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TE9 HagA AGoM AAHE T8 A
%352 &(Growth Hormone, GH ; Somatotropin)
& FAAANZEE BFE2E(bST)Y FTEA
9 RE 239 4% ¢ vlfo) BAFHL, o
al, 1945 ; Wilhelm, ¢t al, 1948 ; Friesem & Ast-
wood, 1965 ; Stelwagen %5, 1993). oj& HA%
23 NEY FAREE FANA AEFE &
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3 A cHStelwagen &, 1993 ; oldenbroke
5, 1993 ; Torr %, 1993).

Stelwagen 5(1993)2 bSTH 22 <13 Ewes
o $59 Fvte MEEFY U] RYe
23)2} Mammary parenchymal A ¥4=9] 37}

~Holgtn B s

Oldenbroke 5(1993)2 A ¥E4= (somatic cell
count, SCC)& A7 zTRYG v
BaEgch ST HAelie $RFudAe SCC
o 2747} A £ (Epithelial cell)s] Z7}2
& AL oty 7ted AYMAEE AR
(macrophoges) 2 #RFHAT. BETF (Leucocyt-
es)} AT HIEEA 7 SCCS HAAX
9 e A7 2T dojA Hx
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Torre'§(1993)& ¥H| {713 Nonlactating Per-
iod) &<t 1bSTY A= Mitogensolth B 2|4
Fol g Fe| $FaA AEAol} FAHG
3 Al E(Mononuclear cells)®l Z4d d&&
oA B3k Bustdth vElR7Et -
bST AHzle H#5<¢ bSTE AT LzHg
EE DA FAEY 2§ Interleukin-2 o]0l
AFE WHA AT Rk o) A7AH
hSTE £SHFA T FA8d FHAA 75
(Effactor functions)S #H3A|IZIthe A& AA
gtz wunsiyoh. wabd BEioie hSTol
g3 933 108717 EHE il =& 2 ¢
71E FAE A FA3H AHES9A
ojo}#AE A9 ARE AFsluAl 3}

XL

0k

3%

A

2o glolN FAWgo g HAd HAjRoa
23 Aotk of@AAE o] peptideSZ & ¢
A9, dol W(drarfism)E FEAAH, 3
P A A S (giantism) & AT £
o] Az 2ol Adrd Aol d o
glgtd o 2 W|dlE (acromegalic deformation)o°)
Hok(Li, et al, 1975).

AZZE2EL 2 75 "Wt FEHY A
H H3t5H 282 polactin? = TEHHG-
uyda, e al, 1971), 143 Ao A FFFHo =z
vl Bd gt S =28 chorionic somatomam-
motropin form¥ &7 A vl BAFH 4
718} d (Sequecne) & 7HA L Y& 3oz EBA
Jow ol A9 FATAAA Q% Aoz
w3 A Jdod(Wallis, 1971 ; Bewley, et al,
1972).

ARz ere dAAyg 32 & (peptide hormo-
ne)o 2 HAF3FEY Fo wl £ - A A

H 1. Production Responses to Long Term BGH Treatment of Lactating Dairy Cows

Bodyweight
BGH Duration Average daily Gross (kg)

Reseach  Level stat of BGH Milk yield(kg)  Milk composition(%) DMI NE, milk Prior End %
§oup  BGH* dayt treatment} Actual 35%FCM Fat Protein TS Lactose (kg/d) (Mcal/d) efficiency§ BGH BGH change
Comell 0 8 2 - ne 3634 - 48 - 341 18 583 07 +22
auman 135 8 2 - U4 3834 - 49 - %7 Lu* 52 6 42
ddl 70 ¥ 7 - B 3634 - 48 - 302 L0 58 673 42
(19852)  40.0 8 27 - 3.4 3634 - 49 - 35 LOF 559 651 417
Gulph 0 28 3 5.7 %77 3.833F - 49 195 - 1.38 629 699 +11
Buton 125 28 38 2.3 305> 3832 - 50 196 - L51° 611 659 48
dal %0 B B 3.1° 315 3832 - 50 205 - L.50° 690 693 +4
(1987) 5.0 28 R 29.9 0. 3832 - 50 198 - 158 632 649 +3
Pemnsylvania0 28 38 - p 3630 - - - W7 L4 55 62 +10
Chalupa & 125 28 38 - 299 4030 - - - 3.9 L4® 51 68+
Schneider 25.0 28 38 -~ 85 3730 - - - 0l L 571 671 418
(1986) 50.0 28 38 - B 40030 - - - M4 L6 578 613 +6
Minnesota © 28 38 6 2. 3632 125- 20.¢ - 132 560 656  +17
Sodetholm 125 28 38 29,8 30. 6 3.6 3.3 127- 2.2 - L4 567 69 +13
ad %50 28 38 B1° A6 3933 126- 2.0° - 153 571 621 +9
(1986) 5.0 28 38 2.6% 34.1% 3833 12.8- 2.0 — 1.52° 529 578 49

means in the same colunm with different superscripts differ(P<0.05)

Treatments are with recombinant bovine growth hormone{mg/head/day)

Day of lactation(post parturition)
Weedks of lactation

Comell group=kg FCM/Mcal net energy intake ; other groups=kg FMC/kg DMI
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H 2. Summary of the Galactopotic Activities Associated with long Term Exogenous BGH Treatment
in the Lactating Dairy Cow™

Attes of Action and consequences of BGHT

BGH and/or
CFs activity ~ Peripheral tissues Blood and plasma Mammary tissue Alveolar lumenj
Insulin (- insulin sensitivity (—)insulin levels {—)insulin sensitivity (0)to slight{+)[BGH]
intagonis (~)glucose oxidation (+)BGH levels (=)glucose oxidation ( 2 )IGFs levels
{+)lipolysis and oxida- (0)glucose pool (4 Joxidation of acetate (0)lactose %
tion of its products (0)glycogen peol and ketone bodies (4 actose yield
{(+)milk yield
Nutrient (+ Mipolysis (O)to shight{ +)[NEFA) {(+)LCFA into triglycerides {O)to slight{+)
partitioning  sight(+ )gluconeogenesis {2 Mtriglyceride levels {0)to slight (~)de novo fat %
from glycerol (0)glucose levels SCFA synthesis {O}at composition
slight(+ )amino acid (0)to slight (~)free (+ at yields
depostion amino acid levels
Mammary (=N proportionately) AT (+ transport of milk {+ )proportion of cardiac (+)milk yield
blood flow blood flow to peri- PIECUrSOrs, vitamins output to gland (+)lactose yield
pheral organs and minerals to gland {+)blood flow rate to gland (4 fat yield
(+)overall cardiac output (4)IGFs to gland (4102 to gland (4 )protein yield
{(+)COz from gland (+ )vitamin & mineral
yield
Membrane©  {+)receptor-BGH complexes (+)vascular transport of {+ Jepithelial transport (Oto slight(+)
properties (+receptor-IGF complexes NEFA, glucose, amino of NEFA, glucose amino fat %
{7 )sensitivities of BGH acids, cations, vitamins (+)fat yield
to mammary (+)metabolite fluxes {0)protein %
{+)metabolite fhuxes {0)lactose %
. (0)ash %
Synthetic (+)enzyme systems (0)to stight (+)[NEFA} (+)RNA & DAN synthesis (0Mactose %
activites (=Mat aceretion { ? mglyceride levels {+enzyme activity (+ )lactose yield
(0}to slight (+ )protein (0)glucose levels (4 )protein synthesis (0)protein %
accretion (0)to slight (~)free (4 )lactose synthesis (+ )protein yield
{=)glycogen stores amino acid levels {+ Joxidation of acetate (+)milk yieldp
* Assuming animal is in positive energy and protein balance
T (4 )increase : (), decrease, (0), no change, ( ? )=unresolved
T In the milk-holding compartments of the mammary gland
A9 zel7t Jeow, EAFE sl 21, 00000 A Ao o8 2 WS ol gow, Wy B
48,000 dalton®] ol gtk Alge] AFsE HEE e A9 A 1~dmgR =0l
2& BAPol o 21,50dadion BEoIW, 19 AHseE wule] 2AE A%eF(hypothal
of ofmlidt widsl, 2H8) disulfide ZEE 7t amus)olA YojLbo} ST Soiz sk thA}

At AeHLi, et al, 1970).
BAA3.28 L H35A AZFA(dry weight)

o 10%E AR s

3~5mg/gland{!

AHog

4 gl ok

EE 3 RE2BL

® 2~59 2th
Y5t W FAE(G-

Hs)(Tashjian, et al 1968)o14E AmineH 5] &

2150 1% (Daughaday, 1974 ; Meyers, ¢t al
(ed), 1976). T3 HFE =8 thAFHo] v)
$ w2, &322 (circulating halflife,
T1/2) ¢ 20~30% A x|t} (Daughaday,
1974), 43289 e AZFd, Yo}

2¥ 024 thyroidt glucocorticoid &= &) 9
A 2 BH7 AFHE Rol BaHAvHDan-
nies, et al, 1973 ; Tsai, e al, 1974 ; Kohler, et
al, 1973 ; Martial, et al, 1977).
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I 3. Effect of bST on Specific Tissues and Physiological processes in lactating Cows "

Tissue

Process affected during first few days and weeks of treatment

Mammary

Liver

Adipose

Muscle
Pancreas

Kidney?

Intestine?

Whole body

Syntheis of milk with normal composition
Uptake of all nutrients used for milk synthesis
Activity per secretory cell
Loss of secretory cells(i.e., enhance persistency)
Blood flow consistent with increase in milk yield
Basal rates of gluconeogenesis
Ability of insulin to inhibit gluconeogenesis
Glucagon effects on gluconeogenesis, glycogenolysis, or both
Basal lipogenesis if in positive energy balance
Basal lipolysis if in negative energy balance
Ability of insulin to stimulate lipogenesis
Ability of insulin to inhibit lipolysis
Ability of catecholamines to stimulate lipolysis
Uptake of glucose
Basal or glucose-stimulated secretion of insulin
Basal, insulin, or glucose-stimulated secretion of glucagon
Production of 1,25 vitamin Ds
Absorption of Ca, P, and other minerals required for mitk
Ability of 1,25 vitamin Ds to stimulate Ca-binding protein
Ca-binding protein
Oxidation of glucose
NEFA oxidation if in negative energy balance
Insulin and glucagon clearance rates
Energy expenditure for maintenace
Energy expenditure consistent with increase in milk yield(i.e., heat per

unit of milk not changed)

li Cardiac output consistent with increases in milk yield

1 Productive efficiency(milk per unit of energy intake)

'From B

et al(9). Changes( t =increased, § =decreased, NC=rno change)that occur in initial period of bST supplementation

when metabolic adjustments occur to match the increased use of nutrients for milk synthesis. With longer treatment, voluntary intake in-

creases to match nutrient requirements.

“Demonstrated in nonlactating animals and consistent with observed performance in lactating cows.

Joumal of Dairy Science Bol. 75, No. 12, 1992

2 & NysERo| £% ¥ ATY

0ok

A%3 upelgo] P28 Fulg oF 22,
000 dalton(& A28 A¢)P=oly 3}
A AGelA Euldch = ol A A3V (pr-
oadult period)ell ©o3ity, B ARZ=E F
oA 7 A7 Bel & AL & 4528
o 2A ¢ 191709 oim it MiEd e A2
AJtHDay hoff, et al, 1978).

olgd HF s2 & #F AFE FHY A
%, cell lined] Mg &F o WAE 718
® R o v (Tashjian, et al, 1968 ; Bancroft,
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1971 ; Bancroft ; 1973a ; Bancroft, 1973b)3#Ho
2 mRNAZ5-E} i vior tragnslation systemol] 2]
g A28 dFHPes dildd A%
B2 4771 AR H A} Bancroft, e al 1973 c).
Batolgt EARHEGA woz A ¥
F HAFE2E {FAAE cloning® 22 H (Goe-
ddel, et al, 1979 ; Seeburg, et al,1977) AR 3.2
ol dig A3 F2ol 7Fs3kAl HAU
gy & B3PI ZEL cell line?) o) §o)
3R 22 BAZ AHFolY F ZF3EE
s dddos B2 A3 Ho A £
3lt). Seavey B(1971)2 & AAI=E4 27}
A9 allelic forme] J&& wdon, olo] Mill-



3# 4. A Summary of the Motabolic Impacts of Somatotropin

Action Impact Associated Chances in Physiology
Nutrient Mobilize and utilize tissue in support of lactation t  Free fatty acids in blood
partitioning i Blood urea nitrogen
{  Negative energy and protein balance
Diabetogenic  To spare glucose while supporting increased f Blood insulin
action milk yield by 1 Blood glucose
increasing utilization of free fatty acids 1 Free fatty acids in blood
' Blood ketones
{  Plasma lipoproteins
Changes innitial decreases followed by increased appetite Initially, blood metabolite changes associated
appetite 4-8 weeks after commencing treatment with
partitioning of nutrients to lactation shown
above. These
then return to normal with increased appetite.
Changes Increased blood flow 1 Cardiac output
in blood t  mammary perfusion
flow
Mammary effi-Increased efficiency Oxygen uptake
ciency Uptake of glucose

Uptake of triglyceride

T

1

t  Uptake of acetate

1

{  Uptake of amino acids

er 5(1980)2 & AAZ=E FAAE cloning3t
Aok £ £ AFS2EY $H(milk)EY &
A 3289 polacin® A FAANA w4
¥ AT Z=%E(nascent pregrowth hormone)©]
EAqghe AHde] wEA A Lingapp, e dl,
1977).

A ST d7E oS AEs=HY 7z Bop
9 HE7HEO Zol e ATE AYPA Az
Jth. 53] hST7F WHo] nAe G A
EF Fkl o g7 g dFE F9
g 7129A Botol & giigo] Ha it

3 & dEAS=E sUIxiEAE

tbSTW bSTE w524 FoJ 2= (FDA) 28
A A (939 109)7HA] AHEAZE7E AR o
3k AAE vtEE ST ARgel 2siA
ulFe] gEfrd & Hyo] AAM 7 7
o ¥& UR F99 Fte fydtn &7=
A3AE7re ZHEA ol AXEAU ALSEA
g 4o F gle kel $8E1 Ak 7]
B FEEAY Exdd B §3290u
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32
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rir
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=

AAZEAN A STE Fiste] AH8de RAe
ARty Ye F7H LA, AR, dobFd=,
vgd, dam, Brkelel 5)x AR ECH
ARG ARRo] 37t YA ok, F=ol
Zg2E hbSTY A7 HajH e FAE 3§t
3 YA FAY QRN E HHe dFEL
24 hSTE FY3te Aol FAHL Ut o
of sl 19929 49 14¢0l FelY FHLAY
IANA £FFEANDT)2REH o) &9
ME 1bSTY AFAFolA e AHS-& AA A
Feve FX9 Adq dElA FAe FAT
 AHA Tl EAVE AR A7 &oRA F
g AASTE gHo] YT a2 2F
YR L ME bSTE AFEL E& 49
Ao dolge AAST YA Yrh

oo dagt A& nx9) sldel W3 B
QHbST Algell o) 1 ¢taAde] F£3] Fx

kv
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HE 5. Metabolic Changes Associated with Growth-promoting Hormones in a Lactating Dairy Cow

Physiological Type of Metabolic Activating Target
function control change hormones tissues
Milk synthesis Homoeostatic Increased syntehsis Placental lactogen Mammary gland

& homoeorhetic

Lipid metabolism  Homoeorhetic

Glucose metabolism Homoeostatic
& homoeorhetic

Protein metabolism Homoeostatic

Increased use of nutrients Oxytocin
Oestrogens
Progesterone
Thyroxine
Triiodothyronine
Growth hormone
IGFs

Prolactin
Growth hormone
Glucocorticoids
IGFs

Increased gluconeogenesis Insulin

Increased lipolysis
Decreased lipogenesis

Increased glycogenolysis Glucagon
Decreased use of glucose Growth hormone
Increased use of lipids ~ IGFs
as energy source
Mobilisation of protein ~ IGFs
reserves(direction Thyroxine

depends on energy Triiodothyronine

Adipose tissue

Liver, Kidney

Muscle & other
body tissues

and nitrogen

balance of cow)

Mineral metabolism Homoeorhetic

mobilisation of calcium parathyroid hormone

Increased absorption and mineralcorticoids

Growth hormone

Orecocerticoids

Prostaglandins

Kidney, liver,
gut, bone
Calcitonin

Growhth hormone

IGF2

Calciferols

HAuolx), dwkm|zte] whgd 7128 € 3
A A 2 A4 9 0lg & ECU
o] =9 (o)A MR 71&E A A 291e
FE3 nFHA B WAL s w=9)%
of EtHM BAG Folth. MA etz
2 A7k #32 Fdvled J@ AF A
e HSHor FHse A A A
g& 180k A@Pu=o FUERAA 4
TAZ1ee A7 Aol dgd FAE Zalsie
7l€dde ARE dAFoR AN HE,
AN Ao 2e AFA 2 Ak R
e vl Bkl e ATE Agstn
g fdz Ftor AzF AFY B #
P AAE AHES e RS udtn At
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5% AE FUlele AL Boln U 1
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FolA e AL ohate BuEATh FDAY 9
&) hST7F 1994d Foll 08 AFe] ¥& A
oz dagn ok bSTY A& s v]H



9 =tol F9)0] 150~225"8 7} ZUtElE Ao
2 A9 AtHAEZZA 137 FF3 5500
JE/F, AL Y3 Rz dezde A}
gy 2 w5ulE FAEY He 5¢) 28y
FHNAME bSTY AEsle] w58 Ar)st
2 e MR, G 25 FUd HA

o AHA G WIAN VYol A 9] bSTe)

Aol F8¢ unj7l 2 7}%—*40] Ak,

a2 AP bSTE & 2 HE Y
& 1bSTHA )‘i‘r“j U2 el A48
l‘—‘# ¢ fe] Stk o] 878 ©e WEo)
A48l oln] AE=U} E3 o] MER
W ABEHE bSTHAES 443 7kx7 8gh

ol &£48rh. bSTY A&l s 9 it
Fol T7teol {712l MAHE AAHY
wolole ) afe) o] Wk Mmjze] aw|
7 23X e FDAY AEAA3]ol 9% hST
o] g AF7F QA MR = o o] At
Aozt vk F35a Aok )AL 1b-
ST %4 $-Ffol thste 499 g W&
o thEel FAEHY A go] dash Hx 1
A3 AAo] FFFE uE A e A
olth. F, +F9 Anzte] Ao FHE Ao
3 EHA W] B AFAY FAWP T
A7 24T tsdE AR, FAUA
T A o3 Azt AW g FF9
?‘{W%é}% AR & fle 87 g 7

&3 Ut ol dsiA FDANAME ThSTH
o9 Wfael W B dyed $45e

FHEDY g2 9 7l =2k (Guide line)
o ENE FFEo)E INED ;T wEdu
p=

ECx thSTo| tig §of 71 7t (Moratorium )&
20000742 dstAn F3san ok ECH
COPA®t GOGECAYH = 1bST Abgo] 3|79
A3me iy FYdd $FE ALIA AR
i"?'?}’ﬂ Hu %*1]5]“’1*]0? "'5“3}_"17_ UE’IL Rnen

2 #estm 01010} iz FAsta gtk o
T EAEANE 1bSTY Aol 7| 3to] AR
v Aol s st gloy detoldeAte

7to] Ao dish BEAEAL Bt d Y
st 2ok (Animal PharmAl. 93.8%).
&) AEVIEe KMo 4 F

o] i1 :rLiﬂ@u?_ H-A40] hST EH%L FDA &7}

GRF(Growth hormone releasing factor)

| TRF(Thyrotrop in releasing
factor)2| H1SE

$a &>

Az eE HEd o] &%
(Endogenous) A ZZ2& £H & A2
ANgol A Hare FEFE F7HZ . (Enfight
5, 1986, 1988 ; Pettetier &, 1987 : Lapierre
S, 1990). RAoAM NIRRT ERY Fee
T3 GAANEAZH(TRE)N SJlA F7HE
2t} Convyer %, 1973 a ; Davis &, 1977 ; Jo-
hke, 1978). HAol g TRF9 ©7Izte] g
B Aol AhikE A3 Conflicting results)
2 el Aok Lapierre 5 (1990)2 9% 9
% 7}& (Conlflicting results)#&3tFtt. Convey
T(1973b)& oFte] FUhhe Hasigivh 18
1} Schams (1974) % Hsu(1982)% TRF& ¥
FAA FAdUdE FTFE AR Rt
¥ ustat. GRFSE TRF9 SAFoE GHE
HE Z7pA717] §jste] deAHow Agdn.
(Hodate &, 1985 : Lapirre &, 1987 ; Wollny

Wl
w7

r‘_\Q oX

% 1987). HZ Lapierre 5(1990)2 GRF$%
TRE7F S84k A& A7FE < 43 Addi-
tive « effect) S R Z3ATH

T3 TRFe X2ZR(Pd)3 #EA A=3
EE(TSH)Y B&S F=3t2 AHConvy T,
1973a ; Hodate &, 1985). W14 Pil 4= 2
Ao A 7122 u]f(Established lactation)oll %
e A YA HPlaut 5, 1987) Thyro-
protein 4% T: FAMe #FAAE2E] ¢+
Aol £9A dE IS JeEdYdn B3
st (Blaxter 5 1949 ; Davis %, 1988a). %

A 52 2(TH)E 2~370€9 ©7)2Etd
f AREe F7HAZY. 3% THHE FA8
A 5 A E) 1 (Depressed) FE> WS
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ZA¥H( More, 1958 ; Thomas 5 1957).

Lacasse 5(1991)2 671 295 GRFe 4dx
Abe Ba9 F AL 9.5% AT A}
RESEY 6.1% FINATL ge™ Dhil
(1993)2 GRF¥ AnEE=2W(ST)$ IGF-19)
&g 93 wrds E3ste HhST 2% S.
CM%E Kot go] Z/AZGT Rustgo.
B AW dFME GRFE o) &3 AFL J)
Fa7] A% AT A&EHo o)FolX7 u)
ol o] Eooll tjg AT Ll A&
o] oz o} gt}

a2 o

fbSTeF GRF A 9753 2 371 28
Aol gk ANARIE By A&E e
Aok gk 1bSTY 7k7h ol Aol & Hol

= FTE 4 HBE 4 = Ao Ay
3oltt. matA oo md HRE AL QY
A5 AFHE FDA 7Pt @ 799 diy)
&) bSTol e AFEA 2 APl s
el g 43 FHsurtol gk ST A

< 494 A3 e ECY AEAFE &
NN L E33te RGN ST e HE
© 238 vFS 571 Aoy HEER
FRE S oj2m o} oA AAbEE

T ot adn & 5= ok

TbSTell 3] 32 713l F7hdte] M)A
Ztgol A FEAoE Igm Qu AF WA
A X olFAE oj7e] YFHL 97)
W&ol oleld o]Ho] YFEHE FEd dF o
A% Bt dHer @} 9= ST Az
32} 2 USDAYIME FU9] & AAEEE A
TS &g BRo) W3 590 2EA ASXE
o2 YA HEg s Jrta g =
e 94 2 SAE wZely ECY ST 38
ALgS dubd AW FAsEA guge
e Qe TiEe) &8 i s &
& 7 Ath AEEY AN AFe) Y &
753 Ao

fekek FDA 31717 Wi2ix ST szl 71&
S =) AAZRZNN FHNHo g HARE

FUe] B bST AZPA ] ZUA B

7h 877 3aA AP ERE ¥ o
olc}. mapr AL Zo] MAFE ZH3
71 2 A8F Qo] BEEHE FHFAA
Holuh $-ule] Byt dAez 7ied $89 =
57 53 €4€ F IEE #AAE 25U}
kgt FRupY AN Yoy geE
ool dtthe AL FxedYdM Bug v
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