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Dual Effects of Calorie and Protein Restricted Diet Supplemented

by Sugar on Albino Rat.

Hyun Kyong Lee, Sock He Kim.

Ewha Womans University, College of Home Economics,
Seoul, Korea.
= Abstract=

This study was designed to compare the effect of dietary intakes on different quality protein
& levels of caloric consumption supplemented by sugar at the level of 26% of total caloric intakes.
30 males and same number of females of Albino rats, aged 30—40 days were devided into
following six groups, 5 rats each.

ACO Group: Ad libitum, Casein, no sugar group

ACS Group: Ad libitum, Casein, 269% sugar supplemented group

RBO Group: 50% restriction,Bean, no sugar group

RBS Group: 50% restriction, Bean, 26% sugar supplemented group

RAO Group: 50% restriction, Anchovy, no sugar group

RAS Group: 50% restriction, Anchovy, 26% sugar supplemented group

The rats were kept in individual cage and given 6 different diet for 12 weeks.
The result of this study were elucidated as follow. Body weight gained and organ weight
showed no significant differences between sugar supplemented group and the others,

It was noteworthy that the shrinkage of female sex organ supplemented by sugar in the
diet showed lower degree than that of compared groups in this study.

In other word, degree of shrinkage due to protein-caloric restriction was decreased by sugar

supplementation.

Nitrogen Metabolism and total nitrogen retention were not observed any significant differences
between sugar supplemented group and the others.
Dental caries showed higher incidence for sugar supplemented groups.

Hematology and bone growth showed no differences in this study.

The similar results on the metabolic effects concerned the above view points were obtained in
the different protein groups such as bean & anchovy as protein sources in the diet.

Caloric restriction produced a lower growth-rate, lower body weight and poorer long bone
growth. But composition of bone ash, concentration of nitrogen, calcium and blood glucose,

liver fats and liver water content maintenanced at the same levels of standard group.
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B Rl ¢ £84 olshe AL wESAATY 9 Doy el JFE BERC) bz A¥EE

24P Az 25 iAol F gy my o #oluh A el & TS Yt
P.E.R. value® 1lrhi gl o}, 1
E 6—1. Dietary protein qualitys} 4#235-% %9 P.ER ¥ F.ER.9 uAE 93 ()
.w“ Casein z 7 = o x5 s 2
Group -~
ACO AC S RBO‘RBS R A O R A S
A5 ~2%5 i !
AEEAY g 32.2 24.3 9.7 } 14.4 | 12.3 - 11.5
AeldA% g 98.1 81.0 49.1 5 50.3 49.1 49.1
F.E. R. 0. 3282 0. 3000 0.1568 0. 2863 0. 2505 0.2342
P.E.R. 2.0515 1.8750 0.9801 1. 6840 1. 5657 1.3777
F12593 TR
F.E. R. 0.18154+0. 0395(0. 1818=+0. 0318(0. 13972-0. 02450. 14040, 0300'0. 1329 0. 0278/0. 16020, 0193
P.E.R. 1.1341:£0. 2602/1. 14150, 1991,0. 8159 4-0. 17930, 8262+ 0. 1721,0. 8305-£0. 1737)0. 8432:+-0. 1705
{
E 6—2. Dietary protein quality7} 423+ 38 P.ER. @ F.ER.4 vlXE 95 (&)
W Casein | T O F | R I
Group |
— ACO AC S R B O RBS | RAO|RAS
AT ~275 | |
ASEHE g 42,3 38.4 19.9 17.5 | 22.1 15.7
Aol Fe g 112.5 90.1 57.5 1 56. 2 35.1
F.E. R. 0. 3760 0. 4262 0. 3461 0. 3097 0. 3932 0. 2849
P.E. R. 2.3500 2.6637 2.1630 1.8220 2. 4577 1.6761
12593374
F.E. R. 0.2265:£0. 0353 0. 24240, 043000. 1853+0. 0096{0. 1840-0. 03020, 2102=:0. 02840. 1968-£:0. 0448
P.E.R 1. 3632-0. 2488 1. 51470, 2536/1. 1576 £0. 1926/1. 0822--0. 1776(1. 313520. 1756|1. 0955:0. 2814

D. A A oiab
A A& B{Ee (B 7-D3k (& 724 2
=8} o] AlolAlgk Groupe] vt Control Groupe] A]
B 80%0] A4S vehilndeh. A& m§ke Con-
trol Groups} 4ol A|gF GroupAleld] @,8 =% &
A ztelst slel FA4& vhebgon (0. 01)121
1o AT GroupA o] A& sugar supplemented Group

o 2,3 mFdA ¥eARe meni et
L LE RS
Aole) g AFHE Ao} Aold] B AR S

Lo

A Bl A A4 w-feF 49

o
[3 s IR =
Aoz debel &, 2o AF F4Hd T WA
Groupa}ol a4l == B2 =9 a GroupAbo] ol Al 1

= sugar supplemented Groupz} ©}& Groupale] el

SAlA F4E vepiam gl ]1%.9_‘% *10179]?1'
Groupz} Control GroupAle]ldl= $2)4 Aol &

zola gvth,

(B 8= (& 3—2)llAl 2e atebzde] A9
& TREFL 2,8 254 AAxes 28 3
Eo] ACO Groupsl ACS Group& A9 wl<$sta

9 _ (267)



- 1 1 1 1 i L 1 'y e - 1. —-LO A Searempo- 1 1 L 1 -
N B N S e S N e NN AT M ¥ 0 2 3°4 5 6 7 8 10 12
a8 2—1. P.E.R. Values () a8 2—2. P.E.R.Values (&)
T 7—1 AdAL 243 ¢ 242358 (D
1 3 2 3
Group + 27 | =2 4 % | 2 % #% | 2 % %
g/day % g/day %.
A CO 0. 3459+0. 2210 91. 001. 40 0.2813%0. 015 85. 61+2. 41
A C S 0. 30720, 2188 92.63+1.15 0.24830.0020 90.18+1.22
R B O 0. 1575 0. 0067 86.54%1.96 0.1334%0. 0141 84.080. 94
R B S 0. 1749+ 0. 0050 87.07+3.19 0.1393+0. 0138 83.89+2. 06
R A O 0. 1536+0. 0173 83.87+1.63 0.13030. 0114 81.99+2. 35
R A S 0. 1659-£0. 0092 86.10+1.45 0.142240. 0112 84.51+2. 48
" 72 AW A& 4% 2 Az 2{E (B)
~ 1§ 2 3
Gmh % | = % & | = % % | 2 # =%
g/day % g/day %.
A CO 0.4181+0. 0269 92.08+2.33 0.4213-0.0150 | 84.762. 00
A C S 0.3718::0. 0245 85.08+2.13 0. 3258:+0. 0260 84.88+1.70
R B O 0.1884:+0. 0147 84.63+2.04 0.2333:0. 0067 90.63+1. 36
R B S 0.208240. 0141 88.42+2. 33 0.2470-+0. 0130 89. 8642 00
R A O 0.1944+0. 0140 84.79+0. 83 0.2196+0. 0028 85.134-0. 90
R A S 0.1973+0.0144 85.5642. 87 0.2239-0.0115 80.57+0. 89
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RBO Group ¢} RBS Group 2ttt o+ RAO g o] #H=}al7F low-protein dietol] = 235171 98-
Group®] RAS Groupr e}l o Agkegich, 2 = protein synthesis®] &l E w73 o a2 3 Aok
71 A}el 8] Apo] B »wl Spleens}t Muscled £ 3HsF FEgc},
o] =0m Braino] wjmd oAyt E. Hematology.
o] 4] Azle 2T F44q AolE molxd @Eny (B 913k (B 92904 2E HPQV""] Group
o 5 Avfe] FRE ALY FEE AelAlge] v Zre] 27k Aol glov fAolA @oket.
t}2 protein F4e] i FEgE A ¢E AF F 50%2  Ao]AIgke] v whul A g E, E sugar
< Bk a8y AAY Groupdz 2= HAY supplementationo] hematologyel = Wz I o4 &%
Al = glo] Liver, Kidneys, Spleencl] AL Aol AR 25la ¢k, dHbH 0 = proteinyd o gEASE
Groupe] Control Group Bv} 2 & 3Hf-2Fe] Eoivh Alo] 2 who. Ag-FEolv}l 3x}o] A microcytic ane—
28} Livers] 2, ACS Groupst RAS Group mia® 1} hypochromic anemia®7} ¢l ulohE £ ]

(p0. 01) & A 3tz e F2
QAT Aolg 14l

E@%E-‘}

= o] elglt}l. Proteinz-
7} A = labelled

9o

ol X A Azs) dX5A g},
= 10—1)3 (& 10—2)= M.C.V., M.C.H.,, M.
C.H.C.9] Value® »odF3 gvb. »E Groupd 4

amino acidz A ¥ A3} normal dietd =gl A ‘] o] Wintrobe¢] Standard Values] s =4 #lejuk
FENA 2o} 22%Y proteind FHIzT Y e ] srzmgie}.
H 8L AN A4 TR () mg/g drywt
Group)|
\ACO\ACS R B O R B S R A O R A S
Organ .
Liver b 96.88+5.84] 100.36=+1. 58“ 106.62+0.64| 107.2544.05 108.40+3. 30; 112.00£2.49
Muscle 121.50+1.70, 108.64%+5.60] 120.40x1.70] 120.4013.90; 114.25-+1. 101 118.1543.95
Brain 84.00+0. 00| 82.90+2.25] 82.85%2.25 82.3042.80 82.85+L2. 25't 84.000.00
Kidneys 99.70%5. 601 99.70+4.50] 110.90+£4.50; 110.9044.50| 107.00+2. 80l 112.60£2.80
Spleen 121.00i5.60l 116.50i4. 50l 122.05+3.35 118.75+2.25! 123.20%0. 00! 121.50+1.70
H 82 719 A& R (B) mg/g drywt.
Group |
\ACO A CS | R B O R B S R A O R A S
Organ |
Liver 109.76+2.97] 112.02+1. 51] 117.80%2.08 115.95+0.55 112.44+3.53 110.30-7.75
Muscle 124.90+1.70] 124.90%+1.70; 131.00+5.60| 119.854-3.35 121.50+1.70] 155.70£5.60
Brain 80.1012. 80 80.65+2.25 77.30£1.100 73.95+2.25 80.10£1.70; 77.80+2.80
Kidneys 109.80+5.60] 110.90=+1.10, 112.00+1.10, 107.50+4.50/ 112.00+3.40; 121.55%1.70
Spleen 115.90£1.70 116.45i3.45' 123.75i1.47‘ 119.30-+3.90| 123.7540.55 119.30%1.70
 9-—1. Hematology ()
\ R. B. C. W. B. C. Hb Hematocrit
Group
10/mm?, 103/mm? g/100ml Blood *
A C O 6.99061+:0.7214 | 10.8750£1.7271 14.21+0.5 40.3%+2.2
A C S 6.99251:1. 0692 7.7200%+1.9367 13.5%0.3 47.3%2.4
R B O 7.6800+0. 0960 10. 0100=0. 9039 14.7X£0.4 40.6x2.8
R B S 8. 07501+ 1. 0298 10. 3750+1. 4085 13.8+0.5 37.1£1.8
R A O 6. 6725+0. 8375 7.3600£1. 4741 13.840.4 38.2+1.4
R A S 6. 5250+ 0. 7867 9. 06000, 9155 13.8x1.0 40.74+1.3
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£ 9—2.

Hematology (&)
\\ R. B. C. W. B. Hb Hematocrit
‘Group
10%/mm? 10%/mm3 g/100ml Blood *
A CO 6. 7450+ 0, 8267 10, 15001 6231 14.9:+0.5 45.3+1. 4
A C s 7. 87000, 0984 10. 780011, 7031 13.1+0.4 40.4%2.0
R B O 5. 75000, 3201 9, 380040. 5217 14.4+0.7 44,3%+1.4
R B s . 8. 80751, 1524 7.6800+1. 0857 14.3240. 8 37.9x1.7
R A O 7. 93504-0. 6037 6, 94003, 0800 14.240.5 41.5+3.1
R A S 8.2413+1.5288 10, 040041.7901 12.840.5 33.1%£1.9

* Volume of packed red cells in ml per 100ml blood

o) hypoproteneméa%— doA sz gFAGE N
e B o AR & Aols did

=3} Livery Muspleﬂ iTotal Lipids& iﬂvéz‘,’_—'ﬁﬂ-
g3 mhatbA s Al Ao ggds ol =g A
= Liver Lipids Livele] dietary proteing] & ¢]v} ok,
AYFE #d 4 9FE 4 e R
238 QX)) =3 starvationhy 7-x]uke] 7H&oF
@91 7he Terrioned) Axjz® GRJhe}, »30 22
Jow-protein, high-sugar diete]] 4 liverd]] lipidsgHzko]
Zrlgtebe BaE 9t} 263640 E3] protein level

Bhe 4§l o) sucrosedd 2 7} S7Fetol @k liver lipids

E 10—1. M.C.V.,, M.C.H.,, M.C.H.C. (®)
m M.CV. | MCH. | MCHC.
: Cu gx1012 %
ACO 57.6488 20. 3130 35.24
ACS 67.6439 19. 3064 28.54
RBO 52.8646 19. 1406 36.21
RBS 45,9443 17. 0898 37.20
RAO 57. 2499 20.6819 36.13
RAS 62. 3755 21. 1494 33.91
E 10—2. M.C.V., M.C.H., M.C.H.C. (&)
m] M.C.V. | MCH | McCHC.
Cul gx107%2 %
ACO 67.1609 22. 0904 32.89
ACS 51. 3342 16. 6455 32.43
RBO | 77.0435 25. 0435 32.51
.RBS 43.0315 16.2362 37.73
RAO 52. 2999 17. 8954 34.22
RAS 40.1636 | 15.5315 38.67

M.C.V. : Mean of Corpuscular Volume
M.C.H. : Mean of Corpuscular hemoglobin

M.C.H.C. : Mean of Corpuscular hemoglobin Co-

ncentration.

F. Livere] L.=siatgl Muscledt Livere] Total

Lipids.

(Z 1) 4 2xule} ko] Groupitels] ol
28] Asx &gteh. Petersst RS AolAAE
&£ AgdeznA W2 ZAVY water levelo] 3
29 =Fdl4 Adrenals, Brain, Heart, Kidneys,
Liver, Spleen®& <29 $94dq 2518 2y
q;}_. 38>

=3t edemat undernutritiond] X gy} HHN= 3}
vl o] protein Aoz <A blood plasmafy

(270)

o &g ZAtE 4PAIAE ol AXA HF
a9t

T 11. Liverd k4o4E

%

m 2 &
ACO | 74054071 % 75.3240.61
ACS 70.18+3.39 74.33+2.31
RBO 72.64:+0. 62 75. 280. 50
RBS 73.00£0. 86 74.08:£0. 45
RAO 75. 06 £2. 00 73.000.86
RAS 78.02:+1.62 73.47+2.34
G. =5
(% 13> A okt o] R,85 =HF Sugar

Supplemented Groupsij A F31ggAe] ko] ielyt

. @ 3k o], Control Groupr el 4 o)A g}
Groupe] B-& 7Agg nqlth. £31%& X0} growth
1} Calcificationst= Fzo] ¢lrh. 2 )& $Ud4
9 8 &= g}k dental plaqued] §l+ bacteriad)
93 A E acide] o}, 2 sugart AL B =F
ol plaque?] PH7} 345 £8l#0]: enamel demin-
eralization=} J&Eﬂ_% ‘plaquef’,] W 3loll Qalel B} 2@

=3 Rosemary: sucrose’} fructoserl glucoser v}

— 392 —



E 12 Liver Total Lipids @ Muscle Total Lipids

% 2 i )
Group Liver Muscle % Liver Muscle
g/100g Liver] g/100g Musclej g/100g Liver g/100g Muscle
A CO 11.7841.38 14.431+2.09 [ 15.8240.98 11.46+0.26
A C S 14.03%+1.29 14.14+0.26 16.98+1.15 14.0440.60
R B O 14.244+1.08 14.78+0.33 14.52+0.45 12.58-0.70
R B 8 13.55+1.84 17.0240.82 13.50%£1.42 11.48:0.84
R A O 13.42%0.97 16.7240.13 14.05x1.51 11.1240.33
R A S 14.7840.43 14.66+1.06 13.85%0.55 13.5440.34
Fddes X8 degrtn wE b it 9 (0. 0DF 713 Calclum¥FEd & Fi
i 13. = =] g g9t o] A4¥9 F -k Protein-Calorie
T deficient subject?) long bone& dubd o 2 well-fed
m ® S Control2 s} 2 Rolrt Zokehe whe 4898 254
A CO 0.0 Lo Qg ® 2 B 47 A%E 1w digez
A C S 5.0 2.6 sugar intakes} Bone Growth$}l mineralizationd] 1
R B O 0.0 1.6 ¥ ZEYnE 93-S 7AxE govh low-protein
R B S ] 1.8 3.6 dietel] /] = poor Bone Growth& A& Jhebdl v}, 20
R A O 0.4 0.6 =3 4o]A|8 Groupe] Control Grouprrvl =&
RAS 0.4 1.8 A A & CaRwel EHE 2ask dEA O E A

H. Femur Growth % Bone Ash®} CalciumClA}

(& 1004 nEuls} 7ol Femur Length® ¢
A g Groupe] Control Groupd] vjs] Axrgde = =
& HA-g wolm Yeh (p0.01)

(F 15)¢} (% 16)2 Bone Ash® g% I Bone
Calcium=} Blood Total Calcium$& ERAA o]t}
2,8 R A F=pdA Groupe] Caseinolyd X
83 Groups] ¥ W& Ash®) g%E JElz
91vt. Bone Caz} Blood Cax 2 axt%3  Groupd)

%+ undernutrition 4re]o]4] Controld Z& A EH
mineralization-& 7t7) $15) overcalcificationo] <ok
protein deficient Ar=}ol4] boneo] compactE o 2
225k, Cao] proteind] & T4/ sHtdee
AL oln] el Yk shelvk X AP G A
Groupzte] Ca leveld] ol aE B glylch

B 14. Femur Length

= j &

Group \

23 Group® o %-& 73 ekl o}, Sugar Supplem- ACO 3.3040.08°™ | 3.60+0.03™
ented Group—a-;q— D]-J"—E'_ Groups /l}.o] o)) }ﬂT‘:. 0_‘1‘-7\1-_04 ACS 3.2040.08 3.46+0,02
Aeloh 948 1 Aol 28] AGAL Soud 5 RBO 2.90-£0. 03 3.180.06
29 Groupd] 4] Bone Cac]y) Blood Ca 2% Sugar RBS 2.80£0.07 3.160.02
Supplementation3t GroupSo] =o Askg uelch, RAO 2.90+0. 04 3.18+0.04
o149 BB 2 AoAke] Bone Growthal s 4 RAS | 290+0.09 3.23+0.05
" 15. Bone Ash®l g% % Bone Calcium
"o % S
Group ! Bone Ash g% { Bone Ca Bone Ash g% i Bone Ca
% mg/1gAshj % mg/1gAsh
A CO 55.48+1. 00 285.37+£11.22 52.15:+2.08 269.72+ 5.78
A C S 53.97+1.27 286.97+x 7.35 53.7441.19 280.56+ 4.04
R B O 46.18%2.34 252.77+£14.17 49.8540.94 274.68+ 3.74
R B S 49.09-£4. 06 260.52+ 4.06 47.59+2.27 269.54+ 9.66
R A O 53.2040.37 269.87+ 5.34 53.30£0. 45 274.684 3.74
R A S 50.99+0. 25 268.”27‘*_‘ 1.07 59.66%5.33 274.95+ 2.41
— 33 — (271)



T 16. Blood Total Calcium

i 17. Blood Glucose
mg/100ml serum ; mg/100ml serum
Grop = | s Gt | ® ®
A CO 9.0+1.0 8.0%£2.0 A CO 196.0+44.0 150.5+37.6
A C S 9.0+1.0 9.5+1.5 A C s 153.0%+49.0 158.6+17.6
R B O 8.54+0.5 10.0+1.0 R B O 104.5+ 8.5 148.04+21.0
R B 8 9.0£1.0 7.0%1.0 R B S 125.0%13.0 206.0+£74.0
R A O 10.0£1.0 8.0x1.0 R A O 106.5%10.5 135.0+ 7.9
R A S 11.0+1.5 8.5+0.5 R A g 168.5+31.5 142.4+ 9.7
I. Glucose CHA}
A8 ofol 23 Control Groupdl] A= Sugar V. 2% X 88
Supplementatione] Blood Glucoses] =ZAl 4 8F& 7
A& ot YolAlgt Groupl A& Sugar Suppl- L dFadE FdF 439 26%4Y Sugar
ementationo] Blood Glucoseo] €3¢ vjd 2% & Supplementation2. 2 ZH4¢ w4l sl & 4T
1 A

£ +3§ 2952 vk 28 o] vl &l A Urinary
Glucose= Sugar Supplementation® Z o] ¥z &
& 3] E nolx &zl Blood Glucosed Group
2oz vlmel 2o} 32 4o A Groupe] Control
Group¥ v} %2 A4S 2o v}® F-oxqdxtE ¢4l
t}. 9yt ¢ = protein-calorie deficiency+= endocrine
# enzyme activityS ¥ 7 K] # 4] ‘Blood Glucosez A
2} abnormality® ZHF{eHPm &t o]4ky A==
Blood Glucose: ¢# 4ol &l glo] = EF3l=3 normal
value® A& FA3z A§& 45Uk Urinary
Glucose: B¢l AukH oz 26 w3 & 730
. 139 29 RAO Groupe] RBO Groupd] »]&)
f9d02 E3hes (p(0.01) 39 ACS Group o]
RBS Groupell uls] §2dc2 w9t (p0.05) &
9 Ui Grouped 29 GroupE: Al A=

o £¥E =E Ad
IO ERNEL R RE R P

£ 2AE 3

B

ks

qgRow

odal Rl & it AR A4 Aok F

23371

Sex organ-&

JdAAE 4 &
Groupaloldl <& el 3o
Az gaAldes fo4el At gd&
4ol A o} Fo] 2o = organd] F
%35 2= oF& Sugar Supplementation o &
AR ggid. aa
olvh AR W TRt U

g Groupo] vt
7} eyl

Clsin
2719 FA
Agkelu] R4

®ol zra

Adel vfAe B FF
49 &

H] ;.5

o} Zu} 714¢) Sugar Supplementationg 3§ Group
3} ok Groupaleld] W= & Aolsb glgle. 27
v $x)9 QJF A Ee Sugar Supplementationgt
Groupe} 272
2] Ao A wot® kA Fel 9 F Aol el

o =

A& Vel ¢ v}, Bone Growth

el A& 2+ g W %z 925 Blood Hematology® 2-& 7 8o
I 18 Urinary Glucose
3 @ 5
Group - 1 3 2 3 1 3 2 3
mg/day mg/day] mg/day mg/day
A C O 2.1502+1. 069 4.781+0.749 4.5004-0.703 7.438+2.489
A C S 3.025+1.260 3.188+£1.411 4.325+0.616 5.890+0.994
R B O 2.030%0. 265 3.625+1.163 6.275+0.587 5.42540. 818
R B S 3.969+1.112 3.031+1.183 6.200+0. 402 4.850+0.793
R A O 4.700+0.713 4.4754-0.977 5.125+0.992 4.475+0.384
R A S 3.200:0.740 5.67511. 869 3.375+0.885 4.438+0.449
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