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Growth-promoting and metabolic actions of recombinant ovine placental 
lactogen and bovine growth hormone in young lambs 

S.H. MIN, D.D.S. MACKENZIE, B.H. BREIER’, S.N. McCUTCHEON AND P.D. GLUCKMAN’ 

Department of Animal Science, Massey University, Palmerston North, New Zealand. 

ABSTRACT 

It has been shown previously that ovine placental lactogen (oPL) has a growth-promoting effect in the growth hormone (GH)-deficient 

dwarfrat. However, this effect has not been verified in an homologous system using animals with an intact somatotrophic axis. To examine 
the effects of oPL in the sheep, we injected lambs with recombinant oPL (0.1 mg/kg liveweight/day, n=l6) or saline (n=l6) for 21 days 
commencing on day 3 of life and compared their effects on body growth and energy intake with those in lambs treated with the same dose 
of recombinant bovine growth hormone (bGH, n-16). Circulating concentrations (ng/ml) of hormones in saline- vs bGH- vs oPL-treated 
lambs at day 20 of treatment were (meat&E): oPL, ~0.5 vs co.5 vs 12.8&0.5; GH, 10.8ti.O vs 48.4ti.0 vs 12.6zb5.0, PcO.001; insulin-like 
growth factor-I (IGF-I), 267.6&l 4.4~s 302.4rtl4.2 vs 291.7U4.4. Average daily gain (kg/day) during treatment was significantly (Pa.05) 
greater in oPL-treated lambs (0.28ti.01) than in saline-treated (0.25ti,Ol) or bGH-treated (0.24N.01) lambs. Similarly, there were 
significant (PcO.05) increases in total energy intake (over the 21 day treatment period) during treatment with oPL (112Sf3.5 MJ ME), 
compared with bGH (102.oE3.5 MJ ME) or saline (102.053.5 MJ ME) treatment. It is concluded that oPL is somatogenic in young lambs. 
This effect may be mediated by stimulating voluntary feed intake rather than by elevating circulating concentrations of IGF-I. 
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INTRODUCTION 

Ovine placental lactogen (oPL), a member of the growth 
hormone (GH)/prolactin @XL) family, is a 198 amino acid 
protein (Colosi et& 1989) produced by the binucleate cells of the 
chorionic epithelium (Kappes et aZ., 1992). Recent sequencing 
studies have shown that oPL has a higher degree of homology 
with ovine PRL(49 %) than with ovine or other species of GH 
(25-28 %) (Colosi et a& 1989; Warren et al., 1990). 

Despite its low homology with oGH, oPL displays 
somatogenic activity. Administration of partially purified or 
recombinant oPL stimulates IGF-I production (Hurley et al., 
1977; Singhetaf., 1992)and weightgain inhypophysectomized 
and growth hormone-deficient dwarf rats with a similar or 
superior potency to bGH (Chan et al., 1976; Singh et al., 
1992). Similar effects have been also reported with highly 
puritied bovine PL (bPL) (Byatt et al., 1991). 

Although the above studies clearly demonstrate that oPL 
has somatogenic activities, these results have not been veri- 
fied in an homologous system. In this paper, we report the first 
study to examine the effects on body growth and composition 
of recombinant oPL administered to milk-fed lambs. 

MATERIALS AND METHODS 

Animals and Treatment 

Forty-eight twin-born Coopworth x (Border Leicester x 
Romney) lambs were used in the trial. All lambs were born to 
ewes at pasture over a 9 day period and remained with their 
dams until day 3 of life to ensure adequate intakes of colos- 

trum. On day 3 of life the lambs were permanently separated 
from their dams, penned individually on slatted floors and 
assigned to one of three groups, each of 16 lambs, balanced for 
age and sex. Over the next three weeks, commencing on the 
evening of their arrival in me pens, one group of lambs was 
injected subcutaneously with recombinantly-derived oPL (0.10 
mg/kg LW/day; Lot #M3RD86, Genentech, South San Fran- 
cisco, CA, USA), one group with recombinantly-derived 
bovine growth hormone (bGH) (0.10 mg/kg LW/day; Lot 
736&z-69Q, American Cyanamid, Princeton, NJ, USA) and 
the control group with sterile physiological saline (0.10 ml/kg 
LW/day). Subcutaneous injections were alternated between 
the right and left sides of the neck and administered twice 
daily, at 0800 and 1600h. oPL was dissolved at a concentra- 
tion of 1 mg/ml in phosphate buffered saline (pH 7.6) while 
bGH was dissolved as a 1 mg/ml solution in carbonate buff- 
ered saline (pH 9.4). The solutions for injection were prepared 
fresh each 3-7 days and held at 4°C. Injection volumes were 
adjusted to anew liveweight every 5 days following reweighing 
of the animals. 

During the three week treatment period the lambs were 
individually fed ad libitum a mixture of ovine and bovine milk. 
Milk was bottle-fed four times daily (at 0700, 1030, 1400 and 
17OOh)andwaswarmedto380Cpriortoeachfeeding.Afewdays 
after the commencement of bottle feeding 5 lambs (distributed 
across groups) developed mild scouring. Therefore, Scourfix 
(Vetchem Laboratories Ltd, Fast Tamaki, Auckland, NZ) was 
added (1.5 ml/line) to all milk and lambs were restricted to a 
maximum of 500 ml milk at the first feeding time (07OOh). The 
ratio of ovine to bovine milk was 1:0 at days 3 to 5 of life, 7:3 at 
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days6to7,6:4atdays8to12,5:5atdays13to17,and3:7atdays 
18 to 23 of life. The fat, protein and lactose content of milk was 
measured by using a Milkoscan 104 semiautomatic infrared 
analyzer (A/S N. Foss Electric, Denmark). 

Blood Sampling and Hormone Analyses 

Blood was taken from each lamb by jugular venipunctum 
at 08CQllOO and 15OOh on day 20 of treatment (day 23 of life). 
Samples (5 ml) were withdrawn into vacutainets (Nipro Medical 
Industries, Japan) containing EDTA as the anticoagulant and 
immediately placed on ice. Withii 20 min the samples were 
centrifuged at 3000 g and 4°C for 20 min. Plasma was pipetted 
into duplicate vials and stored at -20°C for later analysis. 

Placental lactogen concentrations in plasma were measured 
by homologous radioimmunoassay (Oliver et al., 1992), using 
recombinant oPL (Lot # M3RD78) as standard. The minimal 
detectable dose was 0.05 r&tube, half-maximal displacement 
was achieved at 0.6 n&t&e and inn-a-and inter-assay coefficients 
of variation were 6.1% and 8.7% respectively. 

Growth hormone concentrations were measured using the 
double antibody radioimmunoassay described previously (Flux 
et al. 1984). The GH assay used bovine CH for i&nation 
(USDA - bGH - 11,3.2 IU/mg) and reference standards (USDA 
- bGH - B 1,1.9 IU/mg). In&a- and inter- assay coefficients of 
variation were 8.6 and 13.2% respectively. 

Plasma IGF-I concentration was measured by RIA us- 
ing a rabbit antiserum to recombinant human IGF-I (878/4) 
at a final titer of 1:250,000 (Breier et al., 1991a). The 
antiserum has a cross-reaction with IGF-II of less than 0.05%, 
a minimum detectable dose of 0.06 @tube, and a half 
displacement dose of 0.30 @tube. Before RIA, plasma 
samples were subjected to acid-ethanol extraction with an 
additional cryo-precipitation step. The intra- and inter- assay 
coefficients of variation for IGF-I were 5.0 and 9.8%, respec- 
tively. IGF-I concentrations are expressed in terms of the 
international reference recombinant human IGF-I prepara- 
tion 87/518 (National Institute for Biological Standards and 
Control, Potters Bar, Herts, U.K.). 

Statistical Analyses 

Data arising from repeated measurements on animals 
(liveweight and energy intake) were subjected to multivariate 
(repeated measures) analysis of variance to test the effects of 
treatment, time (repeated factor) and their interaction. Plasma 
hormone concentrations measured on three occasions on day 20 
were averaged because them were no significant interactions 
between treatment and time (within a day). Prior to analysis, 
intakes of milk were converted to total metabolisable energy 
(MB) intakes based on assumed ME contents of fat(39.2 MJZkg), 
protein (24.4 MJZkg) and lactose (16.5 MJZkg), respectively 
(Holmes and~wilson, 1987). All data am expressed as least 
squares means and standard errors. Statistical analyses were 
conducted using the computer package ‘SAS’ (1986). 

RESULTS 

Plasma Hormone Concentrations 

Concentrations of oPL in plasma on day 20 of treatment 
were below the assay detection limit in the bGH- and 
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saline-treated groups, whereas oPL treatment increased cir- 
culating concentrations of oPL to 12.8kO.5 @ml (Table 1). 
Plasma concentrations of GH were increased four-fold 
(PcO.05) by bGH treatment compared with the saline or oPL 
groups. Treatment of lambs with bGH or oPL produced a 
small but non-significant elevation of circulating IGF-I con- 
centrations on day 20 of treatment. 

TABLE 1: Plasma hormone concentrations (ng/ml) on day 20 of 

treatment in lambs treated with saline, recombimant bGH (0.1 mglkg/day) 

or recombinant oPL (0.1 mg/k/kg/day) from day 3 to 24 of life (meatiSE). 

Hornlone Saline bGH OPL 

n 16 16 16 

PL CO.5 CO.5 12.8ti.5 

GH 10.8zt5.V 48.4ti.ob 12.6&O.S’ 
IGF-I 267.6&l 4.4 302.4214.2 29 1.7fl4.4 

a, b Means with different superscripts are significantly different (P~0.05) 

Liveweight gain, Feed Intake and Feed Conversion 
Ratio 

Liveweights of oPL-treated lambs progressively di- 
verged from those of the other treatment groups (Figure 1), as 
indicated by a significant (PcO.01) treatment x time interac- 
tion. Average daily gain during the three weeks of treatment 
was significantly (PcO.05) greater in oPL-treated lambs than 
in saline-treated or bST-treated lambs (Table 2). 

TABLE 2: Average daily gain, energy intake and feed energy/gain 
ratios in lambs treated with saline, recombinant bGH (0.1 mg/kg/day) or 

recombinant oPL (0.1 mg/kg/day) from day 3 to 24 of life (mea&SE). 

Hormone Saline bGH OPL 

Laily gain (kg/day) 

16 16 16 
0.25fl.O 1 a 0.24t0.01a 0.28ti.O 1 b 

Energy intake 

(MJ ME/day) 4.9zto.2” 4.9B.28 5.41tO.2~ 

Ratio (MJ ME/kg) 19.8ti.5 20.0&0.5 19.5M.5 

a, b Means with different superscripts are significantly different (pcO.05) 

The increased rate of gain observed in the oPL group 
was accompanied by an increased energy intake (Figure 1). 
Daily energy intakes during treatment of oPL-treated lambs 
were significantly (PcO.05) greater than those of saline-treated 
or bST-treated lambs (Table 2). This increased energy intake 
with oPL treatment led to feed energy/gain ratios similar to 
those with saline or bGH treatments. 

DISCUSSION 

It has been reported previously that recombinant oPL 
has a potent growth-promoting effect in GH-deficient dwarf 
rats (Singh et&, 1992). However, there is some evidence that 
the biological activities of oPL could vary depending on the 
animal species studied. For example, oPL is equipotent to 
PRL and GH in stimulating lactogenic activity in the mam- 
mary gland of the rabbit (Servely et al., 1983), but possesses 
low lactogenic activity in sheep mammary gland (Servely et 
al., 1983; Emane et aZ., 1986). It is well documented that 
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FIGURE 1: Effects of saline (O), bovine growth hormone (A) and 
ovine placental lactogen (+) on live weight and metabolisable energy 
intake of milk-fed lambs. Each point represents the mean of 16 observa- 
tions. Vertical bars represent the pooled standard error of the mean. 
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bGH has somatogenic activities in ruminants, including sheep 
(Et-night, 1989). Thus, the objective of this study was to 
investigate whether the somatogenic activity of oPL ob- 
served in dwarf rats also occurs in intact animals of the 
homologous species (ovine) and to compare its effects on 
body growth with ‘those of bGH. 

Pell et al. (1990) have shown that treatment of lambs 
with bGH from 9 to 19 weeks of age significantly increased 
growth rate and lean tissue content, but such effects are not 
always evident (Pell &al., 1987; Sun &al., 1992). Ourresults 
are consistent with the latter studies since they showed no 
effects of exogenous bGH on growth rate of milk-fed lambs. 
In contrast, oPL treatment significantly increased the live 
weights of lambs from day 10 after commencement of treat- 
ment. This finding confirms a previous report on somatogenic 
effects of recombinant oPL in a heterologous (dwarf rat) 
system (Singh et al., 1992) and provides the first evidence 
that oPL also has growth-promoting effects in the ovine. 

The mechanism by which oPL stimulates body growth is 
unclear. In this study, bGH and oPL treatment both elevated 
circulatingconcentrationsofIGF-Iinyounglambsalthoughsuch 
effects were small and non-significant. Although previous re- 
ports indicate that serum and hepatic tissue concentrations of 
IGF-I are regulated in part by GH and that GH biding to the 
hepatic GH receptor increases markedly at bii (Breier et al., 
1991b),treatmentofyounglambswithO.l mgflcg/dbGHoroPL 
in this study invoked a much smaller increase in circulating IGF-I 
concentrations (24-34 @ml or 9-13 % relative to saline-treated 
lambs) than did treatment of pregnant ewes with 0.15 mg/kg/d of 
the same bGH preparation (ca. 200 @ml or 130%) in our 
previous study (Min et al., 1994). Thus changes in circulating 
IGF-I concentrations cannot account for the growth-promoting 
effects of oPL in these lambs. 

It is well documented that bGH treatment increases 
voluntary feed intake in sheep and cattle, but only after 

several weeks of continuous treatment (Bauman et al., 1985; 
Sandlesetal., 1988).Incontrast,adn~inistrationofrecombinant 
bPL stimulates feed intake in dairy cattle within 9 days after 
commencement of treatment (Byatt et al., 1992). Such acute 
increases in feed intake have also been observed in rats 
treated with highly purified bPL (Byatt et al., 1991), indicat- 
ing that there are marked differences between bGH and bPL 
in their effects on voluntary feed intake. The present results 
showed that treatment with oPL, but not bGH, significantly 
increased feed intake in milk-fed lambs from 10 days after 
commencement of treatment. Thus, our data are consistent 
with previous reports and suggest that oPL, like bPL, stimu- 
lates energy intake. It has been suggested previously that the 
higher feed intakes of bPL-treated rats are partly mediated 
through the PRL receptor (Byatt etal., 1991) since adminis- 
tration of oPRL stimulates feed intake in mature female rats 
(Gerardo-Gettens et al., 1989). However, it seems unlikely 
that the effect of oPL is similarly mediated. oPL binds to the 
GH receptor with a high affinity, but not to the PRL receptor, 
in hepatic tissue from lactating ewes (Emane et al., 1986). 
Furthermore, administration of exogenous PRL to lactating 
goats and dairy cows failed to alter feed intake (Plaut et al., 
1987; Jacquemet and Prigge, 1990). It thus seems likely that 
oPL exerts direct effects on voluntary intake. This effect on 
voluntary intake, rather than changes in circulating IGF-I 
concentrations, may be responsible for the growth-promoting 
actions of 0PL. 

ACKNOWLEDGMENTS 

The authors acknowledge funding support of the Health 
Research Council of New Zealand and technical assistance of 
Y.H.Cottam,M.F.Scott, W.B. Parlane,A. SuruzandC.Gibson. 
oPL was generously supplied by Dr R. Vandlen, Genentech and 
bGH supplied by Dr I.C. Hart, American Cyanamid. 

REFERENCES 

Bauman, D.E.; Eppard, P.J.; de Geeter, M.J.; Lanza, G.M. 1985. Re- 
sponses of high-producing dairy cows to long-term treatment with 
pituitary somatotropin and recombinant somatotropin. Jownal of 
Dairy Science 68: l352- 1362. 

Breier, B.H.; Gallaher, B.W.; Gluckman, P.D. 1991a. Radioimmunoassay 
for insulin-like growth factor-l: solutions to some potential prob- 
lems and pitfalls. Journal ofEndocrinology 128: 347-357. 

Breier, B.H.; Gluckman, P.D.; McCutcheon, S.N.; Davis, S.R. 1991 b. 
Physiological responses to somatotropin in the ruminant. Journal of 
Dairy Science 74(Suppl 2):20-34. 

Byatt, J.C.; Eppard, P.J.; Munyakazi, L.; Sorbet, R.H.; Veenhuizen, J.J.; 
Curran, D.F.; Collier, R.J. 1992. Stimulation of milk yield and feed 
intake by bovine placental lactogen in the dairy cow. Journal of 
Dairy Science 75: 1216-1223. 

Byatt, J.C.; Staten, N.R.; Schmuke, J.J.; Buonomo, EC.; Galosy, S.S.; 
Curran, D.F.; Krive, G.G.; Collier, R.J. 1991. Stimulation of body 
weight gain of the mature female rat by bvine GH and bovine 
placental lactogen. Journal of Endocrinology 130: I I- 19. 

Ghan, J.S.D.; Robertson, H.A.; Friesen, H.G. 1976. The purification and 
characterization of ovine placental lactogen. Endocrinology 
98: 65-76. 

Colosi, P.; Thordarson, G.; Hellmiss, R.; Singh, K.; Forsyth, LA.; Gluckman, 
P.D.; Wood, W.I. 1989. Cloning and expression of ovine placental 
lactogen. Molecr&r Endocrinology 3: 1462-I 469. 

Emane, M.N.; Delouis, C.; Kelly, P.A.; Djiane, J. 1986. Evolution of 
prolactin and placental lactogen receptors in ewes during pregnancy 
and lactation. Endocrinology 118: 695-700. 



62 

Enright, W.J. 1989. Effects of administration of somatotropin on growth, 
feed efficiency and carcass composition of ruminants: a review. In: 
Use of Somatotropin in Livestock Production, ppl32- 156. Eds K. 
Sejrsen, M. Vestergaard and A. Neimann-Sorensen. Elsevier Ap- 
plied Science, London. 

Flux, D.S.; Mackenzie, D.D.S.; Wilson, G.F. 1984. Plasma metabolite and 
hormone concentrations in Friesian cows of differing genetic merit 
measured at two feeding levels. Animal Production 38: 377 -38 4. 

Gerardo-Gettens,T.; Moore, B.J.; Stem, J.S.; Horwitz, B.A. 1989. Prolactin 
stimulates food intake in a dose-dependent manner. American Jour- 
nal of Physiology 256: R276-R280. 

Holmes, C.W.; Wilson, G.F. 1987. Milk production from pasture. 
Butterworths of NZ Ltd. 

Hurley,T.W.; D’Emole, A.J.; Handwerger, S.; Underwood, L.E.; Furlanetto, 
R.W.; Fellows, R.E. 1977. Ovine placental lactogen induces 
somatomedin: a possible role in fetal growth. Endocrinology 
101: 16351638. 

Jacquemet, N.; Prigge, E.C. 1990. Effect of prolactin infusion on lactation, 
glucose kinetics, and pancreatic hormones in lactating goats. Jow- 
nal of Dairy Science 73: 3433-3438. 

Kappes, S.M.; Warren, W.C.; Pratt, S.L.; Liang, R.; Anthony, R.V. 1992. 
Quantification and cellular Iocalization of ovine placental lactogen 
messenger ribonucleic acid expression during mid- and late gesta- 
tion. Endocrinology 131: 2829-2838. 

Min,S.H.; Mackenzie, D.D.S.; Breier, B.H.; McCutcheon,S.N.; Gluckman, 
P.D. 1994. Metabolic effects of recombinant ovine placental lacto- 
gen and bovine growth hormone in pregnant ewes. Endocrinology 
(submitted) 

Oliver, M.H.; Harding, J.E.; Breier, B.H.; Evans, P.C.; Gluckman, P.D. 
. 1992. The nutritional regulation of circulating placental lactogen in 

fetal sheep. Paediatric Research 31: 520-523. 

Min et al -ACTION OF OPL IN LAMBS 

Pell, J.M.; Blake, L.A.; Buttle, H.L.; Johnsson, I.D. Simmonds, A.D. 1987. 
Insulin-likegrowth factor-l andgrowth hotmone in sheep. Proceed- 
ings of the Nutrition Society 46: 48A. 

Pell, J.M.; Elcock, C.; Harding, R.L.; Motrell, D.J.; Simmonds, A.D.; 
Wallis, M. 1990. Growth, body composition, hormonal and meta- 
bolic status in lambs treated long-term with growth hormone. British 
Jownal of Nutrition 63: 43 l-445. 

Plaut, K.; Bauman, D.E.; Agergaard, N.; Akers, R.M. 1987. Effect of 
exogenous prolactin administration on lactational performance of 
dairy cows. Domestic Animal Endocrinology 4: 279-290. 

Sandles, L.D.; Sun, Y.X.; D’Cruz, A.G.C.; McDowell, G-H.; Gooden, 
J.M. 1988. Responses of lactating ewes to exogenous growth hor- 
mone: short- and long-term effects on productivity and tissue utili- 
zation of key metabolites. Australian Jottrnal of Biological Science 
41: 357-370. 

SAS 1986 Statistical Analysis System. SAS User’s Guide: Statistics. SAS 
Institute, Cary, N. C.; Servely, J.; Emane, M.N.; Houdebine, L.; 
Djiane, J.; Delouis, C.; Kelly, P.A. 1983. Comparative measurement 
of the lactogenic activity of ovine placental lactogen in rabbit and 
ewe mammary gland. General and Comparative Endocrinology 
51: 255-252. 

Singh, K.; Ambler, G.R.; Breier, B.H.; Klempt, M.; Gluckman, P.D. 1992. 
Ovine placental lactogen is a potent somatogen in the growth 
hormone (GH)-deficient rat: comparison of somatogenic activity 
with bovine GH. Endocrinology 130: 2758-2766. 

Sun, Y.X.; Michel, A.; Wickham, G.A.; McCutcheon, S.N. 1992. Wool 
follicledevelopment, wool growth and body growth in lambs treated 
from birth with recombinantly derived bovine somatotropin.Anintal 
Production 55: 73-78. 


