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Compensatory Nutrition-Mediated Lactation Potential and

Milk Protein Gene Expression in Rats

Kim, Sang Hoon®
Depariment of Biology, Kyung Hee University, Seoul 130-701, Korea

ABSTRACT

The abjective of this study was to determine the extent to which the compensatory nutrition regimen modulates lactation
performance and milk protein gene expression in the first and second lactation cycles. Female rats(28 days of age) were assigned to 1)
control, ad libitum: 2) stair-step compensatory nutrition{SSCN) regimen, an alternating 3-2-3-4-week schedule beginning with an
energy restriction diet(40% restriction) for 3 wecks, followed by the control dict{ad lhitum) for 2 weeks and then alternanng
another 3-4 week feeding regimen. The SSCN rats were received an overafl 20% energy restriction(average from all stair-step
periods) compared with the conventionally fed control group. Rats were bred during the first weck of the second realimentation. All
pups were weaned on day 21 of lactation. About 1 week after weaning, all dams were mated for the second pregnancy. Mammary
tissucs were obtained from pregnant and lactating rats during the first and second lactation cycles. During these lactation cycles, the
SSCN group had a 11% increasc in average lactation performance over that of control. The SSCN group had significantly increased
levels of milk protein gene(a- and B-casein) expression in mammary tissues during the first lactaion cyele compared with those of
the control group, During the second lactation period, the levels of milk protein gene expression in lactating mammaty tissues of
the SSCN group were also higher than those of the control group. These results suggest that the effects of compensatory grawth
imposed at an early age extend to the second lactation cycle with regard to mereased lactation performance and milk protein gene

expression. (Korean J Nutition 33(7) | 697~702, 2000)
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Table 1. Ingredients and chemical compasition of experimental di-
ets of rats
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Ingredients” Control S5CN?
g/g diet

Ingredient
Casein 200 334
DL-methionine 3 5
Sucrose 500 285
Corn starch 150 85
Fiber 50 835
Corn oil 50 129
AlN mineral mx" 35 55.5
AlN vitamin mix" 10 16.7
Choline bitartrate 2 3.3

Chemical analysis
Crude protemn, gkg 180 314
Gross energy, Mlkg 189 19.6
Digestible energy, Mikg” 17.0 17.6

1) All ingredients were purchased from !CN Biachemicals(Costa Me-
sa, CA).

2) 55CN = stair-step compensatory nutrition

3) Consists af calcium phosphate(500g), sodium chloride(74g), po-
tassium ciirate(220g), magnesium oxide(24g), potassium sulfate(52g),
manganous carbonate(3.5g), ferric citrate(6g), zind carbonate(1.6g),
cupric carbonate(.3g), sodium selenite{0 01g), potassium fodate(0.
01g), and chromium potassium sulfate(0.55g) per kilogram of mix-
ture and sucrose 10 make Tkg

4} Consists of thiamineHCI(G00mg), riboflaviniG00ma), pyridosineHC
(700mg), nicotinic acid(3g), D-calcium pantothenate(1.6g), folic acid
(200mg), D-biotin{(20mg), cyanocobalamin(lmg), vitamin A(400,0001L),
vitamin E{5,0001U), vitamun D3{2.5mg), and vitarnin K{5 Omg) per ki-
logram of mixture and sucrose to make Tkg

5) Digestible energy = 0.9 gross energy
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Fig. 1. Compensatory growth scheme of female rats. Weaning fe-
male rats were assigned lo eilher conlrol or stair-step compensatory
nutritlon(SSCMN) groups. The contro! group was led a diel containing
18% crude protein and 17 digestive energy Mlkg thraughout the tn-
al period. The SS5CN group was fed accarding to an alternating 3-2-
3-4 week schedule beginming with an energy restricion dieti40%
energy restriction) for 3 weeks fallowed by a control dietiad Iibitum)
for 2 weeks as shown zhove.
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234 total RNA(20pg/lane)S 2mol/L formaldehyde
7t ¥ 1.2% agarose gel& °]&dte] Ar|9Ed &
nylon membrane2 2 Ao|3l% o Rat casein cDNA
(Dr. Jeff Rosen, Baylor Medical College. Houston,
TX 7152 plasmid vector25%E debale probe® A
23513tk Membrane2 50% formamide, 6% Denhar-
dt’s, 0.2% SDS7F &44-5 buffers} ) 42704 34 7F
Eot o HR-A1 T, Denatured cDNA probe%£ ran-
dom priming method (Multiprime DNA labeling sys-
tems, Amersham Corp., Arlington Heights, I1., USA)
£ o]&3ted (o-"PIdATP= label A Al of#]fh-28 me-
mbranes labeld cDNAS} 7)) 427004 17417 9184
7T}, ¥k3 & membraned 5X SSPE. 0.5% SDS7F %
¥ bufferg o]88he] A2 28 AFs}a 1X SSPE,
0.1% SDSS ol&ale] 37TelM 2wl 2712 HAstc]
Membrane -700Co4 intensifying screens 7139 X-
ray 284 =F*A autoradiography® vH densito-
meters o&-sto] FHATE A5t

3. D=L =E0t Western blotting A

T4 Z2% hand-held tissue grinder® ¥¥31 7 24
&k F sonication AZ vt 12,000xgollA] 1087 $1412g]
3l ARV ES AAT F 523 did $5E Brad-
ford WP g ol &t EAEY & wilE (30pe/
lane)2 sodium dodecyl sulfate-polyacrylamide gel
(SDS-PAGE) & ¢ &35} 7|95 § nitrocellulose
membrane®.2 Ae|FHr}, 0.5% bavine serum albu-
min® = membrane2 blocking*|3) % rat casein® ¢l
23z a3kl (Charloite 8. Kaetzel, Case Western
Reserve Universily, Cleveland, OH, USA 72)¢} 41
LA FHG 147 7 PRS2 A5k HRP-labeled anti-
mouse 1gG 3|2} whg-A) 21 B3 ECL western blotti-
ng kit(Amersham Corp., Arlington Heights, IL, USA)
& AbgSte] owlE SE2E EALSFILH o-actin(Sigma-
Aldrich Co. St. Louis, MS, USA)E 9145l= g2 T
g 9] Ihading®e HAECL.
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Table 2. Daily pup gains and lactation performance over two lac-
tation cycles of rats fed a control diet or on a compensatary nu-
trition regimen

Response variable Number of o SSCN™
dams, n
Daily pup gamn, g/d
First lactation 22 23540107 2 h44+0.14%
Second lactation 10 2334014 2.7440.19*
Estimated milk yield”, g/d
First laclation 22 2680103 31191112
Second lactalion 10 2852+1.42 35.04%7154*
1" Mean £+ 5.D.

21 Significanily differant between two groups(*p < 0.03)

3) The control greup had free access o diet: the SSCN group was
subjected ko an allernating energy-restricted and energy-realimentat-
ion nutrition regimen, SSCN = stair-step compensatary nutrition.

4) Milk vield an day 15 of lactation was eshimated by the stepwise
forward multiple regression equation as follows: vield = [0.03224+
(10667 x weight) 4 (0.877 x gain)l x 8, where vield 1s total milk yiald
per litterig). Weight s average pup weight on day 15 of lactation(g).
gain is average rate of pup weighl gain on day 15(g/Ad). and 8 s litt-
er size on day 15 of Jactaton(Sampsan DA, Jansen GR  Measure-
ment of milk vield in the lactating rat from pup weight and weight
gaimn. | Pediatr Gastroenterol Nutr 3 613-617, 1984).
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Table 3. The levels of casein RNA transcripts in mammary tissues
during the first lactation cycle”

Pregnancy Lactation
Control 55CN Contral SSCNY
c-casein  405+1.82 4474291 86.61.35" [28.7£2.44%
B-casein  38.4+152 41.2--1.68 81.8+5.69 107.8x6.10*

1} Total RNA which was extracled from individual mammary tiss-
ues was hlotted onto nylon membranes, and hybndized with casein
cDMA. Relative intensity of iIndwidual bands on autoradiograms was
determined by laser densitomely, where specific achivity = relative
imensity per microgram of RMA.

) Mean = 5D, n =25

3) Significantly different between two groups(*p < 0.05)

4 S5CN = stair-step compensatory nulrilian.

Table 4. The levels of casein RNA transcripls in mammary hissues
from the second lactation cycle”

Pregnancy Lactation
Caontrol S5CN Control SSCN*
o-casein  32.9+1.91 3554225 2159+7.37" 250.5£1040%"
R-casein  28.243.32 3194259 18974458 2205 9.27*

1) Totai RNA which was extracted from individual mammary tiss-
ues was blotied onto nylon membranes, and hybridized with casein
CcDMA. Relative intensity of individual bands on autoradiograms was
determined by laser densitomelry, where specific activity = relative
intensity per microgram of RINA.

2)Mean + SD,n=>5

3] Significantly different between two groups(*p < 0.05)

4) SSCN = stair-step compensatory nutrition.
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Fig. 2. The expression of o-, B-casein protein in lactating mammary
tissues during early lactation of the first and second laclation cycles
of rats fed a control diet or subjected to a compensatory nutrition
regimen.(A) Total cell extracts were loaded onto 10% SDS-PAGE.
After transhlotting, the membranes were blocked, and incubated wi-
th monaclonal antibody agamst rat casein. COM = control group,
SSCN = stair-step compensatory nutrtion group. The o-actin was us-
ed to adjusi for difference m protein loading.(B) The relative abun-
dance of casein in cylosol from lactating mammary tissues was del-
ermined from mammary hssues from individoal rats. Values are ar-
hitrary densitometric unil means + 5.0, n = 4, and the control was
set to a value of one in all cases. An asterisk indicales difference
between control and compensatory nutriion group meansip < 0.05).
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