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Pehrson, B., J. Hukarainen and L. Blomgren: Vitamin E status in newborn
lambs witb special reference to tbe effect of dl-a-tocopberyl acetate supplementa
tion in late gestation. Acta vet. scand. 1990, 31, 359·367. - Pregnant ewes were
supplemented with dl-n -tocopheryl acetate, either as a single intramuscular dose
(500 mg two weeks before lambing) or perorally (150 mg daily during 3-4 weeks be
fore lambing). Ewes without such a supplementation were controls.
The vitamin E supplemented ewes had nearly twice as high vitamin E (a-tocophe
rol) concentrations as the unsupplemented control ewes at lamb ing both in serum
and in colostrum. The vitamin E concentration in colostrum was 5-11 higher than
in milk I week after lambing.
Both supplementations somewhat increased the vitamin E serum concentration of
the newborn lambs, but the increase was negligible in comparison with the effect
produced by the consumption of colostrum. All lambs had very low serum con
centrations at birth. The lambs from the supplemented ewes had significantly
higher serum values than the control lambs 24 h after birth .
The ewes had somewhat higher selenium status at birth than their offsprings when
evaluated by glutathione peroxidase (GSH-Px) in the erythrocytes.
It seems reasonable that nutritional muscular degeneration may arise in newborn
lambs with a normal selenium status if their vitamin E status is critical , either be
cause of an inadequate consumption of colostrum or because of a vitamin E defi
cient diet during pregnancy with a low vitamin concentration of colostrum as a
consequense.

nutr itional muscular degenerat ion; feed supplementation; a-tocophe
rol; placental barrier; selenium ; sheep diseases; colostrum.

Introduction
It is well known that nutritional muscular
dystrophy (NMD) can occur in selenium (Se)
and vitamin E deficient animals and that
these nutrients act synergistically in the pre

vention of NMD. There is evidence, how
ever. that Se and vitamin E each have a diffe

rent effect in ruminants. Welch et 01. (1960),
Paulson et 01. (1966) and Whanger et 01.

• The investigation was supported by the Swedish
Council for Forestry and Agricultural Research.

(1977) found that vitamin E had a better
prophylactic or therapeutic effect against
NMD in lambs than Se, and Steele et 01.
(1980) and Moos et 01. (1984) showed that
NMD can occur in vitamin E deficient lambs

with a normal Se status. In contrast, Muth et
01. (1959) found that Se had a better prophy

lacticeffect than vitamin E.
Se has been shown to cross the placental bar
rier readily in mice (Jacobsson & Hansson
1965), dogs (Wright et 01. 1951), cattle
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(Weiss et 01. 1984)and sheep (Wright & Bell
1964,Jacobsson & Oksanen 1966). Byensu
ring that pregnant animals have adequate
amounts of Se in their diet, Se deficiency in
their offspring can be prevented . In con
trast, vitamin E crosses the placental barrier
much less readily, as is indicated by the fact
that newborn animals have much lower se
rum a-tocopherol levels than their dams
(Scott 1978). In most investigations the vita
min E analyses have been performed after
the newborn animals have suckled, but Bou
do et 01. (1980) reported that before the inta
ke of colostrum, the plasma concentration
of vitamin E in calves was only one fifth of
that of their dams. There appears to be no
report of the vitamin E status of lambs befo
re the intake of colostrum, but experiments
of Hidiroglou et 01. (1972) indicate that the
transfer of vitamin E across the placenta of
sheep is very limited. The vitamin E content
of colostrum is higher than that of ordinary
milk in women (Jansson 1981), sows (Niel
sen et al. 1979),cows (Bouda et 01. 1980) and
ewes (Whiting et 01. 1949).
The principal aim of this investigation was
to measure the vitamin E concentration in
the serum of lambs before they had suckled.
A secondary aim was to investigate whether
a large dose of vitamin E to the ewe during
late pregnancy could increase the serum con
centration of the vitamin in the newborn
lambs. Itwas also possible to compare the Se
status of ewes at parturition with that of
their newborn lambs before suckling.

Materials and methods
The experiments were carried out on one
farm with about 160ewes of the Swedish na
tive breed during the stable seasons of 1986
(Trial A) and 1987 (Trial B). The health of
the herd was excellent and NMD had not oc
curred for many years. In both seasons most
lambs were born in the middle of April. Du-
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ring the last few weeks of pregnancy all ewes
were fed hay ad lib, 1 kg of grain, 0.1 kg of a
commercial protein feed and minerals ad lib.
The protein and mineral feeds contained se
lenium (1.0 and 10.0 mg/kg, respectively as
sodium selenite) and dl-n-tocopheryl acetate
(25 and 350 mg/kg, respectively). After
lambing, concentrates were fed according to
the number of lambs per ewe (about 0.6 kg
of grain and 0.1 kg of protein feed per
lamb) .
When the lambs were earmarked at an age of
3-4 days, 25 mg of water-soluble dl-n-tocop
heryl acetate and 600 ug of Se were given
orally.
The Se status was evaluated by the determi
nation of the acitivity of the enzyme gluta
thione peroxidase (GSH-Px) in erythrocytes,
by the method of Paglia & Valentine (1967).
Se in colostrum and milk was determined ac
cord ing to Olson (1969).
Vitamin E concentrations (a-tocopherol) in
blood serum and milk were determined by
high performance liquid chromatography
(Pehrson & Hakkarainen 1986, Hakkarai
nen & Pehrson 1987).
Total lipids in serum were analysed by the
method of Epstein et 01. (1972).
Creatine kinase (CK) activity in serum was
analysed by a kit reagent (Boehringer Mann
heim).

Trial A. (Parenteral administration of vita
minE)
On April 2, 1986 blood samples were taken
from 12 randomly selected ewes in late preg
nancy to evaluate the vitamin E status of the
herd . The herd was then divided into 2
groups, each consisting of about 80 ewes.
The ewes in one group (supplemented group)
were given a single intramuscular injection
of 500 mg watersoluble dl-n-tocopheryl ace
tate. The other ewes were left untreated
(control group).
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Nine ewes in each group which lambed be
tween April 13-15were selected at random.
Immediately after they had lambed and be
fore the lambs had been suckled, blood sam
ples were taken from each of these ewes and
from I of its lambs. These samples were ana
lysed for vitamin E concentration and GSH
Px activity. The CK activity was determined
in serum from the lambs. The sampling pro
cedure was repeated on the same animals 7
days later.

TrialB. (Per oral administration ofvitamin E)
On March 23, 1987 blood samples were ta
ken from 14ewesselected at random and the
herd was divided into 2 equal groups each
consisting of about 80 ewes. The ewes in one
group were given a daily oral supplement of
150mg watersoluble dl-a-tocopheryl acetate
until they lambed (supplemented group) ,
while the other ewes received no supplement
(control group).
Ten of the ewes lambing between April 13-20
were selected at random from each group,
and blood samples were taken from each
ewe and from 1 of its lambs as in trial A; in
addition samples were taken 24 h after lam
bing.
At the times of blood sampling, milk samp
les were taken and analysed for vitamin E
and Se. The first 10ml of colostrum were re-

jected on each occasion before the sample
was taken for analysis.

Results
a-tocopherol was the sole vitamin E isomer
in milk and colostrum and the totally domi
nant isomer in serum. Only insignificant tra
ces of y-tocopherol could sometimes be de
tected in serum.

Trial A
Table 1and 2 show that whether the concen
trations of vitamin E (a-tocopherol) were ex
pressed as mg/I serum or as mg/g serum li
pids, the ewes treated parenterally with dl-a
tocopheryl acetate 11 to 13days before lam
bing had significantly higher serum tocophe
rol concentrations at lambing than the un
treated ewes. The newborn lambs of the vita
min E supplemented ewesalso had higher se
rum concentrations of vitamin E before
suckling than the lambs of untreated ewes,
and the difference was significant when the
concentration was expressed as mg/l serum.
However, all the lambs had very low vitamin
E levels in serum before suckling . One week
later the values were 3-12 times greater.
The mean activities of CK in the serum of the
lambs of the supplemented and control
groups were not significantly different at
lambing or I week later . All the values were

Table I. Trial A. Effect of supplementation of vitamin E (500mg n-tocopheryl acetate intramuscularly) in late
gestation on serum vitamin E values (mg/I) of ewes and their lambs at different times before and after lambing.

Before supplementation At parturition 7 days after
(11-13 days before before suckling parturition

parturition)
n x sd n r sd sign. n x sd sign.

Supplemented 9 1.22 0.42 9 0.74 0.27
Ewes 12 0.82 0.14 •• n.s.

Control 9 0.65 0.13 9 0.62 0.17

Supplemented
Lambs

Control

9 0.22 0.11

9 0.10 0.06
•

9 1.23 0.73
n.s.

9 1.21 0.48
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Ta ble 2. Trial A. Effect of supplementation of vitamin E (500 rng n-tocopheryl acetate intramuscularly) in late
gestation on serum vitamin E values (mg/g lipid) of ewes and their lambs at different times before and after lam
bing.

Before supplementation At parturition 7 days after
(I 1-13days before before suckling parturition

parturition)
n x sd n x sd sign. n x sd sign.

Supplemented 9 0.50 0.15 9 0.31 0.10
Ewes 12 0.39 0.06 n.s .

Control 9 0.30 0.08 9 0.27 0.07

Supplemented
Lambs

Control

in the range 1-12 ukat/I and the highest va
lue was found in a newborn lamb of the sup
plemented group. No clinical signs of NMD
were observed.
There were no significant differences neither
between ewes nor between lambs in the sup
plemented and control groups in terms of
the GSH-Px activity in erythrocytes at lam
bing. When the groups were put together the
GSH-Px activity was significantly (p
<0.(01) higher in the ewes than in their
lambs before suckling (x = 2804 j: sd 1131
and x= 1655;t sd 444 ukat/I, respectively).

Trial B
The ewes which had been supplemented
orally with dl-n-tocopheryl acetate during

9 0.18 0.09 9 0.47 0.28
n.s. n.s.

9 0.11 0.06 9 0.43 0.21

the last 3-4 weeks of pregnancy had signifi
cantly higher serum tocopherol concentra
tions than the unsupplemented ewes, both at
lambing and I week later (Tables 3 and 4).
Their lambs had significantly higher levels of
serum vitamin E I day after lambing than
the control lambs, but not immediately after
birth or I week later. The serum vitamin E
concentrations in all lambs before suckling
were very low.
The concentration of vitamin E in the first
colostrum was 2-3 times as great as in the
milk I day later, and the concentration in the
milk had decreased by a further factor of 2-3
by I week after lambing (Figs. I and 2). At
lambing and 24 h after lambing the ewes in
the supplemented group had a mean milk vi-

Tab Ie 3. Trial B. Effect of supplementation of vitamin E (150mg a-tocopheryl acetate orally per day) in late ge
station on serum vitamin E values (mg/I) of ewes and their lambs at different times before and after lambing .

Before supplementation
(21-28 days before

parturition)
n x sd

At parturition
before suckling

n x sd sign. n

24 h after
parturition

x sd sign. n

7 days after
parturition

X sd sign.

Supplemented
Ewes

Control
14 0.89 0.11

10 1.37 0.32
•••

10 0.72 0.13

10 0.99 0.26
•••

10 0.65 0.10

Supplemented
Lambs

Control
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10 0.10 0.03 10 3.13 1.57
n.s,

10 0.08 0.03 10 1.49 1.09
•

10 1.27 0.42

10 1.28 0.28
n.s,
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Table 4. Trial B. Effect of supplementation of vitamin E (150mg a-tocopheryl acetate orally per day) in late ge
station on serum vitamin E values (mg/g lipid) of ewes and their lambs at different times before and after lam
bing.

Before supplementation
(21-28 days before

parturition)
n x sd

At parturition
before suckling

n it sd sign. n

24 h after
parturition

it sd sign. n

7 days after
parturition

it sd sign.

Supplemented
Ewes 14 0.40 0.05

10 0.47 0.11
•••

10 0.36 0.07
••

Control 10 0.28 0.06 10 0.28 0.04

Supplemented
Lambs

Control

10 0.09 0.03 10 0.61 0.24
n.s.

10 0.G7 0.02 10 0.28 0.11
••

10 0.51 0.32

10 0.43 0.09
n.s,

tamin E concentration about twice that of
the ewes in the control group, but the diffe
rences were statictically significant (p
<0.05) only when the results were expressed
as ug/g lipid (Fig. 2). One week after lam
bing the concentrations were similar in both
groups .

The first colostrum had about twice the Se
content of the milk 24 h later, and 3.5 times
the Se content of milk taken 1 week after
lambing (Fig. 3).
The CK activity in the serum of the lambs
increased from birth, when its mean and
range were 2.2 and 1-8 ukat/l, to 1 day later

VIT.E,mll/kll

10.0
VIT.E.I'II/II
100

-SUPPLEMENTED
- SUPPLEMENTED

"······CONTROLS

········CONTROLS

t·,

1········.................
· '''---'''110

11011.0 1
i\
\

\I.•.•.•.,;..•
1.0 1 · ..............

o
1-,---..----------......7 DAYS

Figure 2. Mean (± s.e.m .) (l1g/g lipid) of vitamin
E in milk from 10 ewes in Trial B at different times
after lambing. Day 0 = first colostrum.

'--..--.-----------"'!7DAYS
o

Figure I. Mean (± s.e.m.) concentrations (mg/kg)
of vitamin E in milk from 10ewes in Trial B at diffe
rent times after lambing . day 0 = first colostrum.
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Se,Ull/1

L-..r---,r------------....DAYS
017

Figure 3. Mean (± s.e.m.) (ug/l) of selenium in
milk from 9 ewes in Trial B at different times after
lambing . Data from the experimental and cont rol
groups have been combined. Day 0 = first colo
strum.

when the values were 14.5 and 5-37 ukat/l .
When the lambs were 1 week old the values
were 4.6 and 1-20ukat/I . No clinical signs of
NMD were observed.
As in trial A, the GSH-Px activities at lam
bing were significantly higher (p < 0.05) in
the ewes than in the lambs (x = 1958 ± sd
669 and x= 1477 ± sd 527 ukat/l, respecti
vely).

cur in vitamin E deficient lambs with a nor
mal Se status (Steel et al. 1980,Maas et 01.
1984), it is possible that the vitamin E status
is of main importance for the residual inci
dence of NMD. The disease is not uncom
mon in newborn lambs and the hypothetical
aetiological role of vitamin E deficiency
should be particularly significant in these
animals, because of the poor transfer of vi
tamin E across the placental barrier in sheep
(Hidiroglou 1972). Although Horton (1977)
considered that intramuscularly administe
red vitamin E was transferred across the pla
centa to some extent, his data - like most
others relevant to the vitamin E status of
newborn animals - were based on samples
taken after suckling had occurred. The much
lower serum vitamin E concentrations found
in calves before colostrum had been consu
med, compared with the concentrations in
their dams (Bouda et 01. 1980) demonstrate
that ruminants can be born with a low vita
min E status .
The results of the present investigation show
that low serum vitamin E concentrations are
normal in newborn lambs. The mean serum
vitamin E concentrations in lambs before
they had suckled (0.08-0.22 mg/I) were
much lower than those considered to be ne
cessary for avoiding the risk of clinical NMD
in ruminants. The »safe« level has been re
ported to be at least 1.0 mg/I (McMurray &
Rice 1982, l?}vernes et 01. 1985)but even hig
her figures, from 1.5-2.0 mg/l, have been
proposed (Adams 1982, Moos et 01. 1984,

Morrill et 01. 1987).
The feeding programme which was used in
the present investigation is quite conventio
nal in well-managed herds. Nevertheless, the
mean serum vitamin E concentrations found
in the ewes (0.62-1.37 mg/l at different sam
plings) were lower than the »safe« figures g...
ven in the literature. One reason for this dif
ference could be that analytical methods not

....................
.................,...

.......................·..········...1

50

10

Discussion
The supplementation of the diet of farm ani
mals with Se, which has been officially per
mitted in Sweden since 1980, has reduced the
prevalence of Se-vitarnin E deficiency disea
ses in most animal species. However, the
decrease in the incidence of NMD in sheep
has been less than expected (Moksnes 1986).
He presumed that the main reason was that
many sheep consumed little of the Se-supple
mented feed. However, since NMD can oc-

roo
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based on HPLC tend to overestimate the vi
tamin E concentration. Moreover, several
dietary factors can influence the require
ment for vitamin E to such an extent that it
may be unsatisfactory to use serum a-tocop
herol concentration for estimating the vita
min E status of an animal. For example,
Horwitt et al. (1972) proposed that it would
be better to express the concentration as mg
a-tocopherol per g serum lipid. However,
our data (Tables 2 and 4) indicate clearly
that this method of expressing the results
does not imply any advantage. Because of
the well-known relationship between the re
quirement of vitamin E and polyunsaturated
fatty acids in the ration (ie. Scott 1978), it
may be more relevant to evaluate the vitamin
E status of an animal in terms of the rela
tionship between a-tocopherol and polyun
saturated fatty acids. The data ofMcMurray
& Rice (1982) and Hakkarainen & Pehrson
(1987) indicate that it should be particularly
worthwhile to measure the relationship bet
ween a-tocopherol and linolenic acid (C
18:3).
However, even though expressing vitamin E
status in terms of mg a-tocopherol per I se
rum may not be the ideal method, it seems
certain that the lambs in the present investi
gation had very low serum a-tocopherol
concentrations at birth. There was a signifi
cantly higher mean concentration in the
lambs born to ewes given a single parenteral
dose of vitamin E in late gestation (Table I),
and a tendency towards a higher concentra
tion in the lambs born to ewes given an oral
vitamin E supplement in late pregnancy (Ta
ble 3). These higher levels indicate that it is
possible to increase the transfer of vitamin E
across the placenta to some extent by supple
menting the ewe with the vitamin during
pregnancy. From a practical point of view,
however, the increase in concentration
achieved in this way was negligible in com-

parison with the effect produced by the con
sumption of colostrum, which - provided
that the ewes are fed a satisfactory diet 
contains plenty of vitamin E. It is evident
that the vitamin E content of colostrum
(Figs. 1and 2), and consequently the vitamin
E status of the lamb shortly after birth (Ta
bles 1-4), was influenced by the level of vita
min E in the diet of the ewe. It is reasonable
to suppose that if a pregnant ewe has a poor
vitamin E status her colostrum will have a
low vitamin E concentration. Young lambs
with a normal Se status may then run the risk
of NMD, either because they do not consu
me sufficient colostrum or because their
dams are being fed a vitamin E deficient
diet.
The serum CK activities of the lambs were
slightly higher one day after lambing than at
birth or one week later. This higher value
may have been the result of the unaccusto
med load placed on untrained muscles, and
suggests that during their first few days
lambs may be particularly prone to NMD.
The serum vitamin E concentrations of the
lambs with the highest activities of CK 24 h
after lambing (>20 ukat/l: 2 in each group)
were close to the mean values of their respec
tive groups.
The GSH-Px activity in erythrocytes is a
good indicator of the Se status of ruminants
(Carlstrom et al. 1979, Moksnes 1986).
Using the correlation curve of Moksnes
(1986), which is based on data obtained by
using the GSH-Px method used in our labo
ratory, the mean GSH-Px values in the diffe
rent groups at lambing correspond to Se
concentrations of 210-320 ng Se/rnl whole
blood. It is therefore evident that all the ani
mals at that time had a satisfactory Se status.
The higher GSH-Px activity in the ewes than
in their offsprings at birth suggests that the
transfer of Se across the placenta is restric
ted, in accordance with the results of Jacobs-
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son & Oksanen (1966) and Wright & Bell
(1964). This restricted transfer will certainly
be compensated for by the high Se content in
colostrum (Fig. 3). Colostrum has been
found to contain more Se than milk also in
other ruminants (Koller et al. 1984).
In conclusion, these experiments show that
lambs are born with a low vitamin E concen
tration in their serum, irrespective of the vi
tamin E content of the diet of the ewe during
pregnancy. However, after the intake of co
lostrum the concentration of vitamin E will
increase rapidly . An increase in the supply of
vitamin E to the ewe during late pregnancy
can increase the vitamin E content of her co
lostrum and, as a result, increase the serum
vitamin E concentration of the suckling
lamb during its first days of life.
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Sammenfattning
E-vitaminstatus hos nyfodda lamm. Effekten av till
skott av dl-a-tocopherylacetat till tackor under h6g
draktighet,
I en fArbesltttning med valordnad utfodring och
mycket god djurhalsa gays 2 grupper av hogdraktiga
tackor dl-n-tocopherylacetat- tillskott, antingen som
intramuskular engangsdos (500 rng) 2 veckor fore
lamningen eller som dagligt peroralt tillskott (150
mg) under 3-4 veckor fore lamningen. Som kontroll
grupper anvandes tackor som inte erholl nagot till
skott . Blodprov togs pA tackor och lamm vid lam
ning innan rarnjolk hade konsumerets samt I dygn
och I vecka senare. Mjolkprov togs fran tackorna
vid samma tillfallen . Tackorna som fick E-vitamin
tillskott hade vid lamningen 2 gAnger hogre Ewita
min halt saval i serum som i colostrum an kontroll
tackorna. E-vitamininnehAllet i kolostrum var avse
vart hogre an i mjelk som uttogs 1 dygn och I vecka
efter lamningen.
E-vitamintillskotten resulterade visserligen i en ok
ning av vitaminhalten i serum hos de nyfodda lam
men. men denna var obetydlig i jarnforelse med den
som orsakades av kolostrumtillfOrseln. Samtliga
lamm hade mycket lag E-vitaminhalt i serum
omedelbart efter fodseln . Ett dygn senare hade hal
terna minst fyrdubblats.
Samtliga djur hade vid lamningen ett normalt selen
status varderat genom bestamning av glutationpero

xidas (GSH -Px) i erythrocyterna. Tackorna hade sig
nifikant hogre GSH-Px aktivitet an sina nyfodda
lamm.
Det anses sannolikt att nutritionell muskeldegenera
tion kan uppsta hos nyfodda lamm med normalt se
lenstatus om deras Evvitaminstatus ar otillrackligt
till foljd antingen av en otillracklig konsumtion av
ramjolk eller av en E-vitaminbrisl i tackornas foder

stat under draktighet med AtfOljande lag E-vitamin
halt i kolostrum.
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