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Effect of Alteration of Light—Darkness Cycle on Nitrogen Retention in he Rat

Mi Kyung Kim

Dept. of Food & Nutrition, Ewha Womans University

=ABSTRACT=

The effect of alteration of light-darkness cycle on the protein metabolism was studied in
the rat. The light-darkness cycle was altered either every 3 or 9 days, and aninals consumed
diets containing 8 or 259% casein. The results were summarized as follows :

1) Food consumptions and body weight gains of the 25% casein groups were higher than
those ofthe 8% casein groups, and, among the animals consumed 25% casein diet, the light-
danhness cycle altered group had lower food consumption and body weight gain than the
unaltered group.

2) Weights of liver and adrenal gland per 100g body weight were not different with the
dietary protein levels, but, at the end of experimental period, the 8% casein diet group of
which light- darkness cycle altered every 9 days had the smallest liver weight and thelargest
adrenal gland weight.

3} Liver nitrogen and plasma protein concentrations of the 25% casein groups were slig-
htly higher than those of the 8% casein groups.

4) Percentages of nitrogen retention of the 25% casein groups at period [ were slightly

lower in the light-darknerr cycle altered animals than that of the unaltered group.
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Table 1. Classification of experimental animals
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w2l 2 1587 15% casein Holz AFANE A%
o] 111+1.7g0] =& =, A F| #et ¢35 3)(Rand
omized Complete Block Design)e] 2|3} FobA
£ AlA g i, 3dvtet FokE WAAITIE T 9
Qrtet FobE HAAIAE ToB L AT 8%
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Groups * il;tg;‘;ﬂsaﬁirlaitgigxtl— darkne- Diets Feeding periods
CL1 Not altered 89% casein diet 2 days
CLT ” ” 20 days
CLTI ” ” 38 days
LI Every 3 days ” 2 days
LI ” ” 20 days
Lm " " 38 days
9 LI Every 9 days ” 2 days
L : ” " 20 days
L m ” ” 38 days
C HI Not altered 259, casein diet 2 days
CHT " ” 20 days
CHII ” ” 38  days
H1I Every 3 days ” 2 days
HT 1" ” 20  days
HI ” " 38 days
9 HI Every 9 days ” 2 days
9 H i 14 ” 20 days
9 Hm " " 38 days

: Control, L : Jow proten,

C H : high protein
1 : Diet was given for 2 days and sacrificed.
I : Diet was given for 20 days and sacrificed.
i

: Diet was given for 38 days and sacrificed.
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Table 2. Composition of experimental diets
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Ingredients Diets 159% casein diet 89% casein diet 25% casein diet
Corn starch 770 ¢ 840 g 670 g
Casein 150 g 80 g 250 g
Cotton seed oil 40 g 40 g 40 g
Salt mixture® 40 g 40 ¢g 40 g
Vitamin A.D. mixture? 1 m¢ 1 mg 1 mg
Fat soluble vitamins!® 2 mg 2 mg 2 m¢
Water soluble vitamins!? + + +
Vitamin B, ;¥ 1 m¢ 1 mg 1 m¢

< ~ e

Table 3. Food consumptions *

Expt. periods I i il

Groups \ (g/2days /rat) (g18 days rat) (g718 days/rat)
cL 24.2 + 0.8 ™ 221.2 + 4.4% 271.8 + 13. 8°
3 L 21.1 +1.93b 214.2 + 5.8°¢ 293.7 +27.0)
9 L 20.6 +2.1b 222.6 +18.9%¢ 282. 4+ 18. 1%
C H 27.8+1.5%2 297.3 + 9.5% 388.2+19.4°2
3 H 22.7 +0.8 3 265.8 +10.5 2 347.9 425, 1%
g H 20.7 +1.5° 258.1 + 9. 223bc 337.0 + 22. 63

* Mean + S.E.

** Values within a column not followed by the same letter are significantly different at

a = 005 level by Tukey’s test.
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Table 4. Body weight gains*
Expt. periods I I I
Groups (g2 daysrat) (g/18 days rat) (218 days rat)
CL 6.7 + 0.5° ** 30. 7+ 4.0° 17.4 + 50°¢
3 L 6.7 + 0.7° 24.0+ 4.4 22.8 + 6.2
9 L 55+ 0.7° 24,0 + 5,7° 19.6 + 6.9¢
cC H 121+ 112 100.1 + 342 60.9 + 6.4°
3 H 111 + 042 97.6 + 2.9% 46.9 + 6.1
9 H 9.8+ 0.82 95.0 + 362 476 + 4.9%
* Mean + S.E.
# Values within a column not followed by the same letter are significantly different
at a =0.05 level by Tukey’s test.
Table 5. Liver weights™
I It m
Total liver(g) g/100g body . . 100¢ bod:
weight Total liver(g) gé‘le?goftb(’dy Total liver{g) g/weigght ocy
Aok P S
clL 6.50 +0.42% [4.82+0.23N.S.| 6.67+0.63° | 4.25+0.27% | 6.93+035° |3.70+0.10N-S:
3 L 604 + 0.60° |4.6140.17 5.474-0.57" 3.57 017" 6.48+0.75Y | 3.29-4-0.34
9 L 567 +052¢ [4.46-+0.12 563+0.57% | 3.69+0.152® | 5044050 |2.9040.15
CH 757 +0652b |4.944-0.10 10.974+0.92% | 420+0.11%" | 11.94+0.57% | 3.70-+0.20
3 H 7.79 +0.54® |4.83-+0.06 9.874-063% | 3.88-4-0.142" | 10.234+0.382 | 3.2840.09
9 H 7.59 05120 |4.70+0.12 9.46+0.522 3.86+4-0.14%0 | 10.004+-0.28% |3.254-0.13
* Mean + S.E.

*kk

Values within a column not followed by the same letter are significantly different

at a= 0.05 level by Tukey’s test
Not significant at a« = 0.05 level by Tukey’s test
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Table 6. Adrenal gland weights ®
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o} 8% casein

Expt. periods I i m
Groups Total gland mg100g body| Total gland | mg,100g body Total gland | mg100g body
(mg) weight ({ mg) weight ( mg) weight
CL |2194+15.45|163+15NS. |2368+159°™ | 149+07N.S. |3228+151° | 153+072P
3 L 2512 +17.6 19.5i 1.7 288.0+26.32b 191+17 276.2+21 2b 14.8+1.13b
9 L |2254+182 [178+14 22444136 | 155-+23 3134+172% | 1894193
CH 270.6 + 7.7 18.2-+16 399.2+389%2 15.4+1.3 414042422 12.8t0.7b
3 H 284.8+22.8 179415 397.8+2462 15.8+0.9 405.4 +28.42 131+1.0P
9 H 250.8 +-28.6 156.7+1.6 3984 +40.62 16.31+1.0 415.2+18.9% 13540.7°
* Mean + S.E.

*%

gk

Values within 2 column not followed by the same letter are significantly different

at a=0.05 level by Tukey’s test.
Not significant at a=0.05 level by Tukey’s test

Table 7. Liver nitrogen concentrations®

(unit: mg N /g powder)

oo 2z period 1 I m
CcL 93.4+ 5.4 N.S. ** 752 4+ 6.1b *** 1006 4+ 10.0NS.
3 L 96.3 + 4.0 99.2 + 223b 1000 + 9.9
9 L 941 +20 9%.0 + 46°2P 1030 + 4.2
C H 103.8 + 5.1 1175 + 582 1225 + 1.0
3 H 106.8 + 3.1 102.9 + 1052 1261 + 1.5
9 H 1113 + 4.9 1202 + 2.8% 1213 + 3.0

* Mean 4 S.E.

#* Not significant at «=0.05 level by Tukey’s test

*%* Valueswithin a column not followed by the same letter are

significantly different at a = 0.05 level by Tukey’s test
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Table 8. Plasma protein concentrations and albumin/ globulin ratios *

\Ejpt . periods I I I
Groups Protein conc. | Albumin/ | Protein conc. Albumin/ Protein conc. | Albumin /
(2,100ml) globulin (27100 ml) globulin (g,7100 ml) globulin

cL 6.3+ 02N.S** 2.09+0.50 N.S.| 6.3+0.4P ***| 1 42+0.14N8. | 6.7+0.3® 1.69+0.09N.S.
3 L 6.14+-0.4 1.49+0.13 71405% 1.6740.17 651058 2.16+0.12
9 L 5.9+ 0.4 1.874-0.34 764032 1204017 6.8+0.20 1.87+0.34
CH 6.3+ 0.4 2.05+0.15 75+033 | 1.87+0.12 814022 2.52+0.62
3 H 6.3+ 0.4 1.63+0.33 7.3+02b 2.34+0.29 7.340.22b 2.12+0.36
9 H 6.9+ 04 2.12+0.12 9.3+0.92 2.554-0.92 7.7+0.23b 1.92+0.36

* Mean + S.E.
** Not significant at a=0.05 level by Tukey’s test
*%x% Values within a column not followed by the same

at a=0.05 level by Tukey’s test.

Table 9. Urinary and fecal nitrogen excretions *

letter are significantly different

{ unit: mg ~day )

Expt. peri
\ xpt. periods I I it
Groups Urinary N Fecal N Urinary N Fecal N Urinary N Fecal N
CL 306+16Y** | 22241820 | 2794+ 23° | 204+ 13 IfI*S* Qa7+ 75% | 1754 14NS.
3 L 25.8+25¢ 17.4412% 311+ 2.3° [1744+ 31 440+ 580 | 207414
9 L 22.241.7¢ 164416" 322+ 3.0° | 189+ 238 346+ 520 | 153427
C H [636+462 2754222 | 1905-4189% | 2L8+ 256 2079+ 3502 | 220412
3 H 46.1 +4.5? 21.4+1620 | 119.2+10,8° | 224+ 19 2874+ 326* | 22543.0
9 H  [63.9480% 2004+18% | 1422+14.8° ] 199+ 16 2437+ 13.8* | 20.9+35
x+ Mean + S.E.

*¥

a=0.05 level by Tukey’s test.
*x* Not significant at a=0.05 level by Tukey’s test.

Values within a column not followed by the same letter are significantly different at

Table 10. Percentages of nitrogen retention * (unit: %)
Expt. periods
Groups I I it
cL 65.7+ 18¢ ** 726 +1.4 N.8, *** 735 + 4.2 N.S.
3 L 67.4 + 2.1°¢ 72.7+3.8 721+ 26
9 L 710 + 2.3b¢ 70.0 + 3.2 700 + 2.9
C H 829+ 102 735422 713 + 3.8
3 H 85.2 + 0.72 77.4+1.2 58.9+ 7.3
9 H 78.7 + 26°P 74.2 +3.0 59.3 + 4.4
* Mean + S.E.

#*% Values within a column not followed by the same letter are significantly different
#%% at a=0.05 level by Tukey’s test
Not significant at a= 005 level by Tukey’s test.

—278—



5| v ated @A EA Bk FopdAel £t
e 3w P A7el et K[l &
2+ 999,

duo o) 512 A 4w d ke Table 96 A8} o)
SA S gAel e FopiA TEel Aglert 2 oF
ol o er dHa Aol Vehlx Ggkm, =
WAXH el &5t Aol AAl7le] Qo] BT F F
23

ALAR YA A £Ha dlwo o) wAdRFS A5
T A4RFFo R BUY AW ALRFEL

1o
ARET 7L wmA veignl dlwim s A) FopHA
2 3t 25% casein¥Eo] W& AL Re] Fgiv
el AREEst w2l 276 sz
A FopyA o 7 qlsle] whwiA o] L FHo] HolH L

.
SRt

& ket

2) 25} 3419} A5 0067 A= Ao
4ol B Aol &+ AR F
AE A H4A e FAL LTl A% Al
U Rale] Al 9LTol AR Fe

3) 28 AaFEe PR NAEEE
casein 50| 8% ¥5le] ohh = AL Ro
Fg o Foki A A= FY

4) AU A4 R-G5o Aaln YA 25% casein

L
N
o
2
B

2

~

3

-~

4)

5

6)

7

8)

TET FobdA T8l FopdA A FHAglol Bt 9)

REFERENCES

Christie, G. A. : Nutritional and metabolic asp-
ects of circadian rhythms. In ; Newer Methods
of Nutritional Biochemistry. V :1-32, edited
by A.A. Albanese, Academic Press, NewYork,
1972. ‘

Berman, A. & Melizer, A.: Metabolic rate :
Its circadian rhythmicity in the female domestic
fowl J. Physiol. 282 : 419-427, 1978.

Gibson, M.J. & Krieger, D.T. : Circadian Cor-
ticosterone Thythm and stress response in rats
with adrenal autotransplants. Am. J. Physiol.
240 : E 363-366, 1981.

Quabbe, H.: Twenty four hour pattern of gro-
wth hormone secretion in the Rhesus monkey:
Studies including alterations of the sleepAwake
and sleep stage cycles. Endocrinology 109 : 513
- 522, 1981.

Wurtman, R.J., Rose, C.M., Chon, C. & Larin,
¥.: Daily rhythms in the concentration of am-
ino acids in human plasma. New Engl. J.
Med. 279: 171, 1968.

Feigin, R.D., Beisel, W.R. & Wonnemacher, Jr.
R.W.: Rhythmicity of plasma amino acid and
relation to dietary intake. Am. J. Clin.  Nutr.
24 : 329- 341, 1971.

Fernstrom, J.D., Wurtman, R.J., Hammarstrom
-Wiklund, B., Rand, W.M.,, Munro, H.N. &
Davidson, C.S.: Diumal variations in plasma
concentrations of tryptophan, tyrosine, and
other neutral amino acids : Effects of dietary
protein intake. Am. J. Clin. Nutr. 32 : 1912-
1922, 1979.

Dela, M.G.: Shift working : The arrangement
of hours on night work. Nature. 208 : 1127 -
1128, 1965.

Hughers, D.G. & Folkard, S. : Adaptation to
an 8- h shift in Living routine by members of
a socially isolated community. Nature 264: 432
- 4384, 1976.

Martin, C.M. : Transient circadian internal de-
synchronization after light- dark phase shift



in monkeys. Am. J. Physiol. 232 : R 31- 87, acid utilization in the adult rat. J. Nutr. 102:
1977. 825 - 834, 1972.
11) A g - 7304 : Ao]u] wheiAzl FBa4Fo] FF 14) Sun, C. L.: Comparison of the effects of 2-
o] Fe, Cu R Zn tAlol] uj]= o33k, dhFookst deoxyglicose and immobilization on plasma
3]%|. 15(4) - 258- 267, 1982. levels of catécholamines and corticosterone in
12) Hawk, P.B., Oser, B.L. & Summerson, W.H. : a wake rats. Endocrinology 105 : 306- 310,
Practical Physwlogical Chemistry. PP 1219 - 1979.
1221. McGraw - Hill Book Co., New York, 1965. 15) Farese, R.V.: Early effects of ACTH on adr-
13) Smith, E.B. & Rambaut, P.C.: Effect of alte- enal protein synesis. Endocrinology 78 : 125 -
ration of the light- darkness cycle on amino 136, 1966.



