AL A A6H A2z

The Seoul Journal of Medicine
Vol. 6, No. 2, June, 1965
EERER

g7io] AY C-zEg} Aol Bl AL

ol 3k

[+

Effects of Exposure to Warm and Cold Environments on Metabolism of C!4-glucose in Rats
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Constant temperature animal chamber.

Fig. 1.
: Constant temperature water bath.
: Perfusion pump(sigma-motor)

: Double walled animal chamber

: Thermomter

¢ 0y tank

. COy absorber

: Glass beads

1 Stopcock

. Gas circuit

limommoow»

. Water circuit

100 uc & Tracer-Lab A] C4-%

ClU.T=cto| =oIR0H :

e 20mle AAde saae] gute Aol
0.5ml 4 Fstgich FYLd 05ccs] FA 4(total
84,275 c.p.m.o] 3

NEIEZSE

Z-gol glolA wiAldee} 3 o
g S CzEms g
F 2 FeEEAd Y3 100% AtAE FFIEA 4

Ao 97 Trof 3*]7,1- o ZEEgc. AU E
o) A Zhelet mej Aol A 0.2cce] AL ANFH 3N 0.1
ccr ¥®¥E, Olcecck FFEEGY WAy 52 2
z ko] specific activiy(S.A.) ZRo| A&3ds. o
ul eEEAn od?;_lﬂ CO; Fadoziy =7k
CO, 544 o] % CO, 44% ¥ CO, 8l SAF 574
stddeh. A3 31¥°ﬂ Z-AE AEsle] 73R A(glve-
ogen) ¥ %% A3t

Sietx=E G WIASEH

A xxel Ao Somogyill' o} Nelsonl?) g
24319 3 glycogen ¢] =4 5% &4 of += Good, Kramer
3 Somogyi®l WHwe AguEh & O 44T
s A zkel 347 E CO F4Tel EA7 & =5 CO &
NaOH o] F44]#A Na,l 032 wE b2, ol&F ©iA]
BaCl, = AagH oz HAAA BaCO;gRoz du F
AE ZolA ol & BaCO; o] CO g AAkstey mM/
hr/gm 2 A& 33 BaCO3 ¥ 2§ Geiger-Miiller counter
2 35 CHO Sl ASE FR % opm/mgCE A3
gk 3% Txge SA = oA e} A d
0.1cc® Van Slyke-Folchwu}#l o 2 & CO, 2 33}
o] NaOH 2 F 44171 ©+& ol & 4] BaCOz = FHAA|
#A ZA 4(total counts)E Geiger Miiller counter & 74

counts) =

1z A 9l (tailvein)
05ccE JFYdF9dt

O
iy

Fed 0.lcce AW Txggoz At 4AEE
cpm/mg C 2 F ]3¢ ).

A

Ch-zrwpe ddFYd 3 d49 =9 dAHA

o] A 4el(steady state)d A¥7)zF FA U2
ARz 2% 29 e W45 2Ee SA-ADIA
% 1Foz def ojlg el B4 HAEE A%
3ed glucose pool = glucose space & AlAbsti, A1
AebgFA S A &5hed AlAW  glucose pool o] mA &
2 =l 7] (half time, t%—?"— A e v}

Glucose pool(mg/100 gm body wt.)

__ total counts injected(cpm) 180 100
~ S.A. of blood glucose(t—=0) x 72 ><body wt.

glucose pool(mg/100 gm) X 100
mean conc, of blood glucose

Glucose space( %)=

Turnover rate( % /hr)

2 3 3 1 S.A. of blood glucose(t=0)
9875 A. of blood glucose(t=t)

76 — 929



t Chro— 0.693 o
47777 turnover rate of glucose

Glucose consumption rate(mg/hr,/100 gm)
=Glucose pool X turnover rate
Relative specific activity(R.S.A.), & Cl-Z % 5}o] A
71al% C#0: 8] & CO, AAbgel oig E89 Aae
o5 2ok

RSA( % S.A. of respiratory COu(t==0)

S.A. of blood glucose(t=0)
4342 04 SAE 8F 2E9 Y 5§ OO,
o SAS ABFAL AYse] ey oz Tl
Relative glucose disappearance into CO(RGDcoz)
FC0 2 44F Zrgs] I £¥Fo
£ ARe B3t 2o

__total CO; production rate(mM/hr) X RSA
total glucose consumption rate X6

g fAe FARE zrresd slgd COp A4atE
EAEY 3R 22 6EAY] CO; 5 s
—S— CO 29 2% 1}94 E
@ AREY

Crrzg §A% BUFYY Fo| YA Lx7 ¥
= A 1FAA 75+11mg %, A 2FelA 102+£15mg
, A 3TolM 77+9mg % 2 dYTFA A2 Tl A
Sgou Aol Ao 4910F 2 52 A

},n

o

1]

87l 49 Citx

£ Aol BlR e G —
T+ HE Qs
=9 A B4 F=& A 134 5.3+£1.5mg/
gm, A 2-TellA 4.8+1.2mg/gm, A 3FoNA 7.3+£2.2
mg/gmz YTl A Adlegn LTl E Frte
Ak, 43 2= SAL AAFd gt A4H
(exponential 0.2 A }3}s] o] 5 wejs ;o] ¥F
zEge SAe = 22 23 2604 2 u
sh ol el Yeld 4G wiebAY HHA e A
e uoleh olel@ AAVAL FYG CU-Lrciol
AA 9 glucose pool el A T2} 4= 5o wa} 74
ez¥ G5 fuse} det wYAy TrGoz
3 A== A4 & glucose pool ¢ A & (turnover rate)
9 oA Holt Zolm
4% 229 w57t AYARF vlad dASgohs A
Az wot ATol Yol TE BAIGe] AW
T ¥4 el (steady state)F A gl && Lok
2ol glot A uﬁwum T2 Aol 37 »OL
9E pAdgenz 9F LEe SA—A7
AZon st AEd wie} o] Ao E ‘6]-_?_ 2
= X x99 o(glucose poo)E AlArsta A 1A =S
%A1 (first order kinetic eguation)-& A &3}e] = xt}e]
A E(turnover rate) @ T e} mAE9 urFEr](half
time, ;5% A4 w ch3t A2 4AE sk
Al1x D A 2304 & vleb 7o] glucose pool &
AT dHzTol eiA 8=tel9 ¥ Fo] 1544:3.0
mg/100 gm, A} 2-¢e Tl 10wele] H A ghol

4&

AT L

E-4 (kinetic characteristics)-2-

A: First group
B: Second group
C: Third group

Fig. 2. SA of blood glucose and respiratory CO; versus time curve.

Solid line: SA of blood glncose-time curves
Dotted line: SA of respiratory COp-time curves

— 93— 77




— The Seoul Journal of Medicine, Vol. 6, No. 2, June, 1965 —

Table 1. Glucose pool, glucose space and turnover rate of C-glucose(Control group)
Temp Rat Conlc of blood  Glucose Pool Glucose space Turnover co,gf,‘iﬁgiﬁ,n t,
glucosee 7 rate 2
°C No. | (mg %) | (mp (10D | oy | (cor00gm)| (%/mry [rate (MG
1 72 30.1 15.1 41.8 20.9 66.7 10.1 1.04
2 920 26.3 12.2 29.2 13.6 125.5 15.3 0.55
3 65 26.3 12.0 40.5 18.5 127.1 15.2 0.55
4 76 36.2 13.9 42.7 16.5 95.8 145 0.72
First group 5 60 43.8 19.6 73.1 32.2 91.1 179 076
(20°C) 6 92 35.1 13.0 33.2 14.6 96.6 126 0.72
7 65 36.2 17.4 55.7 26.8 85.8 14.9 0.81
8 82 42.1 20.1 51.4 24.4 87.9 17.8 079
mean 75 34.5 15.4 46.0 20.9 95 8 148 074
S.D 11 6.5 3.0 12.6 6.5 19.0 2.4 0.15
Table 2. Glucose pools, glucose spaces and turnover rates C'4-glucose in each grouos
No. of |Conc of blood| ~ Glucose pool Glucose space Turnover co,?;&‘,?;{’;on td
Group glucose : rate rate (mg/hr/
rat (mg %) mg | mg/100gm | cc cc/100gm (%/hr) 100gmy (B0
75 34.5 154 46.0| 20.9 95.8 14.8 0 74
1 8 (+1D (£6.2) (£3.0) (£12.6) (£6.9 (+19.0) (£2.9) i (40.15)
102 64.5 286 | 632 28.0 98.0 28.0 0.71
|
z 10 (£15) [(£85)| (£35) (&13.2) (£50) | (£87) | (£25 | (+0.07)
! 77 35.0 172 | 456 224 \ 81.6 138 0.87
3 8 ‘ (9 (£4.3) (+3.D ! (+4.6)] (£3.D i (£+9.8) (£1.7) (£0.12)

28.64:2.0mg/100 mg, Al 3+ T+ 8zl
HEFke) 17.2+3.1 mg/gmz FYFlA dA3] Frt
e neFolME HEFHA H Aolrt gl A ¥
£ 229 3x7F Tl ddAN HEzFR o 36%
Z7 sl e n 2 ¥ xrlre] 2 ¥EL4(glucose space)-S ol
279 HFH 20.9+6.9% o YT A = 280+50%
2 % U% 9 F7E 249 2 A 37 et
A= 2244+3.1% = H=F7 vl 53 .

HEF QD LFHAE L5F BE L] 429
Ao =79 v]Ed Fog vol AU ZErlo] 4
ZYAARECF) Axetn 1&g 2t &4 &
BEol e A5 3o Tecde] ARWA A £xv
el 2 E4 3kt

FE xr )] SA--AzbFAA e 7]&7](slope)Z gluc-
ose pool & WA E-Z A4 v} (A1 9 A28 AT
o HEFHGE 29 A 1Fo] 95.8419.0 %/hr., A 2 Fql
Al 98.0+87 % /hr, W A 3304 81.649.8 %/hr. ¢
e ngh & ZFo] 9leiA glucse pool & WA E
ol & ¥WAbel 7t ¢19l 2t} glucose pool Wjol A A X
Exjo] AAutoz widsx odx Gl £4=3
gx 7R s, T3y IAEL JFordy A4¢
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off 4 = glucose pool o] 27|77} Frlslgdemz Zxo}
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Table 3. Conversion of C'-glucose into respiratory COz (Control group)
Temp rat weight of Total CO; prod. rate COzK%t Ofo) gﬁé)(fsl;lood RS A (CO:z from glucose|RGDco;
rat O —
o No. (mM/  |(mM/hr [(mg/hr/|(cpm/ (t=0) (%) ((mM/ (mM/hr, .,
¢ ° (gm) hr)}/100gm)| 100gmol . mgC)licpm/mgC)l v 100gm) €%
1 200 3.26 | 164 | 715 840 7000 120 | 0300 | 0195 | 578
2 215 312 | 145 | 638 820 8000 10.2 | 0.318 | 0.148 | 29.0
3 219 35 | 1.60 | 704 950 8000 119 | 0.417 | 0189 | 37.2
Frst 4 259 4925 | 164 | 72.2 1100 5800 189 | 0.803 | 0.310 | 64.3
group 5 297 336 | 1.48 | 653 580 4800 12.1 | 0.407 | 0.179 | 40.0
) 6 270 478 | 164 | 77.8 560 6000 9.3 | 0.445 | 0.165 | 39.3
20" © 7 208 208 | 143 | 63.0 800 5800 138 | 0.411 { 0.198 | 39.9
8 210 310 | 147 | 64.9 480 5000 168 | 0520 | 0.248 | 41.7
Mean 226 354 | 1.56 | 68.6 811 6300 13.1 | 0.464 | 0.204 | 43.2
S.D 24 060 | 0.11 4.9 166 1162 3.0 | 0319 | 0319 | 11.7
Table 4. Conversion of C'"-glucose into respiratory CO; in control group
o Numder | Weight of| Total COz prod. rate C()Szlétgg) fé\ glfuggé RS A |CO; from glucosel RGDcoy
roup ;)zft (;ﬁ) (mM/~ |{(mM/hr [(mg/ _|(cpm/ =0 () @M J@M/Ar| (o)
hr)l 100gm)l 100gm) mgC)l(cpm/mgC) hr){ 100gm)
226 354 156  6.86 811 6300 | 13.1| 0.464 0.204] 415
1 8 (+£24) [(£0.60)/(£0.1D] (£4.9| (£166) | (4:1162) | (£3.0) [(£0. 14)|(F0.05)|(£11.7)
225 438  1.98 8.3 590 3275 18.1] 0791 0353 378
2 10§ (496) I040.42)|(40.20) (£9.0)] (£65) | (£383) [(Z1.21)|(40.03)|(£0.04)| (+5.0)
206 267  1.300 57.21 711 6113 1.7 0309 0151 328
3 8 (£19) (0. 20)[(£0.15)| (6.4)| (£120) | (£720) | (£1.9) [(£=0.04)|(£0.03)| (+4.4
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The role of Cl%-glucose in energy metaboism of rats
were studied in twenty six rats under warm and cold
environment. Rats were kept in a constant tempera-
ture animal chamber of which temperature was
maintained at 20°C in the first control group, the
second group animals were kept at 4°C and the third
warm acclimated group animals were kept at 33°C.

In every run of experiment, hourly blood and respi-
ratory CO. samples were collected after single injection
of Ct-glucose. Bloods gas samples were analyzed for
blood sugar levels, total COz production rates and their
radioactivities.

On the basis of specific activities(SA)-time curves of
blood glucose and respiratory COz in which both SA
decreased exponentially with time, glucose pools, glucose
spaces, relative specific activities, turnover rates of
glucose pool and relative glucose disappearance(RGD)
were calculated by isotope dilution method in each
group.

The following data were obtained.

1. Average blood sugar level was 75+11mg % in the
first group, 102+15mg % in the second group and
77--9.0mg % in the third group. The concentrations
of liver glycogen averaged 5.3+1.2mg/gm in the
first group, 4.84-1.5mg/gm in the second group and
7.34+2.3mg/gm in the third group, respectively.

In the cold acclimated group, blood sugar level
was elevated and concentration of liver glycogen
was decreased compared with the control group.

However, there were no remarkable differences
in the blood sugar level and concentration of liver
glycogen hetween control and warm acclimated

group.

o

. Average glucose pool size was 15.44:3.0 mg/100 gm
in the first group, 28.6-£2.0 mg/100 gm in the second
group and 17.2-4-3.1mg/100 gm in the third group.
Glucose space in each group was 20.9+6.9 % in the
first group and 28.0:5.0 % in second group and
92 4-+3.1 % in the third group, respectively.

Values in glucose pool and glucose space were
remarkably increased in the cold acclimated group.
However there were little differences between warm
acclimated group compared with control group.

3. There were little differences in the turnover rates

of glucose pools between each group, showing 95.84
19.0 %/hr in the first group, 98.048.7%/hr in the
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second group and 81.6--9.8 % /hr in the third group.

However, glucose consumption rate in the cold
acclimated group increased remarkably because of
their larger pool size of glucose.

4. The total CO; production rate was a mean of
1.56-40.11 mM/hr/100 gm in the first group, 1.96-
0.2mM/hr/100 gm in the second group and 1.80-+
0.15mM/hr/100 gm in the third group. Relative
specific activities(RSA) which represent the fraction
of CO; derived from glucose to total CO; production
rate averaged 13.14-3.0 % in the first group, 18.1+
1.2 % in the second group and 11.6419% in the
third group.

The CO; delivery rate from glcose or oxidation
of glucose in the cold acclimated group was rema-
rkably increased because of increases in both values
of total CO; production rate and RSA. On the other
hand, oxidation rate of glucose was decreased in
the warm acclimated group.

The relative glucose disappearances into CO,
(RGD) which are the fractions of glucose oxidized
into respiratory CO; to total glucose consumption
rates were calculated mean of 41.54-11.7 % in the
control, 37.84:6.5 % in the cold acclimated group
and 32.844.4 % in the warm acclimated group.

From the data of RGD in each group, rates of
glucose oxidation were proportionatly increased with

glucose disappearance rates.

REFERENCES

1) Kramer, K.: Chemical heat regulation in extreme,
cold., Klin. Wschr. 22:242, 1943.

2) Sarzana, G.: On energetic material utilized by the
pigeon in its defense against lowering of temper-
ature(In Italian). Arch. Fisiol. Fir, 38:514. 1936.

3) Dontcheff, L., and Schaeffer, G.: Protein are not
utilized in the reflex thermogenesis of rewarming.
C. rend. Soe. biol., 127:1294, 1938.

4) Samaras, K.: The influence of cold on carbohydrate
metabolism. Zschr. ges. exp. Med. 106:510. 1939.

5) Eroz, K., Oezer, F. and Winterstein, H.: Blood
sugar and liver glycogen of cooled animal. Arch.
internat. Pharm, dyn., 8§:63, 1951.

6) Staudinger, H., and Haenel Immendorfer: The
carbohydrate content under the influence of cold

(In German). Beit, Path, Anat, 109:409, 1944.

7) Rossorm: V.Change in blood sugar level in exper-
imental hypothermia. Ann. ttal, chir. 25:124, 1948.

8) Fuhman, F.A. and Crismon, J.M.: Tke influence
of acute hypothermia on the rate of oxygen cons-
umption and glycogen content of liver, and on
blood glucose. Am.J. Physiol. 149:552, 1947.

9) Adolph, E.F.: oxygen consumption of hypothermic
rats and acclimatization to cold. Am. J. Physiol.
161:359, 1950.

10) Truka, J.: Blood lactale and external temperature.
Magy, orv. arch,(Hungarian). 4:139, 1940.

11) Somogyi, M.].: A new reagent for the determinai-
ion of sugars. Biol. Chem. 1960:61, 1945.

12) Nelson, N.J.: Aphyotometric adaption of the Som-
ogyimethod for the determination of glucose. Biol.
Chem.: 153:375, 1944.

13) Good, C.A. Kramer, H., and Somogyi, M.].: The
determination of glycogen. Biol. Chem. 100:485,
1933.

14) Ramazotti, P.: Behavior of Glycemia in experime-
ntal cooling(ltalian). Gior. Clin. med. 25:76,
1944,

15) Baker, D.G., and Sellers, E.A.: Carbohydrate
metabolism in the Rat Exposed to a Low Enviro-
nmenial Temperature. Am. J. Phystol. 174:459,
1953.

16> Vaughan, D.A., Hannon, J.P. and Vaughan, L.N.:
Associated Effects of Diet, Environmental Temp-
erature and Duration of Exposure on the Major
Constituents of the Livers of Rats. Am. J. Physiol.,
194:.441, 1958.

17) Depogas, F. and Masironi, R.: Body glucose as
fuel for thermogenesis in the white rat exposed to
cold. Am.J. Physiol., 199:1051, 1960.

18) Depogas, F.: Can, J.Biochem, Physiol, 37:285, 1959.

19) Pak, J.I.: Metabolism of C“-glucose in the Dog.
Seoul J.Med,(Korea). 1:301, 191,

20) Depogas, F.: Body glicose as fuel in white rats
exposed to cold. results with fasted rats. Am. J.
Physiol. 202:1025, 1962.

21) Steel, R., Wall, S., De Bodo, R.C. and Altzular,
N.: Measurement of size and turnover rate of body
glucose pool by the isotope dilution method. Am. J.
Physiol., 157:15, 1956.

82 — 28 —




