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J@C DT ADMINISTRATION TO PREGNANT SOWS ON DEVELOPMENTAL STAGE AND SEMITENDINOSUS
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k"?HFEID LARITY OF THE NEWBORN PIGLETS
LD
g, . * I. FIEDLER, R. WEIKARD, K. SPITSCHAK and K. ENDER

Nst 4 3 .
tltute for Biology of Farm Animals, 2551 Dummerstorf, Germany

f.
»JMMARy.
'y o

b lffe_
”?rp. Tent Periods of gestation to investigate the effects on the developmental stage
B Cl91e e

g (1ets at birth. The treatment period was between 10 and 24 (I), 50 and 64 (II) and
III)

Tegnant Landrace sows were treated with 6 mg porcine somatotropin (pST) per day

f%%y days of gestation, respectively. In response to the treatment in the 1late
g the birthweight of the piglets increased by 4.8% (P<0.05). The mean litter

u
'%av?changed.
N ) A .

'.{%Se N group III (by 9 to 33%), and the body contained more fat (P<0.05). There was
oy in
Alt.

GrOuD :

Organs, with the exception of spleen, pancreas, and thyroid gland tended

Semitendinosus muscle weight, although changes on the cellular level were
U\;
L

Tp

1 11 showed less nuclei per muscle fibre (P<0.05) and the nuclei number per mm?2
C ” : : ’

. Qo entlatlon tended to be lower, whereas RNA concentration and RNA/DNA ratio were

't al‘e .

\f%r 4 to controls. Taken together with the findings that this group showed the lar-

Nuppe
ber Per Type I cluster (P<0.05) and the most compact fibre arrangement, the re-

S :
o %mer 4 higher maturity of skeletal muscle in Group III. In Group I the total muscle

{Sov, S enhanced by 27%, i.e. by 80,000 fibres. The results suggest that pST treat-

£ Ay« .
.)Waﬁo urlng gestation may accelerate the development of the fetuses and may induce
(TN h ]
b to Er More muscle fibres representing a higher growth capacity of skeletal muscle.
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) [R()DUCT nt ava

4]

dted maternal somatotropin on the fetus are assumed to be mediated by im-
ilability as well as fetal insulin and insulin-like growth factors.

) ; Administration of somatotropin to pigs 1is associated with an increased
“thWRmfltered body composition and increased efficiency of feed utilization (MACHLIN,
f; “Te S al., 1987). In part this is due to the metabolic effects of somatotropin

‘JQMWRTQ lic and lead to enhanced availability of carbohydrates, fatty acids and amino

L N :

A%s“i 3 1988). In particular, somatotropin is capable of increasing plasma glucose
§

GL
for UCKMAN, 1986) . Since substrate availability is one of the most important

r%nn " 1 9rowth, it can be expected to be influenced by exogenous administration of
0
e =On. the maternal organism. Moreover, an indirect mitogenic effect of maternal
h, 8 3 . . . i j ' w . j e
%mhﬁ lmaglnable, if nutrient and in particular glucose availability is a signifi-
nt

Of fetal IGF secretion and if IGF plays a role in the regulation of fetal

Qume
i ’b&au Oteq by GLUCKMAN et al.(1986) and BASSETT et al.(1990). This is of particular
Ay S
”f gmwr the number of myoblasts may be the limiting factor for muscle fibre number,
by Lo, a

Y fixed at birth (e.g. REHFELDT et al., 1987). Thus prenatal factors which

al
Muscle fibre number have a permanent effect on the postnatal growth (WIGMORE

Ly
Ne Np |
y 283 -

Consequently, the aim of this study was to investigate the effects of

ropj o 2

. bin (pST) administered to pregnant sows on the developmental stage and
C : :

ang ®llularity of the newborn piglets.

ME

q THODS: Pregnant Landrace sows have been treated with 6 mg pST (Pitman-Moore,
aj : . k d ; )
1ly 1.m. for 15 days in different periods of gestation. The sows which were

Dt‘e
ame 9nant were divided randomly into a control group and 3 test groups differing
I Deriod, which was between 10 and 24 (Group I), 50 and 64 (Group II) or 80
I)

' Fespectively. After farrowing from each of the resulting 44 litters one
Se . . ¢
ntathe birth weight was dissected. Several organs and hormone glands as

115, Do . S :

¥si OSus muscles were prepared and weighed. Body composition was determined by
B y
Of the autoclaved and homogenized piglet according to ENDER and HARTUNG

@nd.
1ng . ’ : . .
SUs muscle sections were stained for acid-stable ATPase (preincubation at

S :

%M JbAMAHA, 1970) , or for haemalum-eosin for nuclei (ROMEIS, 1989). The number
1
“Urag M
€S wag counted by an ocular grid. The number of type I fibres strongly

aQid
Stable ATPase was counted in the clusters of the deep portion of the
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muscle. The muscle cross area was obtained by planimetry. Nucleic acids and PI CU”

lysed according to MUNRO and ELECK (1966), PETERSON (1977) and RICHARDS (1974

RESULTS and DISCUSSION: The treatment of pregnant sows with porcine soma
the development of the fetuses in a manner dependent on the gestational Defiod

. thwel
as far can be determined by means of the developmental stage at birth. The pirth

. ; : _ined
piglets was enhanced by 4.8% in Group III compared to the controls and remain€

Group I and II (table 1). No significant differences occurred in litterweight
In addition to the body weight significant differences in body composition W€
Group III. The crude fat percentage slightly increased from 1.25% in control

(P<0.05) due to water loss. Regarding the weights of organs and hormone gl @aﬂ

striking differences again were found in Group III piglets, whose mothers

pST during the late gestation (table 2). The weight of the lungs increased by an‘

' . ) . . eel -
stomach, liver, kidney, heart, thyroid gland and thymus showed an increase bel¥

No changes were obtained in spleen, pancreas and adrenal gland weights.
On the macroscopic level no signs of an accelerated development of semité a0y
in

were observed (table 3). There was no significant increase in muscle weight hww'

test groups, and in Group II a decrease actually seen (P<0.05). On the other "
4 ed

changes in muscle microstructure were evident. In Group III piglets, which appo 0
; Ve

ture at birth according to the above data, the number of nuclei per fibre (P

16
; (tab
mm2 decreased. Accordingly, the DNA concentration showed a decreasing trend :

gether with slightly elevated RNA concentrations and RNA/DNA values without
which 1°
/mm?

levels these data may indicate a precocious onset of fibre hypertrophy.

at about 100 days of gestation. The increased number of muscle fibres

indication of the more compact arrangement of the fibres than of their s 1n
: : er-
the muscles of Group III showed the highest fibre number per Type I clust gion
x - ; 7 A ; : 6T o gd eac
portion of semitendinosus at first only primary fibres exhibit a positive 3

stable ATPase (Type I). Between 90 and 105 days of gestation the secorldary

*
Table 1: EFFECTS OF pST TREATMENT OF PREGNANT SOWS ON THEIR NEWBORN PIGLETS {

111
Control Group I Group II GrouP
Number of sows 1754 11 13 8
piglets 129 100 134 76 - gl
Birthweight (g) 1392 1364 1356 1459 B
Litterweight (kg) 15.0 12.4 14.0 13.9 3
A i
Littersize 10.8 9.1 10.3 9.5 Twﬁwf
ik
Table 2: ORGAN AND HORMONE GLAND WEIGHTS OF NEWBORN PIGLETS IN RESPONSE TO P f
OF THE SOWS DURING PREGNANCY (* P < 0.05) 32
111
Control Group I Group II GrouP
No. of animals Sl 11 13 8///‘// l?
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Alcia PR o o ey et 3 a4 Nl - ¢ TRRAS VET A o’
60
Stomach-empty (g) 7.88 Y e 8.09 8‘5 U{
Liver (g) 47.2 48.7 43.8 Son 3
Spleen (g) 1.69 1.55 1.74 Lash o
Kidney (g) 11.4 11.5 11.8 18-2 &
Heart (g) 10.9 10.9 10.9 14t 07,
Lungs (g) 2o 22.9 2oLy e 0’
Pancreas (g) 2.38 2.08 2.46 o 19
Thymus (g) 1.93 2.00 1.90 £o8 04
Adrenal gland (mg) 319 334 327 304
Thyroid gland (mg) 341 348 349 368
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% EFFE
SE

A N M;Hs OF pST ADMINISTRATION TO PREGNANT SOWS ON CHARACTERISTICS OF

TEWDINOSUS MUSCLE OF THE NEWBORN PIGLETS (* P < 0.05)

Control Group I Group II Group III SEM

i b 302.7 383.9 * 298.7 315.8 48.7
d R (X 103)
\te Sy
L 2
f”_~’wl 2463 2992 * 2743 2821 * 442.6
aﬂ" i 2
ps 2845 2956 2902 2645 280.9
| tbre
| .
A TN 1.17 1.01 * 1.07 0.95 * 0.13
' 6.1 £.9 6.6 pog T 1.5
2.08 0.83 * 1.04 1.24 il
loose 27 a4 56 0 .
Medium 1 11 11 42 -
Compact 55 56 33 58 -
Single T

a
Ty

i (BR
‘b, ERMANY

c

‘Ype I fibres exhibit a conversion from Type II to Type I ATPase histo-
t al., 1978). Type I fibre clusters are formed. Thus, a higher fibre
indicate an advanced developmental stage of the muscle.

s muscles of Group I piglets, whose mothers were treated with pS

of gestation, a striking increase in muscle fibre number by 27% (i.e.
Was found. Accordingly, there is a slight tendency for more nuclei as well as
The nuclei were distributed among more fibres as seen by the decrease of
Ompared to controls (P<0.05) and, the fibres were smaller indicated by their
“d Unit area. During fetal myogenesis the central nuclei of the primary fibres

sSu . o = g d a : : ‘
bSarCoLemmaL position causing in this way a decrease in centrally nucleated

; b Sq] h . : . : ’
’4 Sy mﬁt € appeared more mature according to the lower number of primary fibres with
8 Byt CBteq _ ‘

‘W'Qr@sb Nuclei (P<0.05). However, the number of Type I fibres and the fibre arran-
A T Ty, Ohde 2 .
)’ N “u@at °d to control values. Thus, it seems possible that the lower number of cen-

) y dQv

if/\:% c

Y oS

Q

1y

Of

Doy
“ms “Udeq 4,

Drlmary fibres is only due to the higher total fibre number and not to an
meq A =
€Nt of the muscle. - In Group II rather an impairment of muscle development

DY lower muscle weight and protein content (P<0.05) as well as by the

m‘inecrangement of the fibres. This result should not be overestimated, for only
%rmn B but it seems possible, that a negative catch-up effect has been occurred.

! %nn ;rUWth hormone, insulin as well as somatomedins cannot penetrate the placenta
‘\‘ MF dlrectly exert a growth-promoting effect on the fetus, the fetal growth, most

Sp Crg
i MIW%QSZ DST ADMINISTRATION TO PREGNANT SOWS ON PROTEIN AND NUCLEIC ACIDS OF

OSUs MUSCLE OF THE NEWBORN PIGLETS (X AP 0L05)

%i Hf%%%lg Control Group I Group II Group ITI SEM
b 9) 291.5 29559 234.6 * 243.2 43.6

Ng
%f%) 937.6 1097.9 978.0 1052.5 298.4

L))
// oy 9575 1032.1 1019.0 910.0 227.2
15015 1.062 1..:0%0 1.184 0.301
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, 2 . ,ﬂ,'us
likely, was stimulated by exogenous pST in an indirect manner. The most obv10
: £ gith
the higher developmental stage of the piglets, whose mothers were treated wl
. ) ! R co
late pregnancy, is the higher substrate availability, in particular of glu

transplacental glucose is the primary energy-producing fuel in the fetus and.
fetal insulin, is greatly responsible for fetal growth. Acceleration of
mothers with diabetes mellitus and increased transplacental glucose supplY
(hyperglycemia) resulting in hypersecretion of insulin is commonly reCOWﬂjed
METZGER, 1980). Moreover, it has been suggested that maternal somatomedins S*%

: : . : 1ate®
tal growth and prolactin (hPL) production in humans and that hPL in turn stimu

somatomedin synthesis for direct release into the fetal circulation in sup

; : oymind®
growth (e.g. ROBINSON et al., 1970). Furthermore, glucose itself is a deter™

: : 11n
IGF-1 secretion (BASSETT et al., 1990). SPENCER et al. (1983) found that insu
le
enhance the bioassayable IGF-activity. The effect of maternal pST on the who

piglets only occurred after late gestational treatment. A compensatory effeC
(e
1and

drawal of the sows from pST in group I and II is imaginable; on the other TZC
d ME

on the provision of nutrients increases with advancing fetal age (DOOLEY and
an

At birth the only remaining effect of the pST treatment in the early preg?
nificantly higher muscle fibre number in semitendinosus muscle. The muscl®

an
turn is mainly determined by the number of myoblasts which are able to fuse

por®

t dft i

ﬁ

ab i
p (Y

u )

flblen

o

ple:
. ; . : . b . nab
extent of their former multiplication during fetal myogenesis. It is 1magl o
. . . r—dep
exogenously increased maternal pST triggered an extraordinary growth factol ;1
1
is ma

feration of presumptive myoblasts in fetal muscle. The proliferative mitos
the first part of the fetal growth (BEERMANN et al., 1978; SEIDEMANN et al-
treatment period I and physiological concentrations of insulin like growth

been shown to stimulate myoblast proliferation in vitro (e.g. FLORINI, 1987) - nd
11
CONCLUSIONS: The administration of porcine somatotropin to pregnant SOWS du

. advé
tion may affect the development of the fetuses on the whole resulting in a@

~y M
logical maturity of the newborn piglets. A treatment in the early pregnanb’ for

% 4 ~ity
formation of more skeletal muscle fibres and, in this way enhance the capac?t

muscle growth.
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