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Summary. After  intravenous injection of glucose, 
750 mg/kg, together  with a t racer  dose of [U-14C] glucose, 
into fasted, adul t  white rats ,  the following percentages of 
the  adminis tered dose were found in whole organs and 
tissues : 1. after five minutes  : skeletal  muscle 30.3, skin 
28.1, blood 13.1, adipose tissue 10.7, liver 8.9. 2. F o r t y  
minutes after injection the corresponding values were: 
35.0, 11.1, 5.0, 4.6 and 9.4%. Expi red  1~CO~ was negligible 
after five minutes:  af ter  40 min it comprised 8% of the  
to ta l  dose administered.  --  After  intragastr ic  adminis tra-  
t ion of 1500 mg/kg of glucose given with a t racer  dose of 
[U-14C] glucose under the same experimental  conditions, 
the a l imentary  t rac t  contained, after 15, 90 and 180 rain, 
60.5, 14.8 and 8.4% respectively of the to ta l  x4C dose 
given. At  these t imes the  liver contained 2.9, 10.7 and 
15.0%; skin contained 7.5, 7.1 and 5.4%; adipose tissue 
2.0, 3.8 and 3.5%, and expired 14CO2 0.4, 11.8 and 31.3% 
respectively.  Details  of the uptake  of ~4C glucose b y  other 
organs and tissues are given, and a balance sheet for the 
injected mater ia l  is a t t empted .  

Contribution de diffgrents organes et tissus du rat d 
l'assimilation du glucose 

R~sumd. Aprbs l ' inject ion intraveineuse de glucose 
(750 mg/kg) en mSme temps qu 'une dose traceuse de 
U-14C-glucose, ~ des rats  blancs adultes ~ jeun, los pour- 
centages suivants  de la dose administrde ont  dt6 retrouvds 
dans t o u s l e s  organes et t issus: 1. aprbs cinq minutes:  
muscle squelett iquc 30.3, peau 28.1, sang 13.1, t issu adi- 
peux 10.7, foie 8.9.2. Quarante minutes aprbs l ' injection, 
les valeurs correspondantes 6taient los SUlvantes: 35.0, 
11.1, 5.0, 4.6 et  9.4%. Le 14CO2 ddgagd dtait  ndgligeable 
apr~s 5 rain:  aprbs 40 rain il reprdsentait  8% de la 
dose totale  administrde. - -  Aprbs l ' adminis t ra t ion intra-  
gastr ique de 1500 mg/kg de glucose, donnd en mSme 
temps qu 'une dose traeeuse de U-laC-glucose dans los 

mSmes conditions expdrimentMes, le tube digestif conten- 
air  a u b o u t  de 15, 90 et 180 rain, 60.5, 14.8 et 8.4% re- 
spect ivcment  de la dose totale  de 140 administrde.  A cos 
moments  lk le foie contenait  respectivement 2.9, 10.7 et 
15.0%; la peau contenait  7.5, 7.1 et 5.4%; le tissu adi- 
peux 2.0, 3.8 et 3.5%, et  le laCO2 ddgagd dtai t  de 0.4, 
11.8 et 31.3%. On donne des ddtails sur la captat ion du 
14C-glucose par  d 'autres  organes et  tissus, et  on essaye de 
dresser un bilan du produi t  injectd. 

Der Anteil verschiedener Organe and Gewebe der Ratte 
an der Glucoseassimilation 

Zusammenfassung. Nach i.v. In jekt ion  yon 750 mg 
Glueose/kg mi t  einer Spriidosis U-laC-Glucose fanden sich 
bei fastenden, erwachsenen weil3en Ra t t cn  folgende Pro- 
zents~itze der verabreichten Monte in Gesamt-Organen 
und -Geweben: 1. Nach 5 rain: Skeletmuskel 30.3, H a u t  
28.1, Blur 13.1, Fet tgewebe 10.7, Leber 8.9. 2. 40 rain 
nach der In jekt ion  laute ten die entsprechenden Wer te :  
35.0, 11.1, 5.0, 4.6, 9.4%. Nach 5 rain l ie ten  sich in der 
Ausatmungsluf t  nur Spuren yon laCO2 nachweisen, nach 
40 rain lagen 8% der verabrciehten Dosis in dieser Form 
vor. - -  Nach intragastr ischer Zufuhr yon 1500 mg Glu- 
cose/kg mi t  einer Spiirdosis yon U-laC-Glucose unter  den 
glciehen Versuchsbedingungen enthiel t  der Verdauungs- 
t r ak t  naeh 15, 90 und 180 rain jeweils 60.5, 14.8 bzw. 8.4% 
der zugefiihrten Radioaktivit~it .  In  der Leber fanden sich 
zu diesen Zeiten 2.9, 10.7 und 15.0%, in der I-Iaut 7.5, 
7.1 und 5.4, im Fet tgewcbe 2.0, 3.8 und 3.5%. Die Aus- 
a tmungsluf t  enthielt  0.4, 11.8 und 31.3% als laCO2. Es 
folgen weitere Einzelheiten zur Aufnahme von l~adioglu- 
eose dureh andere Organe und Gewebe sowie der Versueh 
einer Bilanz fiir das injizierte Material.  

Key-words: Glucose, assimilation, tissues, organs, rat ,  
fasting. 

Introduction 

Al though  the  glucose to lerance  t e s t  has  been  wide ly  
used  in  cl inical  medic ine  a n d  in an ima l  expe r imen t s  for  
m a n y  yea r s  there  is r e m a r k a b l y  l i t t le  in fo rmat ion  on 
the  q u a n t i t a t i v e  roles of var ious  organs  a n d  t issues in 
ass imi la t ion  of a glucose load,  and  i t  was this  d e a r t h  of 
i n fo rma t ion  which s t imu la t ed  the  p resen t  s t u d y  on rats .  

Methods and Materials 

Animals 
The expe r imen t s  were made  on male  W i s t a r  ra t s  of 

an  inb red  s t r a in  m a i n t a i n e d  b y  the  Bio-Assay  Labo-  
ra tor ies  of the  Wel leome Founda t ion .  T h e y  weighed 
f rom 175 to 200 g and  were fas.$ed for 18 h before t r ea t -  
~ent, 

Procedure 

The genera l  p l an  of the  oral  and  in t ravenous  dosing 
expe r imen t s  was the  same -- in each case a "phys io-  
logical"  dose of non- rad ioac t ive  glucose was given,  
t oge the r  wi th  a t r ace r  dose of [U-14C] glucose. The ani .  
mals  were then  k i l led  b y  a sphyx i a t i on  wi th  C02 a t  
t imes  considered a p p r o p r i a t e  f rom p re l im ina ry  s tudies  
of the  b lood glucose levels a t t a ined .  Var ious  organs  and  
t issues were then  r a p id ly  d issected  ou t  and  af te r  homo- 
genisa t ion  and  ex t r ac t i on  the i r  ~4C c on t e n t  was 
measured .  

Selection of glucose dose and times for tissue analysis 
Our chief in te res t  l ay  in the  t issue d i s t r ibu t ion  of 

14C a t  the  po in t  in  t ime  when the  b lood glucose concen- 
t r a t i o n  r e t u r n e d  tO the  base!ine level~ i .e ,  when  the  
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administered glucose load had just been fully assimilat- 
ed. We also chose either one or two earlier times for 
tissue analysis to give some idea of the rapidity of assi- 
milation by different tissues. 

a) Intravenous dosing. The dose given was 0.75 ml 
of a 20% w/v glucose solution, i.e. a total of 150 mg 
or 0.75 to 0.86 g/kg of non-radioactive glucose, together 
with 5 microcuries of [U-14C] D-glucose (obtained from 
the l~adiochemieal Centre, Amersham, Bucks., Eng- 
land; specific activity 2.9 mCi/mM). 

The tissue analysis times for the intravenous ex- 
periment were chosen from the results of a preliminary 
experiment in which 5 rats received 0.75 g/kg of glucose 
intravenously. The blood ghleose concentrations at 0, 
5, 10, 20, 40 and 80 min after injection were: 77~=5, 
336•  15, 286~ 12, 143=~2, 96=[=4 and 89~-3 mg/100ml. 
Although the 40-rain value had not quite reached the 
baseline level, we chose this as the most suitable inter- 
val for tissue analysis, since the fall of blood glucose in 
the succeeding 40 min was relatively small. In  the ac- 
tual experiment the blood glucose concentration was 
241=L13 mg/100 ml 5 rain after injection and 87=j=8 
after 40 rain. 

b) Oral dosing experiment. Where the glucose dose 
was given into the stomach we had considerably more 
difficulty in choosing a suitable dose and times for 
tissue analysis. Since surprisingly little information is 
available about the oral glucose tolerance curve of the 
rat, we made a preliminary study in which (non-radio- 
active) glucose doses of 3.0, 1.5 and 0.75 g/kg were given 
to 3 groups of 9 or 10 male Wistar rats. The blood glu- 
cose concentrations found at various times after dosing 
are shown in Table i. Unexpectedly small rises of blood 
glucose resulted from all 3 doses, and no clear-cut dose- 
response effect was found. However, on the basis of the 
differences of blood glucose values between the 0.75 
and 1.5 g/kg doses, we chose a glucose dose of 1.5 g/kg 
and selected 15, 90 and 180 min after glucose admini- 
stration as the times for tissue analysis. 

The oral dose was given through a long needle with 
a protected tip into the stomach, as 1.5 ml of a 20 ~ow/v 
solution of non-radioactive glucose, containing appro- 
ximately 5 microcuries of [U-14C] D-glucose (specific 
activity 3.3 mCi/mM). The oral dose of non-radioactive 
glucose was thus twice the intravenous dose and amount- 
ed to 1.5 -- 1.7 g/kg. 

Organs and tissues examined 
Dissection began immediately the animal was dead. 

Within 4 rain the following organs and tissues had been 
dissected out, with times accurately recorded, in this 
order: blood (heart sample), snips from the pectorahs 
major and rectus abdominis muscles, heart, lungs, 
groin and epididymal fat  pads, bladder, spleen, kid- 
neys, the interscapular fat pads, the alimentary tract  
minus the oesophagus, the testes, skin and brain. 
Immediately after its removal each organ was dropped 
into liquid nitrogen, then kept  deep-frozen until ana- 
lysed for radioactivity. 

Individual organs were weighed wet immediately 
before extraction. The weights of two important, diffu- 
sely distributed tissues --  skeletal muscle and adipose 
tissue -- were calculated as follows. For muscle, 2 un- 
treated animals were first skinned and eviscerated 
completely and any visible adipose tissue was trimmed 
away. All the visible skeletal muscle was then dissected 
away and weighed; this amounted to 30% of the body 
weight in both animals. The remaining carcass was 
weighed, then heated in N KOH until the remaining 
muscles were just detached. The residual skeleton was 
picked out and weighed and the loss of carcass weight 
after this t reatment was presumed to be due to the 
remaining muscle; it amounted to 7% and 8% of the 
body weight. This, together with the 30% originally 
dissected out, made the total skeletal muscle approxi- 
mately 38% of body weight. The method is obviously 
rather crude, but  seems adequate to indicate the muscle 
mass within ~=5~ . The total adipose tissue mass was 
estimated by a total lipid extraction of a 50 g aliquot 
of the minced animal, and dividing the total body lipid 
value so obtained by 0.82 [2] (the triglyceride fractio- 
nal weight of adipose tissue). 

Collection of expired 14U0~ 
This was measured in separate experiments carried 

out under conditions identical with those described 
above for studying the tissue distribution of 14C after 
with intravenous or oral dosing. Each animal was kept  
singly in a 'Metabowl' (Jencon) chamber. A flow of 
500 ml/min of CO,-free, warm, dry air was maintained 
through the cage, and the CO s in the expired air was 
absorbed, via a bubbler, in 500ml of N sodium hydrox- 
ide. The collection periods were 0-15, 15-90, and 90-180 
rain after dosing for the oral experiment, and 0-5, and 
5-40 rain for the intravenous. Three animals were used 
for each collection period. For measurement of 14C0~, 
1 ml of the absorbent solution was acidified and the 
COs evolved was displaced by an air current into two 
successive wash bottles containing 20 ml of phenyl- 
ethylamine absorbent mixture (see 'Reagents'). This 
was then mixed with 16 ml of toluene-based phosphor 
and the 14C content of a 15 ml aliquot was measured. 

Homogenization and extraction of tissue 
After the tissue had been thawed, about 1 g was 

homogenized and extracted. The tissues from the in- 
travenous dosing study were extracted into 10 ml of 
heptanefisopropanol/N sulphuric acid, in a volume 
ratio of l0:40:115]. After vigorous mechanical shaking 
for 5 min, 6 ml of heptane and 4 ml of water were added 
and well mixed to bring the final volume to 20 ml. 
Centrifugation separated the mixture into heptane and 
isopropanol/water phases, and left the tissue debris as 
a basal protein pellet. 200 ~1 of the heptane and the 
isopropanol/water phases were counted separately in 
8 ml of Bray's [3] solution. 

In  the oral dosing experiment, the tissues were 
extracted in 5 ml of chloroform/mcthanol (2:1 v/v), 
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using a Pot ter-Elvehjem glass homogenzier. A further 
15 ml of chloroform/methanol was added; the mixture 
was then thoroughly shaken and filtered. The solid 
residue from this stage was retained for 14C measure- 
ment  by  the oxygen flask combustion method, and the 
filtrate t reated according to the method of FOLCE [7] 
being finally split into chloroform and isopropanol/ 
water phases by  the addition of 20% by  volume of 
water. 

The entire (lipid containing) chloroform phase was 
aspirated into a counting vial, evaporated off on a wa- 
ter ba th  at  70~ and the lipid residues were taken up 
into 8 ml of a toluene-based phosphor (see 'l~eagents') 
for counting. In  some instances these lipid solutions 
were brownish, and a quenching correction was neces- 
sary when counted for 14C. This was done by  spiking 
with an internal [~4C]-hexadecane standard and re- 
counting. A 200 ~1 aliquot of the methanol/water  phase 
was then counted in 8 ml of Bray 's  [3] solution. 

Oxygen combustion of tissue residues 
The solid residue after extraction as above was 

dried in warm air to constant weight. An aliquot of 
about  50 mg was then burnt  in a vessel of 1 1 capacity 
by  the oxygen flask method [9]. The CO s evolved was 
absorbed in 10 ml of phenylethylamine solution (see 
'Reagents ')  mixed with 8 ml of toluene phosphor and 
a 15 ml aliquot was counted. 

Radioactivity measurement 
Counting was done in a Packard Tri-Carb liquid 

scintillation spectrometer, model 3003. 

Glucose concentration of blood 
For whole blood this was measured on duplicate 

samples of 0.05 ml, using the automated glucose oxi- 
dase method of FAVLK~ [6]. 

Diabetologia 

of 2-phenylethylamine (British Drug Houses) redistill- 
ed in vacuo until colourless, 200 ml of redistilled methyl  
oxitol, and 600 ml of toluene. 

Results 

Preliminary studies to determine dose and lcilling 
times 

After intragastric dosing with 3.0, 1.5 and 0.75 g of 
glucose/kg, the rats '  venous blood glucose concentra- 
tion showed surprisingly small rises and there was no 
clear-cut relation between the dose and the change of 
blood glucose concentration until 90 rain after dosing 
(Table 1). We eventually selected 1.5 g/kg as the best 
dose. Since with none of these doses had the blood 
glucose concentration fallen to the baseline value by  
120 rain, we extended the final t ime for tissue analysis 
to 180 rain after administration of the glucose. The 
blood glucose concentrations in the actual oral 14C tra- 
cer experiment were 834-9, 146•  12, 108=t=2 and 78~= 1 
rag/100 ml at  0, 15, 90 and 180 rain respectively. All 
these values were higher than  those of the preliminary 
s tudy at  a dose of t.5 g/kg (el. Table 1). The differences 
were probably accounted for by  the fact tha t  the blood 
samples of Table 1 were obtained from the tail veins of 
unanaesthetised rats, whereas those of the actual ex- 
periment were obtained by  heart  puncture immediately 
after death by  C02 asphyxiation, which can induce 
breakdown of liver glycogen [1]. 

Distribution of 14C in different tissues 

Details of the concentration of 14C in all tissues and 
organs examined are shown in Table 2. Using the tissue 
concentrations and the organ weights given in Table 2, 
we have calculated the total  14C uptake of various 
organs and of the two diffusely distributed tissues, 

Table 1. Preliminary study of blood glucose concentrations of rats after intra-gastrie dosing with various glucose doses 
Blood glucose (mg/lO0 ml) 

Dose 0 15 30 45 60 90 130 (rain after 
(g/kg) glucose dosing) 
(a) 3.0 58.7 100.3 96.0 98.1 94.9 96.2 87.0 
(b) 1.5 55.6 91.3 92.3 93.5 95.4 84.6 74.0 
(e) 0.75 53.8 96.6 88.2 83.7 80.7 71.1 65.6 

Probability levels for significance of blood glucose differences 
(a) vs. (b) 0.2 N.S. N.S. N.S. 0.01 0.001 
(a) vs. (c) N.S. 0.1 0.01 0.01 0.001 0.001 
(b) vs. (e) N.S. N.S. 0.05 0.01 0.001 0.010 

Notes: 1. Blood glucose values given are adjusted for initial levels by co-variance analysis and are the means of 9 or 
10 animals. 

2. N.S. = not significant (P>0.2) 

Reagents 

1. Toluene-based scintillator: this contained 100 mg 
of dinmthyl POPOP,  5 g of PPO and 270 ml of metha- 
nol ( 'ANALAR'),  brought to 1 1 with toluene. 2. Phe- 
nylethylamine absorbent solution : 1 1 contained 200 ml 

skeletal muscle and adipose tissue : the results are shown 
in Table 3, which also gives values for14CO2 excretion. 

Table 2 shows that ,  in general, the relative amounts 
of laC found in the alcohol/water and the solid residue 
phases were very much higher in the intravenous study 
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Table 2. Radioactivity concentrations in various tissues and organs of rats after administration of [U.i4C] D-Glucose 
Details of dosing of animals and methods of extraction of tissues arc given in text. The 'non-polar'  phase was hcptane in 
the intravenous experiment (extraction with heptane/aeid/isopropranol mixture), and was chloroform in the oral 
dosing experiment (extraction with chloroform/methanol, 2: 1, according to Folch (1957)). Except where otherwise 

shown by an asterisk, the results are mean 4- S.E.35. of 3 animals 

A. After intravenous injection of/U-laG] D-glucose 

Tissue or organ Weight Time 
(g) interval 

after 
dosing 
(ram) 

hundreds of counts/min, g wet weight 

(a) (b) (c) Total 
alcohol/water non-polar solid (a) + (b) ~- (c) 
phase phase residue 

Skeletal muscle 73.8 5 
(rectus abdominis) 72.5 40 

Skeletal muscle 73.8 5 
(pectoralis major) 72.5 40 

Skin 38.5 5 
39.0 40 

Blood 14.0 5 
13.8 40 

Liver 6.4 5 
6.3 40 

Interscapular c32.2 5 
fat pad 31.8 40 ,( "~ Subcutaneous 32.2 5 
(groin) 31.8 40 

Epididymal 32.2 5 
fat pad 31.8 40 

Alimentary tract 11.0 5 
(plus contents) 11.6 40 

Kidneys 1.4 5 
1.4 40 

Lungs 0.97 5 
0.97 40 

Brain 1.3 5 
1.4 40 

Heart  0.58 5 
O.55 40 

Testes 3.2 5 
3.4 40 

Spleen 0.33 5 
0.43 40 

Bladder 0.07 5 
0.08 40 

2724- 8 0.54- 0.2 18.04- 5.3 2914- 9 
194:~33 3.14- 0.3 32.2• 9.5 229_4=_42 

2504-16 2.24- 0.3 13.94- 1.1 2664-15 
3814-82 7.7• 1.5 32.74-11.2 4214-87 

4074-18 0.5=t= 0.3 38.24- 7.8 4464- 6 
1534- 3 4.94- 0.1 23.04-11.1 181:j: 7 

6054-62 1.34- 0.6 26.94-11.4 6334-72 
2144-11 2.64- 0.8 21.74- 1.5 2394-13 

8784-24 1.74- 0.4 61.4-_t=15.1 941:j:39 
892~37 7.44- 0.1 1 0 1 . 0 = t = 1 5 . 2  10004-50 

3004- 6 7.9=t= 1.8 10.7• 2.3 3184- 5 
2784-21 40.04-10.3 14.3=t= 2.0 3324-33 

2654-67 4.14- 1.9 9.94- 1.6 2784-70 
904- 9 24.04- 6.1 5.34- 1.2 1204-14 

1644-27 2.64- 1.0 2.64- 0.7 1694-25 
46=t= 5 20.74- 5.1 1.0~: 0.1 684- 9 

3034- 9 1.84- 0.4 24.44- 4.6 3294-13 
1394- 8 8.84- 1.7 48.24-17.7 1964-15 

10014-30 2.24- 0.3 94.04-12.9 10974-22 
259• 2.74- 0.4 27.84- 5.3 2904-25 

4334- 3 1.64- 0.4 42.0* 537* 
1864- 3 7.1-t- 2.0 21.64- 0.5 2154- 4 

3374-12 7.44- 0.1 80.44-50.9 4254-62 
435~: 5 12.34- 0.7 46.54-13.7 4944-18 

6144-52 4.14- 1.4 29.44- 9.9 647~:59 
2044-26 8.04- 0.4 13.84- 0.5 2264-26 

1624- 5 1.54- 0.1 12.44- 1.3 175=t= 6 
1194- 2 6.54_- 0.1 12.84- 1.9 1314- 3 

2454-12 1.84- 0.1 6.44- 1.5 2534-12 
1244- 3 1.1s 0.2 18.1~: 4.0 1444- 5 

10974- 530 8.24- 3.8 8.5* 1113" 
24944-1086 10.44- 1.1 25.14- 3.6 25294-1089 
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B. After oral (intragastric) administration of [U-laC] D-glucose 

Tissue or organ Weight Time htmdreds of counts/rain, g wet weight 
(g) interval 

after (a) (b) (e) 
dosing alcohol/water non-polar solid 
(rain) phase phase residue 

Total 
(a) + (b) + (e) 

Skeletal muscle 
(rectus abdominis) 

Skeletal muscle 
(pectoralis major) 

Skin 

Blood 

Liver 

Interscapular 
fad pad 

�9 ~ Subcutaneous 
(groin) 

O 

~ .Epididymal 
fat pad 

Alimentary tract  
(plus contents) 

Kidneys 

Lungs 

Brain 

Heart  

Testes 

Spleen 

Bladder 

73.8 15 284.21 7.2 4. 4.3 4.84. 4.3 
72.5 90 56~:13 2.6 4. 0.5 38.84.10.5 
73.8 180 544. 6 1.7 4. 0.4 29.94. 3.0 

73.8 15 164. 2 0.2 4. 0.04 6.04. 1.6 
72.5 90 714. 4 2.2 4. 0.4 32.24. 3.2 
73.8 180 1114. 4 2.4 4. 0.6 22.14. 1.9 

41.4 15 294. 7 0.5 4. 0.3 43.7~: 9.0 
33.4 90 38~: 5 3.6 4. 0.4 48.64. 7.1 
36.9 180 164. 3 3.6 4. 0.5 37.64. 3.8 

14.0 15 274. 8 0.034. 0.00 19.1~ 4.1 
13.7 90 51~:13 0.6 4. 0.1 40.6~ 1.2 
14.0 180 394. 1 0.5 4. 0.1 35.44. 5.8 

5.8 15 146~28 2.3 4. 0.6 86.8~:25.3 
5.4 90 4954.40 11.6 4. 1.3 379.8~37.9 
6.5 180 493:~28 16.2 4. 1.2 486.14.53.2 

32.2 15 544.20 3.3 ~: 1.0 14.3~: 3.2 
31.8 90 1064. 5 26.8 4. 3.1 53.34. 6.6 
32.2 180 112:L26 41.4 •  39.5~: 3.2 

32.2 15 264. 9 0.8 4. 0.01 15.74. 1.6 
31.8 90 32~: 7 11.0" 25.1" 
32.2 180 144. 5 13.8 4. 2.6 25.44.11.1 

32.2 15 14~ 3 1.1 4. 0.2 5.34. 0.9 
31.8 90 16~: 2 6.6 • 1.6 13.9~: 1.2 
32.2 180 12:L 3 9.0 4. 0.5 21.44. 5.2 

15.2 15 12374.54 2.2 :~ 0.6 552.3~:65.1 
14.2 90 2684.77 3 9 4. 0.2 177.04.42.1 
17.1 180 844.21 4.1 i 0.6 115.24.13.0 

1.3 15 754.15 0.8 4. 0.1 32.5~: 6.3 
1.2 90 92~11 4.7 4. 0.3 57.84.10.5 
1.4 180 534. 4 6.3 4. 0.6 57.34. 5.5 

1.4 15 424. 3 0.6 4. 0.1 18.94. 1.3 
1.1 90 944. 8 7.9 4. 0.5 33.24.13.5 
1.1 180 50~: 3 7.9 4. 0.9 28.24. 0.3 

1.6 15 474. 6 0.6 4. 0.1 27.04. 5.1 
1.5 90 1224. 2 14.9 4. 0.6 164.7" 
1.6 180 734. 2 17.2 ~: 3.2 117.6J: 7.9 

0.6 15 64:~i0 0.6 i 0.2 18.8:k 5.3 
0.5 90 974. 6 2.7 4. 0.2 39.34. 3.3 
0.6 180 814. 8 2.2 4. 0.4 35.24. 0.6 

2.4 15 13:~ 3 0.2 4. 0.02 4.24. 1.3 
2.4 90 314. 5 3.9 4. 1.2 27.34. 2.4 
2.1 180 244. 1 7.2 4. 1.0 39.94. 3.6 

0.33 15 914.47 0.4 4. 0.1 63.34.31.9 
0.37 90 524. 2 2.0 4. 0.3 61.14. 5.6 
0.37 180 344. 1 2.4 4- 0.4 60.2t: 8.5 

0.02 15 1174.54 2.8 4. 0.3 
0.06 90 884.55 2.8 ~ 0.1 
0.07 180 804-35 2.5 4. 0.9 

40-4- 17 
974. 18 
864. 7 

234. 4 
1054. 8 
1364. 4 

744. 15 
91 4. 12 
574. 6 

464. 10 
93q- 14 
754. 5 

2354. 53 
851 4. 75 
9954. 80 

72•  23 
1864. 10 
1934. 42 

36=[= 8 
68* 
534. 9 

214. 4 
374. 3 
424. 6 

17914. 56 
4494-119 
2034. 26 

1084. 20 
1544. 22 
1164- 8 

624. 3 
1354. 15 

844. 2 

754. 11 
302* 
2O8=]= 9 

834. 16 
1394. 7 
1184. 8 

17~: 5 
624. 3 
714. 4 

1554. 79 
115=t= 8 

964- 8 

120" 
91" 
82* 
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Table 3. The radioactivity present in various whole organs or tissues of rats after administration of [U-*4C] glucose 
Calculated from the radioactive concentrations and organ weights given in Table 2. Results are expressed as the ~o 
of the total  radioact ivi ty administered to the animal which was found in the organs or tissues at the times indicated. 
The percentage contribution of whole organs or tissues to uptake of '4C was calculated from: 
Counts/min. g wet weight • organ weight • 100:i n 

Total epm administered the oral study, the 3 fractions 'alcohol/water phase', 'non-polar 
phase' and 'solid residue' were counted under different conditions (see 'Methods'). The denominator for each fraction 
in the equation above was therefore different, as follows: Alcohol/water phase 4.98 • 106 epm, non-polar phase 
5.05 • 106 cpm, soIid residue 3.65 • 10 B cpm. In  the intravenous study the denominator for all three h'actions was 
6.75 • 10 a cpm. The calculation of total  weights of diffusely distributed tissues (SkeletaI muscle and adipose tissue) 

is described in 'Methods' 

A. After intravenous injection of [U-*~C]D-glucose 

Tissue or organ Alcohol/water (a) I-Ieptane Phase (b) Solid l%esidue (c) Total 
(a) + (b) + (c) 

5 40  5 40 5 40 5 40 
min min min min min min min min 

Skeletal Muscle 28.4 
Skin 23.2 
Blood 12.5 
Liver 8.3 
Adipose Tissue 10.4 
(excluding I.S.) 
Alimentary Tract 4.9 
( +  contents) 
Kidneys 2.0 
Lungs 0.7 
Brain 0.6 
I Iear t  0.5 
Testes 0.8 
Spleen O. t 
Bladder O. 1 

90.5 

30.9 0.1 0.6 1.8 3.5 30.3 35.0 
8.8 <0.1 0.3 4.9 2.0 28.1 11.1 
4.4 <0.1 0.1 0.6 0.5 13.1 5.0 
8.3 <0.1 0.1 0.6 1.0 8.9 9.4 
3.3 0.1 1.2 0.2 0.1 10.7 4.6 

2.4 <0.1 0.2 0.4 0.8 5.3 3.4 

0.6 < 0 . i  <0.1 0.1 <0.1 2.1 0.6 
0.3 <o.1  <o .1  <o .1  <o .1  0.7 o.3 
0.9 <0.1 <0.1 0.1 0.1 0.7 1.O 
0.2 <0.1 <0.1 <0.1 <0.1 0.5 0.2 
0.6 <0.1 <0.1 <0.1 <0.1 0.8 0.6 
o.1 <o.1  < o . 1  <o.1 <o.1 o.1 o.1 
0.3 <0.1 <0.1 <0.1 <0.1 0.1 0.3 

61.1 0.2 2.5 8.7 8.0 
% recovered in tissues examined 
% recovered in voided faeces 
% recovered from expired 14CO2 
Total % of injected dose accounted for 

B. After oral (intragastrie) administration of [U-*4G]D-glucose 

101.4 71.6 
<0.1 0.8 
<0.1 8.0 
101.4 80.4 

Tissue or organ Alcohol/water Chloroform Phase Solid Residue (c) 
phase (a) (b) 
15 90 180 15 90 180 15 90 180 
rain rain rain min min min rain rain rain 

Total (a) -t- (b) -k (c) 

15 90 180 
min min min 

Skeletal Muscle 
Skin 
Blood 
Liver 
Adipose Tissue 
(excluding I.S.) 
Alimentary Tract 
( +  contents) 
Kidneys 
Lungs 
Brain 
Heart 
Testes 
Spleen 
Bladder 

1.8 9.2 12.2 0.6 0.3 0.3 1.1 6.9 5.3 
2.4 2.5 1.2 <0.1 0.2 0.3 5.1 4.4 3.9 
0.8 1.4 1.1 <0.1 <0.1 <0.1 0.7 1.5 t.4 
1.6 5.0 6.3 <0.1 0.1 0.2 1.3 5.6 8.5 
1.2 1.5 0.7 0.1 0.6 0.7 0.7 t.7 2.1 

3.5 16.4 17.8 
7.5 7.1 5.4 
1.5 2.9 2.5 
2.9 10.7 15.0 
2.0 3.8 3.5 

37.8 7.7 2.8 0.1 0.1 0.1 22.6 7.0 5.5 60.5 14.8 8.4 

0.2 0.2 0.1 <0.1  <0.1 <0.1 0.1 0.2 0.2 
0.1 0.2 0.1 <0.1 <O.1 <0.1 0.1 0.2 0.1 
0.2 0.4 0.2 <O.1 <0.1 0.1 0.1 0.7 0.5 
0.1 0.1 0.1 <0.1 <0.1 <0.1 <0.1 0.1 0.1 
0.1 0.1 0.1 <0.1 <0.1 <0.1 <0.1 0.2 0.2 
0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 0.1 0.1 

<0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 < 0 . t  
% recovered in tissues examined 
% recovered ~ o m  exp~ed 14CO~ 
Total % of i~ec t ed  dose accounted for 

46.4 28.3 24.9 0.8 1.3 1.7 31.9 28.6 27.9 

0.3 0.4 0.3 
0.2 0.4 0.2 
0.3 1.1 0.8 
0.1 0.2 0.2 
0.1 0.3 0.3 
0.2 0.1 0.1 

<0. i <0. i <0.i 

79.1 58.2 54.5 
0.4 11.8 31.3 

79.5 70.0 85.8 

I.S. = Interscapular fat pad 
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than in the oral. This is due in a small measure to the 
different methods of extraction used. The extraction 
techniques were changed because of the surprisingly 
small fraction of 14C found in the lipid fraction in the 
oral experiment which was done first: we therefore 
changed to the more laborious but  better validated 
Folch technique/7/. In  extraction of tissues from the 
oral dose study we employed a chloroform/methanol 
extraction medium according to FoncH [7]. The solid 
residue was obtained by filtration immediately after 
this extraction, at which time the only water present 
was that  originally in the tissue. Although glucose and 
other highly water soluble substances may have remain- 
ed in the solution, glycogen and other unidentified 
components would precipitate from this methanolic 
solution and be measured as part  of the solid residue saC. 
In  the intravenous experiment, on the other hand, the 
solid residue was removed by centrifugation from an ex- 
traction medium containing approximately 25 times the 
original tissue water, with an isopropanol concentra- 
tion of approximately 61%. 

The possible differences caused by  the two extrac- 
tion procedures were investigated in a separate expe- 
riment, in which we injected, intravenously into 6 rats, 
0.75 ml of a 200 mg/ml solution of "cold" glucose, 
containing 5 microcuries of 14C glucose. The animals 
were killed by CO s asphyxiation 40 min later, and the 
whole carcass was minced. A 30 g aliquot was then 
extracted by the Dole and Foleh procedures, and also 
by  a modification of the Folch technique, in which the 
solid residue was filtered off after addition of 20% of 
water. The results are shown in Table 4. They indicate 

Table 4. Comparison of 14U distribution between non-polar 
and alcohol~water phases of the Dole and Yoleh extraction 
methods, in rat tissues 40 rain after intravenous injection 

of [ U-laG/glucose 

~o of injected laC dose 
Extraction Alcohol/water Non-polar: 
method phase phase 

Dole S 56.2 i . i  
Foleh 4 40.3 1.7 
Modified Folch 53.9 1.9 
(see text) 

good agreement of the extraction into the alcohol/ 
water phases by the Dole and the modified Foleh 
methods. Extract ion by  the classical Folch technique 
was about 70% of that  achieved by the Dole technique. 
Clearly this difference could account for only a trivial 
par t  of the great differences in the relative extraction 
into alcohol/water and solid residue phases, when the 
orM and intravenous studies are compared. 

Efficiency of recovery of 14U 
Details are given in Table 2. The recovery of 14C 

in the intravenous experiment, 5 min after dosing, 
amounted to a nominal 101% of the total 14C admini- 
stered. At 40 rain after injection the recovery was 80% 

(72% in tissues, plus 8%excreted as COs). The 20% of 
the laC dose not accounted for after 40 min may have 
been excreted in the urine or may have been present 
in the tissues not examined. 

In the oral-dosing experiment, recovery was less 
satisfactory. At 15, 90 and 180 rain after ~4C glucose 
dosing, the percentage of the dose recovered was 80, 
70 and 86% respectively. I t  is unlikely that  a signifi- 
cant amount was lost in the urine (not examined), since 
the blood glucose concentration remained relatively 
low throughout. Incomplete absorption of the admi- 
nistered glucose could have been a factor. PATKIN and 
MASORO [10] gave 1 g of glucose to male rats of about 
250 g body weight and found that  after 30 rain 29% had 
been assimilated from the gut and after 1 hour only 40 % 
was absorbed. Yet, since we measured the whole alimen- 
tary  tract  together with its contents, any glucose not ab- 
sorbed from the gut should have been included in the 
final tally. We are, therefore, unable to account for the 
14C not recovered, unless it was present in those tissues 
we did not examine, or unless there was a gross error in 
the calculated mean value of ~4C uptake by  one or more 
major tissues. This last seems unlikely, since the within- 
group variations were quite small: e.g. the individual 
values for totM 14C uptake 90 rain after glucose admi- 
nistration were 69.9, 76.7 and 65.5% of the injected 
dose. 

Discussion 

The greatest single tissue contribution to glucose 
assimilation was made by skeletal muscle, and skin 
and liver also took up important  amounts. The large 
contribution of skeletal muscle to glucose disposal is 
not  surprising if the great bulk of this tissue --  about 
38% of body weight -- is taken into account. Similarly, 
the pelt of the rats comprised about 20% of the body 
weight, and the considerable 14C uptake by skin is 
therefore not surprising. The 14C uptake by  the liver, 
approximately 9% of the intravenous dosing experi- 
ment, and 15~/o at the end of the intragastrie dosing 
experiment is, on the other hand, large in relation to 
the weight of this organ: tMs is reflected in the high 
specific activity values (counts/min. g wet weight) of 
Table 2, where the figure for liver was several times 
larger than that  of skeletal muscle in both the intra- 
venous and oral experiment. Although the liver clearly 
played an important  role in the disposal of both the 
intravenously and orally administered glucose load, its 
contribution is probably somewhat underestimated due 
to glycogenolysis induced by CO 2- asphyxiation at the 
t ime of killing. 

The 14C present in the lipid fraction of the summed 
tissues was small, amounting to only 1.7% of the in- 
jected amount  at 180 minutes after oral administration 
and 2.5% after 40 rain in the intravenous dosing ex- 
periment (Table 3). The 14C fraction presumably mainly 
represents glucose incorporated into triglyceride, both 
as labelled fa t ty  acids and as labelled glycerol, together 
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wi th  14C label led  " f ree"  f a t t y  acids. The low f rac t ion  
of the  in jec ted  14C which we found  in t o t a l  b o d y  l ipids  
(cf. Table  4 also) is compat ib le  wi th  the  low ra te  of fa t  
synthes is  ~o be expec ted  in ra t s  s t a rved  for as long as 
20 h. The resul ts  are  compat ib le  wi th  those  of o ther  
workers  [10, 8, 4]. 

We  have  been  unable  to  find a n y  earl ier  work  wi th  
which to  compare  our resul ts  in detai l .  V~BA [11 ] describ- 
ed the  d i s t r ibu t ion  of 14C af te r  in t r apc r i tonea l  in jec t ion  
of [U-14C] D-glucose into  mice fed ad lib. This work  
was, however,  des igned to  s t u d y  the  14C d i s t r ibu t ion  
in to  different  chemical  f rac t ions  of the  b o d y  as a whole, 
r a the r  t h a n  1~C ass imi la t ion  b y  ind iv idua l  tissues. 
A l though  the  expe r imen ta l  p rocedures  and  me thods  
were qui te  different,  the  presen t  resul ts  seem to be in 
b road  genera l  ag reement  wi th  VI~BA'S findings [11] 
except  for the  larger  incorpora t ion  of 14C into  l ip id  
(6.2~ one hour  af ter  inject ion)  in his s tudy .  The two 
approaches  are complemen ta ry ,  and  a comple te  p a t t e r n  
of glucose ass imi la t ion  could be ob ta ined  b y  app ly ing  
Vrba ' s  de ta i led  chemical  sepa ra t ion  to  ind iv idua l  
organs and  tissues. 
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