young and mature rats (Kello and Kostial 1973; Kostial et al. 
1978). In contrast, others have reported that milk has no effect 
on Pb absorption in mice (Garber and Wei 1974), and retards rather 
than increases the intestinal uptake of Pb in rats (Henning and 
Leeper 1984). Recent studies have shown that lactose, the major 
carbohydrate of milk, is a dietary factor that increases the 
absorption of several minerals including Pb (Bell and Spickett 
1981; Bushnell and DeLuca 1981, 1983) in rats. Our laboratory has 
recently demonstrated that milk greatly increased the tissue depo- 
sit ion of lead in calves (Zmudzki et al. 1984). Since all dietary 
vitamins and minerals were adjusted to recommended levels in all 
treatment groups, the influence of minerals and vitamins was elimi- 
nated from concern. Lactose, however, has not been considered in 
the ruminant animal. Moreover, liquid milk seems to increase the 
absorption of lead more signif icantly than powdered milk (Kello 
and Kostial 1973). The purpose of this study was to assess the 
influence of lactose and powdered milk on lead uptake and tissue 
distribution in calves. 

MATERIALS AND METHODS 

Fifteen 1-2 week old Holstein-Friesian bull calves weighing 
approximately 50 kg were used in this study. The calves were 
individually housed in concrete-floored wire pens and i n i t i a l l y  fed 
three times daily with a commercial milk replacer diet. Following a 
7-day acclimatization period, 12 calves were gradually 
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transferred, over a lO-day period, from the milk replacer diet to 
a diet consisting of grain calf starter and shredded coastal Ber- 
muda grass hay. The hay was added to the ration at 10% by weight. 
Three calves were continued unaltered on the l iquid milk replacer 
d iet .  Dietary factors in the milk replacer and grain-hay diets 
used in this experiment were previously published (Zmudzki et al. 
1984). Lead levels in these diets were below 0.1 mg Pb/kg dry 
diet .  

After the calves on grain-hay diets had adjusted (14 days), the 
calves were divided into 5 d i f ferent  dietary groups consisting of 
3 calves per group. Group I calves were fed a grain-hay d ie t ,  
Group I I  calves were fed a grain-hay diet containing 10% powdered 
lactose; Group I I I  calves were fed a grain-hay diet containing 40% 
powdered lactose; Group IV calves were fed a grain-hay diet con- 
taining 40% powdered milk replacer; and Group V calves were contin- 
ued on a total l iquid milk replacer diet via nursing bott le.  All 
calves were dosed with 5 mg Pb/kg b.w./day using lead acetate 
(Pb[CgH302]o.3HoO - Fisher Sc ient i f ic  Company, Houston, 
TX) f~r 7 d~ys.:The Pb was dissolved in I00 ml of water and given 
via nursing bott le approximately 2 hours after the morning feed- 
ing. Data regarding non-Pb-dosed controls have previously been 
published (Zmudzki et al. 1983). 

Heparinized blood samples (20 ml) were drawn from the external jugu- 
lar vein of all calves 3 days prior to dosing with Pb in order to 
establish baseline values for BPb, erythrocytes 6-aminolevulinic 
acid dehydratase (ALAD) a c t i v i t y ,  hemoglobin, packed cell volume, 
total erythrocytes, total leukocytes and serum iron, zinc, copper, 
magnesium, calcium, and phosphorus. Blood samples were collected i ,  
3, 6, 12, and 24 hours after the f i r s t  dose of lead and then 24 
hours following the second, fourth, and seventh doses of Pb. Physi- 
cal examinations were performed and recorded at all dai ly feedings. 

All surviving calves were k i l led via an IV inject ion of pentobarbi- 
tol (Nembutal Sodium, Abbott Laboratories, North Chicago, IL) on 
the eighth day of the experiment. The calves were exsanguinated 
and kidneys, l iver  ( le f t  lobe), spleen, pancreas, biceps femoris 
muscle, heart (vent r ic le) ,  cerebellum, cerebrum, sc iat ic  nerve, 
spinal cord (thoracic port ion), lung ( le f t  caudal lobe), bone 
( le f t  femoral head and le f t  4th r i b ) ,  urine (50 ml), and bi le were 
collected for Pb analysis. Similar samples were collected within 
8-12 hours after death from all calves that died during the study. 

Analysis of dietary Pb, blood Pb, tissue Pb, hematological parame- 
ters,  and serum minerals followed methods previously described 
(Bratton et al. 1981). The data were analyzed by a paired t - tes t  and 
by two-way analysis of variance with Duncan's multiple range test 
used to determine signif icance of differences between means of the 
di f ferent groups of animals. 

RESULTS AND DISCUSSION 

After 7 doses of Pb, all calves on the l iquid milk diet showed 
signs of Pb intoxicat ion and one died on the seventh day of study. 
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No calves from the other groups showed any neurological  or 
gas t ro i n tes t i na l  signs of Pb poisoning. 

Blood lead data are shown in Table 1. The peak BPb, fo l low ing  the 
i n i t i a l  Pb exposure, occurred in a l l  calves regardless of d ie t  at 
approximately 6 hours. The peak blood Pb was s i g n i f i c a n t l y  e le-  
vated (P<O.O01) at 6 hours in the calves fed l i q u i d  milk compared 
to a l l  other animals. By 7 days, blood Pb was s i g n i f i c a n t l y  higher 
(P<O.05) in a l l  groups rece iv ing milk or lactose compared to the 
calves fed only grain and hay. The g rea t l y  elevated blood Pb in 
the l i q u i d  mi lk - fed calves ind icates a greater absorption of Pb in 
these calves and expla ins why c l i n i c a l  signs were observed only in 
these animals. 

Table 1. Blood lead concentrat ion in calves treated with 5 mg 
Pb/kg b.w./day for 7 days expressed as pg /d l ,  x SD 
(n = 3 in each group) 

Grain-hay Grain-hay Grain-hay L iquid 
Grain-hay + 10% + 40% + 40% milk milk rep l .  

Time only lactose lactose rep l .  only 

Pretreatment 2 + I 2+0 2+0 2 -+ 1 2 + I 
i hour 8- + 4 3+0 4-+0 12 +- 8 7 -+ 4 
3 hours 22+-22 8+-3 16+-7 15-+17 34+-22 
6 hours 40-+21 15-+4 21-+9 26-+10 111+-60 

12 hours 30+-12 18-+6 22+-9 23-+ 4 65+17 
24 hours 21-+10 15+-2 17-+3 21+- 5 48-+ 7 

2 days 27 + 8 24-+3 27-+2 30+- 5 67 +- 2 
4 days 26-+ 5 34-+2 39-+5 43-+ 5 86+- 6 
7 days 32-+ 7 44+-4 45-+5 52+-12 104-+25 

I t  is i n te res t i ng  to note that  in a l l  groups rece iv ing grain and 
lactose or powdered mi lk ,  there was a uniform da i l y  increase in 
BPb of approximately 5 pg /d l .  This increment was doubled (10 
pg/d l )  in calves rece iv ing l i q u i d  mi lk ,  whi le the calves fed 
grain and hay seemed to hold at approximately 1 pg increase/day. 

Af ter  7 days of exposure to Pb, BPb was s i g n i f i c a n t l y  increased (P 
< 0.01) in every ca l f  when compared to pre-exposure leve ls .  How- 
ever, BPb was s i g n i f i c a n t l y  less (P < 0.05) elevated in calves 
rece iv ing only grain-hay than in calves rece iv ing lactose or milk 
replacer wi th or wi thout  gra in-hay.  This suggests that  milk and 
lactose both increase the absorption and blood concentrat ions of 
Pb. Since BP was almost i den t i ca l  in calves rece iv ing 10% and 40% 
lactose or 40% milk rep lacer ,  we concluded that lactose does in -  
crease Pb absorption in ruminants and is the major factor  in milk 
responsib le for increased Pb absorpt ion.  The marked e levat ion in 
BPb in calves rece iv ing l i q u i d  milk also indicates that l i q u i d  
milk increases Pb absorption to a h igh ly  s i g n i f i c a n t  degree as 
shown prev ious ly  in the preruminant ca l f .  I t  is c r i t i c a l  now to 
fu r the r  inves t iga te  the e f fec t  l i q u i d  milk would have in calves 
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rece iv ing  grain and hay and in ca t t l e  with f u l l y  developed fore-  
stomachs. 

These data in calves are s im i la r  to the f ind ings  of Kel lo  and 
Kost ia l  (1973), Bushnell and DeLuca (1981, 1983), and Bell and 
Spicket t  (1981) who indicated that milk and lactose increase Pb 
absorption and t issue deposi t ion in ra ts .  They are d i f f e r e n t  from 
the studies of Garber and Wei (1974) and Henning and Leeper (1984) 
who indicated that milk e i ther  did not a f fect  Pb absorption or 
ac tua l l y  decreased Pb absorpt ion. In these l a t t e r  two papers, no 
considerat ion was given to the so l i d  components of the d ie t  which 
may in fact  have overshadowed the e f fec ts  of lactose or mi lk .  

Lead ef fects  on ALAD a c t i v i t y  in erythrocytes are shown in Table 
2. By 6 hours, ALAD a c t i v i t y  had dropped to approximately 20% of 
pretreatment levels  in a l l  calves regardless of d i e t .  A fu r the r  
decrease to approximately 10% of pretreatment leve ls  had occurred 
by 7 days of lead exposure. There was no d ie ta ry  in f luence on Pb 
in regard to i t s  e f fec t  on ALAD. This i l l u s t r a t e s  the high sens i -  
t i v i t y  of ALAD to Pb and the i n a b i l i t y  of ALAD i n h i b i t i o n  to mea- 
sure the exposure levels  of Pb in c a t t l e .  

ALAD i n h i b i t i o n  levels  were almost exact ly  the same in a l l  
animals a f ter  7 days of Pb exposure, but blood Pb and t i ssue  
leve ls  were remarkably d i f f e r e n t .  We conclude that  ALAD is 
remarkably sens i t i ve  to Pb and the e f fec t  on i n h i b i t i o n  was 
maximal even in calves rece iv ing grain and hay that had only a 32 
~g/dl BPb l eve l .  ALAD does not ind ica te  the current  BPb level  in 
the ca l f  as has been suggested for the rat  (Bel l  and Spicket t  
1981). ALAD is also not a good ind ica to r  of body Pb burden, but i t  
does show a d i s t i n c t  metabolic in f luence of Pb. 

Together wi th blood Pb, ALAD has great d iagnost ic  po tent ia l  in 
ve te r ina ry  d iagnost ic  labora tor ies  charged wi th laboratory  c o n f i r -  
mation of Pb poisoning in c a t t l e .  For example, 32 Ng/dl of Pb in 
the blood of calves on grain and hay is in the quest ionable range 
for c lear  diagnosis of lead poisoning when BPb is the sole parame- 
ter  evaluated from calves showing c l i n i c a l  signs of poisoning. 
Simultaneous measurement of ALAD a c t i v i t y  would c l ea r l y  resolve 
th i s  quest ionable blood level in to  a pos i t i ve  diagnosis of Pb 
poisoning because of the profound e f fec t  Pb has on ALAD a c t i v i t y .  

Al l  calves from the groups which had grain and hay in the d ie t  
accumulated s i g n i f i c a n t l y  (P<O.OI) less Pb in t issues than did the 
calves on l i q u i d  milk replacer (Table 3). However, calves fed 40% 
lactose or 40% mi lk replacer accumulated 2 times more Pb in the 
t issues than calves on grain-hay or gra in-hay plus 10% lactose.  
For a l l  t i ssues ,  there was a trend for increased t i ssue accumula- 
t ions of Pb as the d ie t  contained increasing leve ls  of mi lk or 
lactose.  The almost equal levels of t i ssue Pb accumulation between 
calves rece iv ing  grain and hay plus 40% lactose or 40% mi lk 
replacer would again suggest that  lactose is the main component of 
mi lk that  increases the t issue accumulation of Pb in calves. 

Our research, l i ke  that  of Kel lo and Kost ia l  (1973), ind icates that 
mi lk causes a s t r i k i n g  increase in Pb t i ssue d i s t r i b u t i o n  
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presumably due to g rea t l y  increased absorpt ion.  We also observed 
that  l i q u i d  mi lk seems to increase the absorption of Pb much more 
than powdered milk as has been described in the rat  (Kel lo  and 
Kost ia l  1973), but we did not have a group of calves fed grain-hay 
with l i q u i d  mi lk .  

Mi lk  in rats fed soy meal increased Pb in k idney,  l i v e r ,  and brain 
(Be l l ,  Sp icke t t  1981). We also found a marked increase in lead in 
these t issues in calves rece iv ing  only mi lk ,  but only the brain 
leve ls  of Pb were s i g n i f i c a n t l y  elevated in calves rece iv ing gra in-  
hay and milk or lactose.  The l i v e r  and kidney levels of lead were 
not s i g n i f i c a n t l y  af fected.  

Physio logical  levels  of lactose in rats (80 mM) exerted a 
p ro tec t i ve  e f fec t  against the absorption of ingested Pb (Bushnell 
and DeLuca, 1983). Lactose in the levels  present in cow's milk did 
not protect calves from absorption of Pb and in fact  elevated the 
absorption s i g n i f i c a n t l y  over a d ie t  of gra in-hay (Zmudzki et a l .  
1985). Tissue levels in these calves were also markedly elevated, 
but re ten t ion  levels  over time were not evaluated. 

I t  is i n t e res t i ng  to note that  as the levels  of lactose or milk 
increased in the d i e t ,  the excret ion levels  of Pb in the b i l e  
increased; yet the l i v e r  Pb levels  were not d i f f e r e n t .  The va r ia -  
b i l i t y  was high, but the trends were d e f i n i t e l y  present. On the 
other hand, mi lk and lactose did not af fect  ur ine Pb leve ls .  

The re l a t i onsh ip  of lead in the kidney and l i v e r  was g rea t l y  
changed in the calves rece iv ing only mi lk .  The l i v e r  lead levels 
were a l l  elevated approximately 2 times above kidney Pb leve ls  in 
calves rece iv ing grain and hay, whi le in calves rece iv ing l i q u i d  
mi lk only ,  the Pb in kidney was 3 times greater than the l i v e r  Pb 
concentrat ion.  

The Pb levels  in Done increased with increasing levels  of Pb in 
the blood and wi th increasing levels of lactose or mi lk in the 
d i e t .  This is in contrast  to studies in the rat  where lac tose 
reduced the levels  of Pb in bone (Bushnell and DeLuca 1981). 

While th i s  study was not designed to evaluate the rate of Pb 
absorpt ion,  the marked e levat ion in blood Pb in calves rece iv ing  
lactose or milk would ind ica te  that mi lk and lactose do increase 
the absorption of Pb. 

Fast ing was not a part of the study. Diarrhea and changes in body 
weight were not seen as reported in the rat  given lactose (Bushnell 
and DeLuca 1983), and these factors  can be e l iminated.  Whether the 
narrow window ef fec t  of lactose on Pb absorption seen in rats 
(Bushnell and DeLuca, 1983) occurs in ca t t l e  needs to be def ined. 

Lengemann et a l .  (1959) ind icated that in order for  lactose to 
increase calcium absorption i t  had to be present in the same 
i n t e s t i n a l  segment at the same time. Bell and Spicket t  (1981) 
showed that in order for  lactose to increase leve ls  of Pb in 
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t i ssue,  milk and Pb had to be consumed at the same time. This 
study d e f i n i t e l y  shows that in calves, Pb and milk do not have to 
be fed at the same time, as the Pb was given 2 hours fo l lowing the 
i s t  feeding period. However, i t  may well be that in the calf  these 
two substances were in the same gut segment co inc identa l ly  even 
though the substances were not ingested together. 

While these studies show that milk and lactose affect the 
absorption and t issue d i s t r i bu t i on  of Pb, there are s t i l l  a number 
of unanswered questions. Diet ,  however, plays a c r i t i c a l  role in 
lead absorption states and must be very care fu l ly  evaluated in 
cases of Pb poisoning in both man and animals. 
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