CHAPTER LI

BACKGROUND INFORMATIONS

The structure of Growth hormone

anterior pituitary gland. The,seestion of S aormone from the pituitary gland is

-‘ . i
regulated by two peptides™th Wth @easmg factor (GRF), which
stimulates the release / &t \ { \- its the release. In addition to

these two peptides, mone binds to the growth

. v"&:‘."ﬂ,l'

secretagogue receptor i surclease using a signal transduction

pathway distinct from t nand Bauman, 1998).
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Growth hormone acids, énd bovine somatotropin (bST)
and porcine somatotropin r{;&, : cc of amino acid sequence similarity
(~90%). In contras ST’ and pST is appreciably
different from that‘ of the amino acids in hST

differ from these of b and pST). Because of this difterence, bST and pST have no

effect on h\mﬂ Tj\ﬂ W Bﬁﬁnwm:ﬂﬁng affinity to the hST

receptor being 8veral orders of ma%utude lower than that of hST
amaﬂnim UNIINYIAY
t is noted that there are variant forms of growth hormone. For example, bST
is released from the pituitary as four variants. These variants have ecither a leucine or
valine substitution at position 127 and an alanine (191 amino acid sequence) or a
phenylalanine (190 amino acid sequence) at the NH2 terminus. The variation in the
NH2 terminus is due to differences in the cleavage of the signal peptide. The

frequency of these gene alleles differs between dairy breeds.



Recombinantly derived forms of bST that have been used experimentally can
differ slightly from the bST produced by the pituitary gland. Depending on the
manufacturing process, from 0 to 8 extra amino acids are attached to the N-terminus of
the bST molecule. However, when the same purification techniques are used,
recombinantly derived and pituitary-derived bST have similar potency in various

biological test systems (Etherton and Bauman, 1998).

Exogenous growth ne must/he ed to be biologically active. The
digestive tract sccretes -Sidyine & eaﬁ down to amino acids to be
absorbed. If exogenous growth orle is givenworally, it is broken down to amino

ﬁ§§r’

acids in the digestive prggé pidicins. These reason is that bST

is cleared rapidly from ed in the body. Clearance of
bST occurs via normal 8 breaking the protein down to
amino acids. An achievemént oy sust: mgrincre ' milk yield needs to give daily
injections or use a prolongg of bST. Several prolonged-release
formulations have been deve d with small volumes that are administered by

subcutaneous injec ,_cyi ; Ty - 0 20/ yeeks (Bauman, 1992).
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Mechanisms of growm hormone action m
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Growtlihormone is a homeorhetlc control that affects numerous target tissues
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among ‘these tissues. The biological effects of growth hormone can be broadly

:

classified as cither somatogenic or metabolic. The somatogenic effects are those in
which ST stimulates cell proliferation. These effects are mediated by IGF-I. Many of
the metabolic effects are a direct action of ST that involve a variety of tissues and the
metabolism of all nutrient classes: carbohydrate, lipid, protein, and minerals. These

coordinated changes in tissuc metabolism alter nutrient partitioning and thus play a



key role in increasing growth performance or milk yield. (Etherton and Bauman,

1998).

Milk responses for bST administration

For all species, milk yield follows the lactation curve, increasing to peak yield

ows accounts for 66 to 80% of the
“pessistency. Peak yield is in tum
determined by secretory, - by secre 'vity per cell. Studies in goats
by Kaight and Wilde (1993 ’ lls increase in number during
pregnancy and early lactafiond’ Betw . { and peak lactation secretory cells
increase in size and beconig -— -+ differc d. After peak, cell loss is largely

responsible for decline in milk » cie wity per cell is maintained.
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Milk yield vh £ ‘ en observed for all dairy
o@ntial (Burton et al., 1994). In

general, respoﬁ ﬁlggﬁ qn E]lm ngerﬂ(?ld so bST use is over

the last 80% ofjthe lactation cycle. Typxcal milk y.eld responses arc increase of 10-
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care of §he animals are excellent (Bauman, 1992). The pattern of response is one

breeds and in animalsf different parity and genetic p

where milk yield gradually increase over the first few days of bST treatment and
recaches a maximum during the first week. If treatment is terminated, milk yield
gradually returns to pretreatment leveles over a similar time period. However, when

treatment is continued, the increased milk yield is maintained. Thus bST



administration results in greater peak milk yield and an increased persistency in yield

over the lactation cycle. (Etherton and Bauman, 1998).

Exogenous growth hormone enhances milk production in dairy cows by
coordinating a complex series of adaptations within the body (Richard et al., 1985).
Treatment with bST increases the rate of milk production within the mammary gland

and provides the necessary nutrients infs t of this enhanced rate of milk synthesis.

Voluntary intake increases_in. bST \s sfuefited dairy cows. This increase in

ﬁmentation, persists throughout

the interval of bST use, and*h3 // consistenthy erved across a wide range of

inte \« Spendent on the response in milk

NN

e=dii ’ ol et al., 1988). Overall, cows

diets. The magnitude ofafiCr
yield and the energ); defsi

supplemented with bST \k\ predlctable manner related to

the extra nutrients requiredogiErCo 30 \\ 1 O milk (Bauman, 1992).
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Additional nutrients re augmented rates of milk production

in bST-treated co ,_ Apps — ‘  origin :';’: y in the treatment period
C ) . .
(Peel and Baunman o ‘ in cows treated with bST

| I-||

demonstrated that arferial-venous differences of gluc ¢ decreased across the leg

muscles and t ﬂ | ‘ ed (McDowell et al.,

1987). Subsequgntly, mwesngatlons of the response‘:[ 1actatmg ewes to short- and
o LN LT L R AL M-
differenfles across the leg muscle decreased, whereas mammary gland NEFA arterial-
venous differences increased, after 3 d of bST administration. In the same study,
glucose and NEFA uptakes by leg muscles and mammary glands did not differ after 45
d of bST treatment. Irreversible losses (IL) of glucose and NEFA 1ncreased with bST
administration (McDowell et al., 1988). The increase in glucose IL was in spite of a

decrease in oxidation rate and due to the increase in conversion to lactation. Higher



rates of NEFA IL in bST-treated animals were observed in spite of increased oxidation
rates in the mammary glands and were correlated with plasma concentrations and
energy balance. Additional data are still required to improve an understanding of the
effects of physiological state, genetic potential, and exogenous bST administration on
nutrient arterial concentrations and uptake by the mammary glands (Miller et al.,

1991).

Increased milk yie ed flow of blood carrying milk

precursors to the mamm Contfol of-mammary blood flow (MBF) may be a

way to control nutrient pargiés as reported to be 10% higher and

MBF increased by 35% 4 Davis et al. (1988).

The daily outpui§o s lactose, fat, protein, minerals

and vitamins) are elevat bi8 to milk volume in bST-treated
cows (Burton et al., 1994). eneen Fatt atand protein in milk normally vary

as a result of factors such asgeReHcS

P
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gy stage of lactation, season, diet and
nutritional status. Theke erfippsition of milk from bST-

treated cows (Ethert A7 ’
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because of their availablility and high are rate of uptake by the lactating mammary

gland, acetate and to a lesser extent, B-hydroxybutyric acid are considered the most
important energy metabilites in mammary gland metabolism of ruminants. Two of the
most significant functions of acetate are to supply carbon atom for de novo synthesis
of fatty acids and to generate adenosin triphosphate through the tricarboxylic acid acid

cycle and the electron transpoit system. Growth hormone has dramatic cffects on



adipose tissue and lipid metabolism. Both lipogenesis and lipolysis are altered by
growth hormone treatment, with effects on lipid synthesis being of major importance
if animals are in positive energy balance, whereas effects on lipolysis predominate

when animals are at an cnergy balance near zero or negative (Peel and Bauman, 1987).

When bST treatment causes cows to be in negative energy balance, lipid

decreases in body fat, chronic elevati irculating NEFA, and increases in milk fat

percentage and the proportion ids in milk. Under such conditions,

use of body fat reserve clated to the degree of negative

energy balance and quan: jereases in fatty acid oxidation and

S

secretion of long-chain 7 ‘ i _‘ ik, Thi fere ased reliance on NEFA as
metabolic fuel facilitate yffc fEfdtion:im Bhigose xidation. When bST-treated cows
are in positive energy balgficgl | ,' : bose tissuc is decreased, and body fat
mobilization, milk fat pen o5 : k fatty aci omposition are unaffected. The
magnitude of the reduction a full ition of amount of excess energy

available. With chronic bST olism gradually readjusts as voluntary

intake increase. Thul, ' ‘eserves can occur during

lactation under a wi y: : At ‘a and Galligan, 1989).
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that includes q’timu atory proteins (G) and ihibitory G proteins (G).
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dramati¢ally increases the lipolytic respond to catecholamines in lactating cows
(Sechen et al., 1990). This change in the response to catecholamines is evident within
15 h after the initiation of growth hormone treatment and in observed regardless of
whether animals are in a positive or negative net energy balance (Etherton and

Bauman, 1998).
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Effcets of bST administration on carbohydrate metabolism

Growth hormone has numerous tissue effects related to carbohydrate
metabolism. This is of particular importance in the dairy cow in which glucose
originates almost exclusively from gluconeogenesis and typically 60-80% of the
glucose tumover is used for milk synthesis. Treatment of cows with bST increases the

rate of glucose irreversible loss and rédice§ whole body glucose oxidation (Bauman et

al., 1988). These adaptations.in glicose pn Cat d oxidation in bST-treated cows
are quantitatively equal to"thevextra ’ Qhe increased milk synthesis.
Hepatic rate of glucone i : -- reatment of dairy cows as
demonstrated by in viv i e' -; ctal, 1992). Mechanism include
\ hus the reduction in hepatic
response to insulin in bS redte sk \ o sustain an increased rate of
gluconcogenesis that is cfiti A Gk {'the increase in the synthesis of milk
components. In contrast, grgWth. one ment had no effect on liver glycogen
concentration in lac‘atmg cattl » 0 t“ y balance, although growth hormone
treatment did include-2small d exrease in consiliil gat _'-; energy balance (Knapp et
e 3

al., 1992). Liver glyc g2 3 wrle": 0 increased glucose output

1

by the liver in lactating cows
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Effects of bST Administration on protem metabohsm
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The effects of growth hormone on growth and protein metabolism depend on
an interaction between growth hormone and somatomedins, which are polypeptide
growth factor (70 amino acids) secreted by liver and other tissues in response to
stimulation by growth hormone. Little is known about the effects of growth hormone
on protein metabolism of domestic animals compared to lipid or carbohydrate

metabolism. It is clear that growth hormone treatment increases muscie protein
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accretion in growing animals and milk protein synthesis in lactating cows. However,
the precise mechanism are not clear, and the extents to which the effects of growth
hormone on protein metabolism are direct or mediated by insulin-like growth factor-1

(IGF-1) remain unciear.

Effects of bST adminisiration on biood fiow

In dairy cows gn : reased cardiac output 10% and
entdvitha i maercase in milk yield. Similarly,

blood flow has increased duamfiS gtewih hormeo “-stration in goats and on some

occasions blood flow in@fCas€il'w : ‘ ; ’c 12 ._; increase in milk synthesis,

mammary blood flow 3

which implied a direct k, 0 blood flow to the mammary

gland. Although the precis€ nicchanis 7 0 «i ow to the mammary gland is

controlled is uncertain, \ Nat autoregulation via increased
metabolic activity in the mg SRR key @omponent. To do this will require
elegant experiments in which ‘1* SC ace of events is measured in relation to

administration of gr__-i'., i "growth hormone is having

an effect on mamm®% vbl )
g il rl'
as a result of the ine eased metabolic a\,tivity in the' mammary gland (Peel and

Ba“m‘”ﬂum wﬂmwmm
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Treatment with bST cause a dramatic increase in the uptake and utilization of

autoregulation that occurs

nutrients for the synthesis of milk. However, it has proven to be difficult to document
specific mechanisms. At the cellular level, the magnitude of the biochemical changes
would likely be small, and mammary epithelial cells, which are actively secreting milk

component, are difficult to maintain in vitro because of their high rates of metabolic
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activity. Nevertheless, the pattern of response to exogenous bST and the change in the
shape of the lactation curve indicate that bST effects involve both an increase in the
rates of milk component synthesis per cell and an improved maintenance of secretory

cell (Etherton and Bauman, 1998).

Maintaining higher rates of milk synthesis requires a greater nutrient support.

Some have suggested that the increageli ary rate of milk synthesis was merely

ammary tissues that allowed for a

greater supply of nutricnissdos-theiammlary Slandiseys ct al., 1997). However, it is

clear that simply increasiug self dose not mimic the effect of

n\

bST on lactation perfogai@n )y zather, bST is a homeorhetic

SR A ) volving both nutrient supply

\: iversion of cardiac output and

control that results in a @60
and mammary utilizatio

an increase in blood flowfo the/mammaryigland that parallels the magnitude of the
4 A )

milk response to exogenous s_ : ‘

The mech e

rowth hormone affedfs mammary gland function

—
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is still uncertain bu the ‘. F system. Several lines of

ogenous somatotropin dose nomact directly on the mammary
¢ v/
gland (Peel ; ?mﬂmrjﬁ;ﬂb[ﬁ?sed on the association
between bST and -1 primary. Implicating -1 in bovine galactopoiesis includes
. ‘ — o .
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mammafy tissue during periods of bST administration. Administration of bST to

evidence indicate tha

lactating cows causes an increase in concentration of IGF-1 in blood (Davis et al,

1987).
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There are abundant type I and type II IGF receptors in bovine mammary
tissue, and IGF-1 addition to bovine cell culture systems increases casein synthesis
(Burton et al., 1994). In contrast, attempts to detect growth hormone receptors in
bovine mammary tissuc have been unsuccessful, and only a very low level of
expression of growth hormone receptor mRNA can be detected. Close arterial infusion
of the mammary gland with bST had no effect on milk yield , whereas close arterial

infusion of IGF-1 or IGF-II stimulatesgmilkyyield. A role for IGF-1 is also consistent

with observations that IGF-1 n,'__'_: atically lood flow to the mammary gland,

wn of nitric oxide (Etherton and

and this effect appears t !
Bauman, 1998). / ,

Growth hormone and

Water is the mostfimpottattauts .\\. attle. It is required for all of
3 s

life's processes-transport of co ounds to and from cells; digestion

and metabolism of nutrients; 5{ waste materials (urine, feces, and

respiration) and exce§s & jon) | : odf;

fluid and jon balafioll

: maintenance of a proper

"Ji environment for the

developing fetus (M y, 1992). A loss of 20 percent ﬂhe body water is fatal.

The tﬂ :L)deivlv;gr :{tlltgnlt Z]daj |cal1ﬂg6 to 8?% of their body weight
(Mmpa, WZ“ aw m Ea Gg body's water
content.4Cows in early lactation have more body welght in water (69%) than cows in

late lactation (62.4%) with late-gestation dry cows intermediate in body water content
(64.7%) (Andrew et al., 1995). Fat cows have a lower water content than thin lactating
cows, and younger, leaner animals have a higher water content than older animals

(Murphy, 1992). Reid and co worker {(1955), described the constancy of the fat-free
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matter (FFM) in growing cattle. The FFM contains water, protein and ash and these

proportions remain relatively constant.

Body water is divided into intracellular and extracellular compartments.
Intraceliular water is the largest compartment, accounting for about two-thirds of the

water in the body. The extracellular fluid comprises water around cells and connective

and Trenkle, 1986), whilg

\\.. in gestation had 10 to 11%

(Andrew et al., 1995). \ in the rumen was estimated
to be 61 minutes in shegf 2 62, \\t a1ry cattle (Woodford et al.,

1984).

Loss of water from the }ff‘ cours:th ;" ilk production, urine excretion,

fecal excretion, sweat, and vape e lungs. Water losses through milk of

k __.________7 an, 1992), 29%, and 26%

0
It haﬁeﬂrﬂ‘)tﬁiﬁ i ﬁ w;g;m sﬁm?antly increased body

water of animal§ldue to lower body hpxds (Chxhard et al.,, 1991.). The study in human,
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is associfited with reduction in total body water (TBW) and extracellular water (ECW).

cows producing 33k

of total water intake

Suggestion a low TBW could be explained by a lower ECW compartment (Binnerts et
al., 1992). Several other studies directly measured ECW, but not TBW, with variable
reports of low ECW, a proportional decrease in ECW corresponding to a decrease in
fat-free soft tissue mass (FFSTM). In GHD aduits, GH therapy appears to increase fat-

frec mass (FFM) and decrease fat mass, thereby improving body composition. A study
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the effect of GH replacement therapy for 4 and 52 weeks on body water distribution
by Janssen and co-worker (1997) showed patients with GHD had significantly lower
ECW and TBW than healthy controls. Four weeks of GH treatment significantly

increased body weight, TBW and ECW. A further increase in TBW, but not ECW,

was found after 52 weeks of ireatmenit.
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