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Metabolism of Cl4-labeled Pyruvate and Glucose by Brain Slices

of Normal and Alloxan-Diabetic Rats

A-gdTa
Xk Al o
(=] [

bl

EE R LR

g I 8

Agmta aa Y Heltad

ol

.4 B

A el = A AA FLgel HTAE
T ok AL E Hob miHEA 2 A A ol
FrASHE dd ddx Fdde 9F tn 92
- 91‘:1- web e =24 L 942 —‘?"Ei A 5A °J

4o FFE dejof g Wid= o2
*1 et 53 2RO A A EL] i
AgL AEF AR QolHdE A4HA A BFE
g grks AR B o e W=y 54
(respiratory quotient)e] 1] 7}71$-= ©}2 7174 v}
Fege AW FEA avs JVor Hoh 444
ol & 4 glet.

wherel w12 z=A G g2 A ANAE FE oHFIE
of SE}D gle Az Frue] gsEy
Abol glet A insulin AH 0.2 qQletd thE a2 e Ao}
Zel ANE L LEANEITY AR Y L
= AR FFE vAA 2 Aol et ARz
Ty I AYetne FayAAY dH g
T2 AAMAL 2 dAel s e dor 3o}
efd A iAo E o dge] s AHE F 2
o 2y S Qe o ATFe gdelA =
THE EL T 019 vE slAH e 2 A deA
Tt insulin BFe] &8 L WA QT FAF A
Agt Zol wbpats ARG fRFE duxE
olgsteA g oFw QAR HE b wp A

o] ok skl o wm e Himwichd-SL & A

Ao = 2 o)A TRk Abe) insulin o) #el 5K 9
%—2_ 2} slhgl Kety«D—gAi t}\_mmﬂq o] 248 A}
=% _x% ] %}\Ja.:‘q"gi}']7}‘ gix:}-‘— 73 ;_ql_a_]_o%

o?
¢ T9agx

Fxafe] v]mA ketone body 5 ¥

Abgte Xt A} w} o] H 2 W Fo] g
Mulders &£

A ARYdY T 1962 9% ALdta wtd dFez
3 HAq

.)1‘7‘

=

27t F3d = E7stn =z el ketone body of
£&0 Arte AL A4 s93n Haugaard 5. [t
24 insulin ¢] #s44 (blood-brain barrier)& %3}
+ E Yoy ze
T o o =
ZFH e gl G T2 o dx AR wWE
AFE AR AEHR XY B AR T
insulin 43 o2 o1& W x29 FHAAYL Axs)
7l f1eke] CU-z e} 9l 2238 F73 A AbEq] CH-
pyruvate & ©] 8-3te] ol& 7129 & CO2o ¢4t
A& FH oz A3 insuline] WE=zAY
WA vl A FFE ARG FA T
ez oA gaRg-E s dade AR
BY-Fo g ole BmelE uelr)

&x E¢ vhe AY =ud

6
A A o) o g Aol x| A L%%o]i

2. & guy
(O S

58vtel S 4 ez 4T 2R e Clépyru-
vate wWioF AP = A 1+ 2@ A 278 4838k 2 Cl-
Exgdlol Adels A 3T 2 A4TE Agsg
A 1¢-& Cl-pyruvate W ok 39 z=Fo02 307

gl d& FANHARAG o] & 3P ole w4 4
MAztoz et o =25 CH-pyruvate & vl <o
A eFstd s wl, 2 ekl o) okgel obe] Cl-pyru-
vate ¥ FE=& 28 stdrh A1 4£FE 10, A 247
2 20, A 34T 30,4 44TL 40mg/dl & Cit-py-
ruvate 5 =& §X st At &Fo8 (phosphate buff-
er)doll A wjoFala ZF Aol A & o] AF&-(maximum
metabolic rate)-g- ¥.0]= £vw] Cl-pyruvate 5T &
75_14 3ted A 278 wjokgu]l Cl-pyruvate 5 =5 AR
3t FAlel olm ol Ag-& Cl-pyruvate w o4l
o dzzroe g dhglvh. A 27 10 ¢tel 9 alloxan o
2 LA Fxd AR i 248 20mg/dl & CH-

pyruvate FEE ) QA ShEeR Lo Al whokilgd

;




— AT A4Y A1z FAA13E —

v, A 3F¢ 8vtels A4 49 AHzdE 200mg
/A8 Ch-zewr 28 FA5 oo @ ofste ol
W o tﬂ/‘}‘%% Cu-z ey wjekd@e dx=gos
ol A42E 1078 alloxan fgFey 84
2] ‘H*‘"ﬂ A 3T 2 ol el A “ﬂ"“?%i@
A 27 % A 470 AL alloxan x93 dF =
oF 50 /kg% alloxan & A=uel F8d F 14015
48 A7+ o 3-8 | rerg wabete] Aol 200 mg/dl o]
*c]'_o_ 2 A& AEe 9L AANY wedxEAE ALt
9t
(2) By Em
Cl4-pyruvate £+ : pyruvate-2-C4(New England
Nuclear Corp.) & 100xc ¢} non-radioactive Na-py-
100ml = 3] o] -FeH pyr-
vate F=& 20mg/ml £ W5 AFEAoR syt
A1 2 A 2T ekl 2E Cl-pyruvate &=
wWepa Mol A A& Clpyruvate 4 474 0.5 1,
1.5 oml# wtz A stn J4dasAPH 7.H2%
3 A ste] 100ml = wr5e] Cl-pyruvate £+ pyr-
uvate $E& 10, 20, 30, 40 mg/dl 8] == FA @&
A 7 48 K EAY Mgl oR sk
CH4-z =& : Glucose-u-C4(New England Nuclear
Corp.) < 100 ucell non-radioactive glucose & EX

32

ruvate & 931 &

100ml & 34 she] o] gl e FEE 50mg/ml
2 e AAg Cxmergaiorn Af FHgrh

A35 %L AdTel Hete] AAGe AL Ch-2E
o gl & 4mlAH st o] 4 QARRFALR I
Astel 100mlz w2 ChzeFLiie] TEFFE
= 200mg/dl = 3o} wlofgAoR st

CH-pyruvate 2 CH-z = =duf o1 specific acti7—)
vity(SA): %7+ 2+ &8 1mlE Van Slyke-Folch
w0z CO.z gAArEkA 7 P& o] & BaCOsz 3
A A7 Geiger-Miiller counter 2 57 3Fgivh.

(3) g=E

2t el A 7"%' g xx 2H 1~2g% 50cc T4
of AASE AAAH werd P 891z o s
of stglet.

A1z 2 A2FAAE HergAza Aed Clpyr-
uvate £ % Agsha A3E 9 AdFAds CH-EE
gl & AR 5AREET H"‘o}f =5 &
A Fxet SAE 44 ] A st7} sk WA 2
vkl Az o o -‘+ dad At ForA A
Hd AF ad 9@ A ¢ A& fFsaL
A =2 darh. feaARe AEsL Y A ordo
9 oAas S5 s A ER|FANY &A w4
7k8] &) o} A 2 ELE o] AT A TR, pyruvate
9 Jactate 8] ¥ =8 COP4ts 2 25 COp4 SAE

2 —

£33 3+9 r}.
4 stety =%
Zxr &40 SomogyilVy Nelson!2 8] w4, pyr-

uvate=# o] &= Friedmann = Haugen!¥¢] #4, lactate

=x o] = Barker 3 Summerson!¥¢] =& &85
3.COz A& ol Fatarel AA g COpE-T3atel A

Na,COs2 &3 CO,= Whatman o 35 (No.542)4l
BaCO;2 ks o2 A4 A3 BaCOs8 A% £A st
o of A 7Y CO4 2bg-8- Al A =] ¢ 7¥%BaCO3 T
#.e A end-window Geiger-Miiller counter 2 ukA}
2o z=xd3d 3§ C09 SAE AAsAT. PAT
2846 % BaC038 7] &5 (self-absorption)ell
g AL shel EEG

(5) HAtd
A 13 = A4 27| A pyruvated] 44 &3} lactate?]
9 g0 wokgdle] wWerAFY FEE FAF F

oot worgele) &4 Fete FEbdde A
nl A4Eol N EroaAsd Pz g2 T
uM/hr/g2 FA 89

ROHL ol A

o] el COp AA&E A zkel 2 BaCOs
jt—‘-’—-‘ll %) & BaCOs®] LAtsfo g A st wAzke] 5

3 COA A& uM/hr/g2 FA8tE vt

oy o ote] 7+ s Az feses COxdA £
Z COpA4 &0l hak vl g% Relative Specific Activity
(RSAYe} &t ol= zF COx%t &ei7124 SAeHY
vl & Tatd AHE g

ALE 2 A2Fel oA WergelaA Al Cie-
pyruvates} .3 CO; =& lactate® HakE 2gs 7
7+ Relative Pyruvate Disappearance into COz(RPD
COy 2 Relative Pyruvate Disappearance into lactate
(RPD lactatedebn # &3 vh-g3t Zro] AbE g ).

£ CO, #4-4xRSA
RPD CO;= yruvatefif——l & X3

lactate 48
RPD lactate= pyruvate 24 &

2 RPD COz2= 1249 pyruvates} COx2t H.0z &
A Arzbse 32ape] COpE A4kely) =-Eel &oi Cu-
pyruvated] 4 7je1® COz A &(F CO; w44 xRS

A)S 302 Ashd Cltpyruvated 4 7118 & CO;
WS 9% pyruvates] £AFE dulet olE R

A7+ e pyruvatexdE2 Ashd 2F COpa /‘-/;-_1&1
pyruvated] pyruvates4l 8¢l o & B8 oA "o
RPD lactatel A&7 7-E %23 lactates ZF &
W CH-pyruvater} Fgslel @gcts spgshe A4t
g Aelth

A3E 2 A4z 91el4 Relative Glucose Disappe-
arance into CO2(RGD COy= RPD CO2¢t % 74
oz ket ol AE shgith




— F4da-929

A4 4 Alloxan 3= 59 A Q4N -2z 9 Zecte] dad B3 AR o F —

Table 1. Fate of Cl4-pyruvate disappeared from incubation medium.
Med. Pyr. Disa-| Lactate [Total CO. COz from| Amount
Grou Sub- |Conc. of No. of| pp. Rate | Accum. [Prod. Ratel RSA |Pyruvate |of Pyr.in-RPD CO; RPD
P igroup| Pyr. | case (#M/hr/ Rate(uM/ | (uM/hr/ | (%) [(eM/hr/ | toCO(u| (%) lactate
| (mg% g) hr/g) g2 g) M/hr/g) (%)
1|10 g 5.3%15 2.0%0.8 52.47.712.243.2] 630, 9| 2.00.340. 5:8. 8[36. 4:11. 2
2 | 20 10107419 5.841.219.7410.719.552.6] 9.921.2] 3.320. 437 36.955.1-16.9
1
|
3 | 30 816,717 92415 50.744. 02 0+£2.510.8£1.1) 3.6:£0.4]21.6:53.050.6:11.8
4 40 4 20.21.8 5.90.4) 59.3:1.8[19. 0. 211216 3.740.518.4:£1.2 29.5:2.5
2 Pabe] 20 10 12.2:1.2 5.1+1.0] 63447, J14.544.1) 9.0::2.5] 3.0:0. §26.0+7.2] 42.1+9.5
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Fig. 1. Time course of metabolic rates; pyrvuate

disappearance, lactate accummulation, total CO,

production rate and relative specific activity (RSA),
as brain slices were incubated in the different concen-
tration of CY-pyruvate medium.
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Fig. 2. Timc course of various metabolic rates of

normal and alloxan diabetic brain slices.
O O : control X ———X : diabetes
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Table 2. Conversion of Cl4-glucose into respiratory CO,.
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Med. Conc. No. of Glucose Dis-| Total Coq RS A Ratze from {Glucose Dis-| RGD CO,
Group of G[ltcose Case ap&. Eate PrI(\)/il.hRate % Glucose  |app. into CO, %
(mg%) (uM/hr/g) | (uM/hr/g) (M/hr/g) !(,uM/hr/g)
s | 200 | 8 | 44145 67891 | 215429 12427 | 2.440.5| 5.5:+1.4
t | 20 | 10 | 2004108 56.725.5 | 26.15.1 | 1422.4] 24504 18.946.2
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ABSTRACT

Metabolism of C4-labeled Pyruvate and
Glucose by Brain Slices of Normal and
Alloxan-Diabetic Rats.

Shin Yo Chang, M.D., Ka Yong Chang, M.D.
Department of Anatomy

Sang Don Rhee, M.D
Department of Physiology

College of Medicine, Seoul National University

Brain slices of 58 normal and alloxan-diabetic rats
were divided into 4 groups. Each group was incubated
for a period of 5 hours with incubation mixturc
consisting of 15 c.c. of phosphate buffer to which
were added Cl4—glucose or Cl-pyruvate and 15 c.c.
of oxygen. During 5 hours of incubation period, the
incubation media and gas phasc were replaced with
fresh media and oxygen at hourly intervals. This

procedure made it possible to obtain hourly samples
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to determine the concentration of medium substrates
and the amount and radioactivity of CO; produced by
the brain slices during the experimental period. It
also had the advantage of presenting the tissue with
a substrate of essentially constant concentration and
specific activity. _

Data obtained from the CM-pyruvate incubation
experiment, in the first and second group, and from
the Cl4-glucose incubation experiment in the third and
fourth group, were summarized as the follows.

1. In the CM-pyruvate incubation experiment, pyr-
uvate disappearance rates were mean of 10.7 uM/hr/g
in the first control group, and 12.2 gM/hr/g in
the second alloxan-diabetic group. The lactate accu-
mulation rates in both groups were mean of 5.8 and
5.1 #M/hr/g respectively.

Total CO, production rates in both groups were
mean of 49.7 and 63.4 uM/hr/g respectively, sho-
wing a slightly higher value in the second group.
However, since RSA, which represents the fraction
of CH¥-0, derived from medium Cl4-pyruvate to total
CO; production rate, was slightly hiher in the control
group than the diabetic-group, there were little diffe-
rences in CO; production rates derived from medium
Cl4-pyruvate of both groups.

2. In the Cit-glucose incubation experiment, Cl4-
glucose disappearance rates decreased about one half
of the control in the diabetic group, showing a mean
of 44.1 uM/hr/g in the third control group and
20.0 uM/hr/g in the fourth alloxan-diabetic group.

Since there were not significant differences in total
CO; production rates and values in RSA, C4-0; pro-
duction rates derived from medium Cl4-glucose have
been found to be almost the same value in both
groups.

From the data described above, insulin cannot have
an infltuence on all the steps of carbohydrate metab-
olism in the brain tissue. However there is evidence
that insulin exhibits the effect on membrane transport

of glucose as found in the other tissues.
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