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SUMMARY _

Growth performance, some serum constituents and slaughter mea-
surements were studied following long-tenn insulin injection in sheep.
Twelve Saidi lambs (12 weeks old) were divided into two groups, 2
control group with no msulin treatment and the other group was injected
daily with 0.75 TU msulin per Kg body weight during the experimental
period (28 weeks). Insulin injection increased significantly (P<0.01) body
weight. Lower (P<0.01) serwn glucose concentration was observed in
msulin treated ammals than in control at wk 3 of the experimental peroid.
Insulin injection decreased serum protein, giobulin and tnglycendes
concentrations by about 6% (P<0.03), 13% (P<C.01) and 18%,
respectively.  There were no significant differences between the two
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oroups of animals in serum urea-nitrogen, cholesterol and GOT

concentrations. Insulin treatment increased slaughter body weight and
empty body weight by about 10% and 9%, respectively. Among viseral
organs, insulin produces anabolic effects on spleen, liver and lungs, but not
on kidney. Insulin treatinent increased the weights of kidney fat, caul and

omental fats.
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INTRODUCTION

Insulin is the only hormone that
directly lowers blood glucose
(HADLEY, 1934). Inaddition, in-
sulin, plays unportant roles in the
synthesis of fat (GREEN, 1983;
MAY and MIKULECKY, 1983;
WALTON & ETHERTON, 1986)
and protein (HARVEY and KAYE,
1991; LEWIS et al., 1992). In
sheep, LOBLEY 11992) found that
exogenous insulin had no anabolic
effect when ths animal fed above
maintenance intake. However, the
anabolic effect of msulin may be
more affected by the dose in-
jected. In rats, JEPSON et al.
(1988) suggested that insulin ac-
tion on protein metabolism may be
more related to plasma insulin
concentration. Similarly KOBEISY
(1994) found that insulin (0.75
[U/kg per day) administration
increased (P<002) fresh tissue
weight of the total digestive tract
by about 24% in sheep. Also,
SAKATA et al. (1980) found
higher mitotec index of rumen
epithelium as a result of infusion
(6 h) of insulin (0.125 TU/kg per h)
in sheep. Apart from this, there is
no .available information on the
long-term effect of insulin on
blood metabolitics and slaughter

measurements in ruminants. The
objective of this investigation was
to examine the long-term effects of
msulin {0.75 iwkg per day) on: a)
growth performance, b) serum
constituents, particularly serum
glucose, and ¢) slaughter meas-
urements in sheep.

MATERIAL AND METHODS

This study was carried out during
the winter and spring seasons in
Animal Production Experimental
Farm of the Faculty of Agriculture,
Assiut University Twelve, 6 males
and 6 females, Egyptian native
lambs (Saidi) at the age of 12 wk
were randomly assigned to two
treatment groups, similarin aver-
age body weight, a control group
(A) with no insulin administration
and an insulin-treated group (B),
injected with 0.75 IU msulin per
kg body weight daily. Insulin dose
was calculated weekly according
to body weight. Insulin (Nova In-
dustria, Denmark)was admimistred
subcutaneously at about 10.00 h
daily, 2 h after moming feeding.
Animals were fed 6025 of their re-
quirements a3 concentrate while
the rest was uiven as roughage
{containing 1:1 wheat straw and
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bersem). The concentrate diet was
consisted of corn (40%), cotten-
seed meal (25%), wheat bran
{32%). limestone (2%) and sediuin
chloride (1%). The daily require-
ments of growing lambs were cal-
culated according to GRAHAM
(1982). Body weight was recorded
weekly, before moming feeding.
The trial conducted 28 weeks.
Blood samples were taken from
each amimal at selected weeks (3,
6.9.12.76.20 & -27). «of the ex-
erimental period. Samples were
collected at 09.00 b before msulin
njection. Serum was then sepa-
rated by centrifugation at 3000
pm for 15 min and stored at -20
°C until analyzed. Serum glucose
and urea nitrogen were determined
using  kits supplied by Diamond
Diagnostics (Egypt). Total protein
was detenmined using suppled by
bio meneux (France). Albumin
was determined using kits sup-
plied by Bio Analyncs (USA)
Triglycendes and cholesterol were
determined using kits supplied by
Sclavo Diagnostics (Traly). Glu-
tamic oxaloacetic transaminase
(GOT) was determined using kits
supplied by Boehninger Mannheim
(Germany). )

At the end of the expenment,
four animals (2 males and 2 fe-
males) from each treatment were
slaughtered, 2 h after moming
feeding. Slaughter and empty body
weights, the weights of head, feet,
pelt. spleen, liver, kidney, lungs,
kidney fat, caul and omental fats
were recorded. Body weight and

serum  constituants were statisti-
caly analyzed according to

HARVEY (1987} computer pro-
gram. Slaughter measurements

vere analyzed using general linear
model (GLM) procedures of SAS
(1982).

RESULTS
Results are presented in (Tables
1 and 2) and Figures (1 and 2).

DISCUSSION
Growth performance:

Injection of insulin resulted in a
9% increase (P<0.01) in body
weight of lambs (Fig. 1). Average
daity gam were 91.17 and 111.12
g/d m control and insulin-treated
lambs, respectively. Such effect
could mainly due to the anabolic
effect of insulin. GARDNER and
KAY (1991) stated that insulin has
both long-term growth effects and
short-term  anabolic  effects on
various cell types in vivo. Similar
anabolic effect was reported in
rumen (KOBEISY, 1994; SAKATA
et al 1980), colon (KOBEISY,
1994}, mouse embryos (CARO et
al. 1987) and bovine granujosa
cells (SPICER et al. 1993). In-
deed, insulin mcreased both num-
ber and size of cells. GARDNER
and KAY (1991) found that insulin
increased cleavage by 10-20%
when added to medium. On the
other hand, insulin stimulated
growth of cells through promoted
incorporation of amino acids into
protein (KRAHL, 1961; CARQO et
al. 1987; HEYNER et al 1959,
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increased fatty acid
from glucose or from acetate or
pyrovate, and inhibits libolosyis
(KRAHL, 1961; OLEFSKY, 1977,
GREEN, 1983: MAY and MIKU-
LECKY, 1983; WALTON and
ETHERTON, 1956).

Serum Constituents:

Long-term insulin injection dec-
reased (P<0.01) serum glucose by
about 48% at the third wk of the
experimental period. Such effect
was observed at 9 and 12 wk of
the experimental period, but it was
not significant. Otherwise serum
glucose was not affected by
insulin injection or even slightly
increased at the end of the expen-
mental period m msulin-treated
amimals (Fig. 2).

At the initigtion of insulin
treatment serum glucose rapidly
decreased, this effect 1s a principal
immediate response to insulin,
where it is the only hormone that
directly lowers blood glucose level
(HADLEY, 1984). KRAHL (1961)
stated that insulin mcreased the
rate entrance of vanous sugars
into the intracellular phase of
muscle. However, insulin stimu-
lated glucose metabolisim inde-
pendently of effects on transport
ALAY and MIKULECKY, 1982)
by enhancing certain enzymatic
steps of glucose metabolism
(DENTON et al. 1981). MAY and
MIKULECKY (1983) suggested
many approaches 1o show the ef-
fect. of insulin on lucose metabo-
lism. 1, insulin lowered intracellu-
lar glucose 6-phosphate concen-

synthesis,

trations, due to activation of phos-
phofructokinase. 2, insulin in-
creased CO, production from glu-
cose. 3, insulin decreased gincose
level in the intracellular phase to a
value less than expected if trans-
port  alone was stimulated by us-
ing H,0,, which means increased
metabolic flux.

On the other hand, a possible ex-
planation for the apparent de-
crease insulin-sensitivity in cells of
insulin-treated lambs towards the
end of the experimental period
might be due to, first, decreased
insulin receptors as insulin con-
ceniration increased (HADLEY,
[984), second, long-term insulin
imjection (28 wk in the present
work) might caused B-cell de-
cranulation (this needs further
study), third, the nonovin insulin
used in this experiment might be
immunogenic in lambs For this
reason, in human, the human
sources of insulin must be used
when the nonhuman sources of in-
sulin prove to be immunogenic,
and now the DNA recombinant
technology, using sequences of
DNA encoding for the A and B
peptide chains of insulin which
ligated separately into the Es-
cherichia coli B-galactosidase
gene, provide a plentiful supply of
human insulin /HADLEY, 19584).
Serum total protein concentraticn
was significantly (P<0.05) lower in
insulin-treated lambs than in con-
trol.  Insulin injection decreased
serum total protein by about 6%
and this decrease was inainly due
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to the decrease (P<0.01})n serum
globulin concentration rather than
serum albumin (Table 1), Insulin
plays an important role i the con-
trol of protein synthesis in muscle.
In the intact antmals, the admini-
stration of exogencus nsulin de-
creased plasma amino acid concen-
tration (AHMED et al., 1983,
LOBLEY, 1992) through active
transport of amino acids into mus-
cle, consequnfly increased protein
synthesisfHADLEY, 1984, HARVEY
and KAYE. 19885, HARVEY and
KAYE, 1991; LEWIS eral., 1992)
which m tum a positive nitrogen
balance (KRAHL, 196]). In
addition, the lower serum protein
of treated animals in ths
experiment may be due to not only
mcreased protem synthesis but also
decreased the rate of protein
breakdown. HADLEY (1984) re-
ported that anuno acids and glu-
cose cannot enter muscle cells n
the absence of insulin, which re-
sults m protein catabelism. Consis-
tent  with this during starvation,
lower insulin level, BROCKMAN
(1984) reviewed that protein syn-
thesis decreased and proteolysis
increased in the hindquarters of
sheep. i

Serum urea nitrogen was slightly
lower m insulin-treated lambs than
in control (Table 1). Similarly,
PRIOR and CHRISTENSON
{1978} found that nfusion of rapid
mjection of insulin into ewes did
not alter plasma urea-N.

Sernim cholesterol concentration
was not affected by msulin ad-

mimistration  (Table 1). KRAHL
(1961) reported that in the case of
msulin deficiney the synthesis of
cholesterol 1s not impaired.

Insulin injection decreased serum
triglycerides concenfration from

'59.25 to 48.61 mg/dl (Table 1).
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Such decrease miay be due to the.
mcrease of lLipid synthesis 1n
treated lambs (GREEN, 1983;
MAY and MIKULECKY, 1983,
WALTON and ETHERTON,
1986). Glutamic oxaloacetic tran-
saminase (GOT) was not affected
by insulin injection (Table 1).
Slaughter Measurments:

Insulin mjection increased
slaughter body weight and empty
body weight by about 10 and %%
respectively. Also, head, feet and
pelt were heavier in treated ani-
mals, but not significant (Table 2).
Among visceral organs, msulin
produces anabolic effects in sleen,
liver and lungs, but not in kidney.
Similar result was reviwed by
KRAHL (1961).

The weight of kidney fat, caul
and omental fats showed always
higher wvalues 1 insulin-treated
lambs. Such effect could mainly
due to the increase in lipogenic
rate as a result of insulin injection.
In the absence of insulin, lipogenic
capacity was decreased approxi-
mately 75% after 48h of culture
(ETHERTON and EVOCK, 1986).
In addition,  msulin can inhibit
epinephrine-induced  lipolysis
(BROCKMAN, 1984).

In conclusion, long-tenn insulin
injection increased body weight
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and this result may suggest that in-
sulin increased fat and protein
synthesis in sheep. Insulin de-
creased blood glucose, butlong-
term injection may dacrease insu-
lin-sensitivity in cells, so that the

ACKNOWLEDGEMENTS

In the preparation of this paper
the authors are indepted to the
advice receved from Drs. M.
Shafie and M. Younis (Cairo Uni-

own sources of insulin must be
used in similar case.

versity)

REFERENCES

Ahmed. BM. W.G. Beigen and N.K. Ames (1983): Effect of nutritional
state and insulin on hind-limb amino acid metabolism in steers. J.
Nutr., 113: 1529-1545.

Brockman, R.R. (1984); Pancreatic and adrenal hormonal regulation of
metabolism. In: Control of Digestion and Metabolism in Ruminants.
LE. Milligan, W.L. Grovum and A. Dobson (Eds.) pp. 405-419, A
Reston Bock, Prentice, Hall, Englewood Cliffs, New Jersey 07632,

Caro. CM.. A Trounson and C. Kirby (1987): Effects of growth factors
in culture medium on the rate of mouse embryo development and
viability in vitro. J. In vitro Fertil. Embryo Transfer 4: 263-268.

Denton. RAL., RIV. Brownsey and G.J. Belsham. (1981)- Diabetologia. 4:
347-362 (cited by May and Mikulecky, 1933).

Etherton, T.D. and C AL Evock. (1986): Stumulation of lipogenesis
bovine adipose tissue by msulin and msulin-like growth factor. I
Anim. Sci. 62: 357-362.

Gardner, HG. and P.L. Kaye (1991) Insulin increases cell numbers and
morphological development in mouse preimplantation embryos in
vitro. Rep. Fer. and Dev. 3(1): 79-91.

Graham, N McC. (1982): Maintenance and growth. In: Sheep and goats
production, Coop, L.E. ((Ed.) Elseveier Sci. Publishing Company,
pp. 81-99. the Metherlands.

Green, A. (1983): Glucagon inhibition of insulin-stimulated uptake by rat
adipocytes in the presence of adenosine deaminase. Biochem. J.
212: 189-195.

Hadley, AME. (1984): Pancreatic hormones and metabolic regulation.
In‘Endocrinology. pp. 233-263, Prentic-Hall, Inc,, Englewood
Cliffis, New Jarsy.

Harvey, M.B and P.L. Kaye (1938 Insulin stimulates protein synthesis
in compacted mouse embryos. Endocrinology, 122: 1132-1184.

Assint Vet Med. J. Vol 33 No. 63, April 1995




78
INSULIN INJECTION, GROWTH PERFORMANCE, SERUM & SHEEP

Harvey, hiB. and P.L FKave (199]): Mouse blastocysts respond
metabolically to short-term stimulation by tmsuhn and IGF-1 through
the nsulin receptor. Molecular Reproduction and Development, 29:
253-258. :

Harvey, iFR. (1957): User's gude for LSMLMW Pc-1 Version. Poly-
copiz Ohic State University.

Heyner, S., L.V. Rao, L. Jareti and R. AL Smith. (1989): Preimplantation
mouse embrvos correlations. Dev. Biol, 134; 48-58.

Jepson. MAL., P.C. Bates and D.J. Millward. (1958): The role of msuiin
and thyroid hormoues in the regulation of muscle growth and protein
turmover in response to dietary protein in the rat. Br. J. Nut. 59: 397,

Kobeisy, M.A. (1994): Effect of long-term insulin administration on some
anatomical and physiological characteristics of the gastrointestinal
tract 1 sheep. 8 th Sci. Conf. Amim. Prod ., November 14-16, Cairo,
Eapr.

Krahl, M.E. (196]): The action of insulin on cells. Academic press. Inc.
New York.

Lewis, AAL F.L Kaye, R Lisng, RD.A. Cameron. (1992} Stimulation of
protein svnihesis and expansion of pig biastocvsts by insulin in
vitro, Rep., Fer. and Dev ., 4: 119-123

Lobley, (G £ (1592 Control of the metabolic fate of amino acids in
ruminants. A Review . Amim. Sci. 70; 3264-32735.

May, JAl and D.C. Mikulecky. (1983): Glucose utilization in rat
adipocytes. The interaction of transport and metabolism as affected
by msuln. I Biol. Chem. 238: 4771-4777.

Olefsky, JAL (1977): Mechanisins of decreased insulin responsiveness of
large adipocytes. Endocrinology, 100: 1169-1177.

Prior, RL. and R.K Christenson. (1978): Insulin and glucose effects on
amino acid metabolisin in pregnant and nonpregnant ewes. J. Anim.
Sei. 40: 211.

Prier, RL. and S.B. Smith. (1983): Role of insulin in regulating amino
acid metabolism in nonmal and alloxan-diabetic cattle. J. Nutr.
113:1018.

Sakata, T., K. Hikosaka, Y. Shiomura and H. Tamare (1980): Stimulatory
effect of insulin on ruminal epithelium cell mitosis in adult sheep.
Br. I. Nutr. 44; 325-331.

SAS. (1952): SAS user's guide, Statistics. SAS Inst. Inc., Cary, NC.

Spicer. L.1.. E. Alpizar and S.E. Echiernkamp. (1993): Effects of insulin,
insulin-like  growth: factor I, and gonadotropins on bovine granulosa
cell proliferation, progesterone production, estradiol production,

Assiut Vet Med J Vol 33 No. 65, April 1995




80
KOBEISY & ABD EL-ATI

and(or) insulin-like growth factor [ production in vitro. J. Anim. Sci.
71: 1232-1241.

Waiton, P.E. and T.D. Etherton. (1986): Simulation of lipogenesis by
insulin in swine adipose tissue: Antagonism by porcine growth
hormone. J. Anim. Sci. 62: 1584-1593.

Table 1. Effect of insulin injecticn on some serum constituents in sheep.

Item Treatment a,b
A B S.E
Total Protein (g/dl) 8.12¢ 7.63d 0.17
Albumin (g/dl) 3.85 3.92 0.10
Globulin (g/dl) 427e 3TLE 0.20
Urea-nitrogen(mg/dl) 16.30 15.34 0.47
Cholesterol (mg/d}) 75.82 77.82 2.69
Triglycerides (mg/dl) 59.25 43.61 3.01
GOT (uw/) 25.04 24.10 0.93

a, Values are least-squares mean and SE = standard error;
b, Treatments : A= control; B= .75 iu insulin /kg BW daily.
c,d (P<0.03); e,f (P<0.01).

Table 2. Effect of insulin injection on weight (kz) of body components in sheep.

Item Treatment 2.b

A B §

Slaughter body weight | 35.35 + 3.15 | 3830 £ 2.17 .
Empty body weigh 3042 + 2.93 A T

Head 2.05 +0.17 2.16 + 0.16 |

Feet 0.93 + 0.07 0.33 + 0.03 |

Pelt 499 +0.23 5.30 £ 0.16 !
Spleen 0.05+000a| 0.C6 £ 0.000
Liver 0.62 + 0.06 0.68 + 0.07
Kidney 0.10 + 0.0l 0.10 + 0.01
Kidney fat 0.19 + 0.04 0.31 +0.13

Caul fat 0.13 + 0.03 043 +0.19 |

Omental fat 0.23 + 0.05 0.29 + 0.08 |

Lungs 0.45 + 0.03 0.50 + 0.02 |

a; Values are least-squares mean + standard error,
b, Treatments; A= contrl, B= .75 iu insulin/kg BW daily.

¢,d (P<0.03).
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Fig. 1. Effect of insulin injection
on body weight of sheep
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Fig 2. Serum glucose concentration in
lambs as influenced by long-term
insulin administration.
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