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Ear l ie r  research on the role of glucose in the synthes is  of milk  has been reviewed 
in I949 by  FOLLEY 1. The  u p t a k e  of glucose b y  the m a m m a r y  g land has been demon-  
s t r a t ed  r epea t ed ly  b y  the measu remen t  of a r te r io-venous  difference in glucose concen- 
t ra t ionL This  technique  na tu r a l l y  does not  produce  in format ion  on the quest ion how 
much  of the  absorbed  glucose enters  organic milk  cons t i tuen t s  and  how inuch is ca ta-  
bol ized to CO 2. FOLLEV AND FRENCH a s tud ied  the effect of glucose on the r e sp i r a to ry  
quot ien t  of m a m m a r y  g land slices and  observed a rise of this  quot ient  above  un i ty  
suggest ing mi lk  fat  synthes i s  from c a r b o h y d r a t e  in m a m m a r y  slices from non- ruminan t s  
bu t  no comparab le  effect in slices from ruminants .  

BALMAIN, FOLLEY AND (;LASCOCK 4 used t r i t ium,  13C, and 1~C in in vitro s tudies  of 
l ipogenesis  b y  m a m m a r y  gland slices. They  noted  tha t  r a t  slices incorpora ted  about  
8 t imes  more  glucose carbon and 6 t imes  less ace ta te  carbon into f a t t y  acids of mi lk  
fat  t han  d id  m a m m a r y  g land slices from sheep. 

DIMANT, SI~IITH AND LARDY 5 perfused an a m p u t a t e d  cow's udder  wi th  blood con- 
ta in ing 1-14C glucose and observed  near ly  equal  amoun t s  of r a d i o a c t i v i t y  in the glucose 
and galactose  moie t ies  of the lactose. This resul t  was consis tent  wi th  t ha t  of BARRY 6 
who in jec ted  1-~4C labeled  glucose into an in tac t  goat  and concluded tha t  glucose as 
well as galactose  mo ie ty  of the  lactose were der ived,  a t  least  in par t ,  from blood glucose. 
RElSS AND BARRY ~ la te r  in jec ted  glucose un i fo rmly  labeled wi th  ~zC into an in tac t  goat .  
They  noted  tha t  the  specific a c t i v i t y  of 14C in the  lactose followed closely the  corre- 
sponding ~pecific a c t i v i t y  in the  glucose of the  b lood wi th  about  x hour ' s  delay.  This 
obse rva t ion  led to the  conclusion tha t  b lood glucose is the  pr inc ipa l  source of glucose 
as well  as galactose  moiet ies  in lactose.  

The presen t  pape r  deals  with the  carbon  t ransfer  from glucose to r e sp i r a to ry  CO 2 
and to lactose,  casein, mi lk  fat, and  ci t r ic  acid in the in tac t  d a i r y  cow measured  b y  
in t ravenous  inject ion of glucose un i formly  labeled with  ~4C, and subsequent  de te rmi -  
na t ion  of the  ~(; levels in these subs tances  and in blood glucose and blood ace ta te .  

* This investigation was supported by a contract with the U.S. Atomic Energy Commission. 
** Public Health Service Research Fellow of the National Institute of Health; present address: 

McCollmn Pratt Institute, Johns Ifopkins University, BMtimore, Maryland. 
*** Predoctoral Research Fellow, [7.S. Atomic Energy Commission. 
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Glucose  is p r e s e n t  in  cows '  b l o o d  a t  l o w e r  c o n c e n t r a t i o n  t h a n  in b l o o d  of n o n - r u m i n a n t s  

a n d  is d e r i v e d  f r o m  f a t t y  ac ids  p r o d u c e d  b y  r u m e n  m i c r o - o r g a n i s m s  f e r m e n t i n g  o rgan ic  

c o n s t i t u e n t s  of t h e  feed.  Y e t  g lucose  is a m o r e  e f fec t ive  g e n e r a l  sou rce  of c a r b o n  in 

t h e  c o m p o n e n t s  of mi lk  t h a n  t h e  f a t t y  ac ids  are.  I t  c o n t r i b u t e d  8o°o of t h e  C in  l ac tose  
O/ a n d  in a d d i t i o n  a b o u t  6 O//o of t h e  C in ca se in  a n d  in  b u t t e r f a t .  O v e r  2 ,o of t h e  ~4C i n j e c t e d  

in  g lucose  a p p e a r e d  in  t h e  o rgan ic  c o n s t i t u e n t s  p e r  kg of mi lk ,  w h i c h  is t w i c e  as m u c h  

as  t h e  ~4C t r a n s f e r  f r o m  2-~4C a c e t a t e ,  a n d  a m o u n t e d  to  a r e c o v e r y  in t he  m i l k  of ove r  
o /  5 ° / o  of t h e  14C i n j e c t e d .  

EXPERIMENTAL 

Cows. Two 6 year-old Jersey cows were used. The cow for Trial I was in her fourth month of 
lactation. She weighed 457 kg and produced io kg of milk per day. Her plasma volume, measured 
with Dye-T-t824 (Evan's Blue) 8 amounted to 2o liters. The initial glucose level in the plasma was 
6o mg %. The cow for Trial II was used three months after calving. She weighed 526 kg and produced 
daily 15 kg of milk. Her plasma volume was also 2o liters. Her plasma contained 61 mg% glucose 
at the start  and 45 mg°o at the end of the trial. 

Tracer. The uniformly labeled glucose was prepared by exposing a Canna leaf to 14CO 2 and 
then isolating the glucose according to the method of PUTMAN AND HASSID 9. Degradation of glucose 
prepared by this method has shown uniform labeling 1°. 

Injection and dose. A total of 2.9 mc of 14C in i gram of glucose was injected into cow I and 
1.45 mc in o.85 grams of glucose into cow II. The relative injected dose thus amounted to 6.27/tc/kg 
body weight in Trial I and 2.76 ptc/kg in Trial II. 

The injection of the labeled material, dissolved in about 3 ° ml of sterile saline solution, was 
performed through plastic tubes that  had been inserted into the jugular veins of the cows on the 
day before the trial by the metb.od previously described n. The injected glucose amounted to less 
than lO% of the total plasma glucose. 

d~mlyses. A description of the respiration apparatus used and the technique followed for 
measuring the CO a production of the cows, and the 14C activity in the expired CO2, is found in an 
earlier publication 12. 

The 14C in the non-fat organic compounds lactose, albumin, casein, citric acid, and glucose 
was measured in carbonate resulting from dry combustion of these compounds in a semi micro 
combustion oven. The method of I?REGL AND GRANT 13 was modified by OABOUREL 14 to avoid 1~C 
cross contamination between samples. 

Milk fat combustion was carried out by wet combustion with periodate 15. 
The acetate prepared out of blood plasma by steam distillation 16 was transferred to a small 

volume of 5 o.,/o butanol in chlorofornl by the method of ELSDEN 17 and then chromatogranlmed on 
silica gel according to MARVEL AND RA.~DS l~. The fraction containing the acetate was extracted 
with o.i N NaOH. The organic solvents were boiled off from the extract and then the acetate was 
oxidized with potassium persulfate according to CALVIN et al. 15. The isolation of plasma glucose is 
described by BAXTER el a l )  9. 

Citric acid was prepared out of the milk by LUCAS, HIRAHARA AND ]~{ANEKO 20 who adapted 
to milk a chromatographic method described by BUSH, HURBERT AND POTTER for preparing citric 
acid out of liver homogenates 21. 

Unil [or expressing specific radioactivity. As in our earlier publications we express the tracer 
concentration in standard specific activity given in microcuries per gram atom C in the various 
substances, per unit of the relative injected dose, which latter is expressed as microcuries injected 
per kg body weight. 

To simplify the discussion we shall call the quotient /ic per gramatom C in substance = s.u., 
the number of "standard units". /,c injected per kg body weight 

RESULTS AND DISCUSSION 

T h e  s t a n d a r d  specif ic  a c t i v i t y  of t h e  r e s p i r a t o r y  CO 2 s h o w s  good  a g r e e m e n t  b e t w e e n  

t h e  t w o  t r ia ls .  I t  r e a c h e d  a m a x i m u m  of a b o u t  9 s.u.,  b e t w e e n  3o a n d  4o m i n u t e s  a f t e r  

i n j e c t i o n  of t h e  u n i f o r m l y  l a b e l e d  glucose .  The  r e s u l t s  for  t h e  f i rs t  3 h o u r s  a f t e r  i n j e c t i o n  

are  s h o w n  on F ig .  I .  

Th i s  m a x i m u m  a c t i v i t y  in  r e s p i r a t o r y  CO a a f t e r  g lucose  i n j e c t i o n  is lower ,  a n d  
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occurs later ,  than the corresponding m a x i m a  observed af ter  in ject ion of ~'C labeled 
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ace ta te ,  p rop iona te ,  or b u t y r a t e  22, 2a, 2t. 
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I 2 
TIME FROM INJECTION IN HOURS 

F i g .  I .  I1(; in r e s p i r a t o r y  C O  2 a f t e r  i n t r a v e n o u s  
injection of uniformly labeled glucose and 

/,c/mole CO 2 
carbonate. {,, in /ic iiijec(i]kg body wt 

carbonate; O glucose trial I; .:: glucose 
trial II. 

T.\ I~,I.F- I 

PIt:RCENT OF INJ ECTEI) DONE I';XCRETEI) AS, 1 4 ( ' 0  2 

l ' t m c  / re in  s*(: ]ahch'd mah ' r ia[  in lech 'd  

hours  ( '~lrbom#~* , t cc&lh'* * (;[ttco,~c l 
¢ ~) ( ..: : , . )  ¢ / )  

i 5 s i 7 9 

_, 72 3 ° i 7 

3 78 3 s 23 

* Carl)onate Trial IV described before 22 1)ut 
without the percent excretion. 

** Mean values of individual results obtained 
with r-14C and --11C acetate t'a. 

Table  I compares  the  amoun t  of uC 
exp i red  as ~4CO2 dur ing the first three  hours 
af ter  in jec t ion  of nn i fo rmly  labeled glucose, 
ace ta te  22 and ca rbona te  'a. Carbon from glucosE: 
goes to CO 2 at  a slower ra te  than  carbon from 
any  o ther  compound  tes ted  in our l abo ra to ry  ; 
t ha t  includes,  besides ace ta te  and  carbonate  
men t ioned  in Table I, the o ther  f a t t y  acids 
from formate  to caproate .  I t  appears  as if 
the cow were very  generous in provid ing  
glucose for milk  format ion  bu t  very  reh lc tan t  
in using glucose its a fuel, or, looking at  the  
s i tua t ion  from tile poin t  of view of compet i -  
t ion between organs, the m a m m a r y  gland 

seems to be very  efficient in "ca tch ing"  gIucose from tile blood s t ream and incorpora t ing  
i t  in milk  const i tuents ,  a view expressed before 1)y KREN(:H (PoPJ.\K26). 

I )ur ing  the first 3 hours af ter  in ject ion 1.0 t imes  as ranch aft; wits recovered  in 
the organic componen t s  of milk  its was expi red  in CO 2. These resul ts  wi th  glucose differ 
m a r k e d l y  from those wi th  the  f a t t y  acids from which in each case more llC was given 
off as r e sp i r a to ry  CO2 dur ing  the first 3 hours a f te r  in ject ion than  was t ransfer red  to 
the  mi lk  cons t i tuents .  

In  glucose Trial  I I ,  unfor tuna te ly ,  we lost the informat ion  on total  1~(; excret ion.  
An impossible  resul t  (15o % recovery  of lff-) led to the  d iscovery  of an abnorma l  measure-  
ment  of t i le ven t i l a t ion  rate ,  p r e sumab ly  the result  of a leak in the  air  line af ter  the  
absorber  for CO 2. 

Table  I I  shows the appearance  of the t racer  in milk.  Of the l~(; in jec ted  as glucose 
in Trial I, .56% was t ransfer red  to organic compounds  in the  mi lk  in two days ,  (2.7°£, 
pe r  kg of milk) and 4 o°',,o appea red  in r e sp i r a to ry  CO2; tha t  left only. 4% tha t  might  
have been incorpora ted  in body  cons t i tuents  wi th  a low tu rnover  rate.  Of the 14C 
t ransfer red  to mi lk  componen t s  in two days  83°0 went to lactose, 11% to milk  fat,  
420 to casein and 2 % to o ther  compounds ,  ma in ly  a lbumin.  

Re/erc~ccs p. ..':~v. 
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Time  
Trial  lrom injection 

1 

lI  

TAB[.E II 

14C IN MILK IN °i' ~ OF 140 1NJECTED IN GLUCOSE 

Milk  produced )1(2 in mi!k in % ot iniected ~'(" 

Total 
h kg l.aclose Mille ~at Casel'n A lbumin  Citric acid 

% % % % % 
T. ta l  

% 

34.2 2.0 t. 4 0. 4 38.0 
44 .° 4.9 2.t o. 7 51.7 
40. t 6.o ".3 o.8 55.2 
4 0 . 5  0.  3 2. 4 0 . 8  5() .0  

4~.6 6. 4 2. 5 0.8 • - 5~.3 

27 5 o.6 i .6 o. 4 o.2 30.3 
48.2 5.() 3.0 l.o 0. 4 58.2 
53.7 7-7 3.5 1-3 o.5 {~I~.7 
55.o 9-t 3.6 1.3 o.5 ~9-5 
55.4 9.3 3 .8 i .4 o.5 70.4 

3.5 1.6 
io.o 4.4 
22.2 9.9 
35.0 i5.7 
46.0 20.6 

3.3 2.0 
io.8 6.6 
23.T 13.8 
38.4 2o.0 
47.2 27.9 

I n  T r i a l  I I  70 % of t h e  i n j e c t e d  14C a p p e a r e d  in  t h e  o r g a n i c  m i l k  c o n s t i t u e n t s  d u r i n g  

two  days .  T h i s  t r a n s f e r  a m o u n t e d  to  2 . 5 %  of t h e  i n j e c t e d  dose  p e r  kg  of mi lk .  Of t h i s  

1~C in  mi lk ,  7 9 %  wa s  f o u n d  in  l ac tose ,  1 3 %  in  m i l k  fa t ,  5 %  in  case in ,  2 %  in  a l b u m i n ,  
a n d  o/ 0 .7 /o  in  c i t r i c  ac id .  T h e  a m i n o  ac ids  of t h e  l a b e l e d  c a s e i n  we re  i s o l a t e d  for  a s t u d y  

of t h e  ro le  of g lucose  i n  t h e  s y n t h e s i s  of a m i n o  acids2L 

"I'ABI.E I I [  

SPECIFIC 14C ACTIVITY IN MILK CONSTITUENTS 

Time ~s, in s.u. : - l*c per gram atom C in constituent 

l 'criod /rom injection end itc injected per kg body weight 
o.i period hours 

Lactose Casein 

Trial I Trial I[  I I1 i l I  1 II 1I 

l 3.5 3.4 59.76 43.23 2.80 2.84 1.52 0.39 9.4 I 
2 10 II 9.02 13.95 0.70 1.10 1.24 1.42 3.02 
3 22 23 I.OI 2.38 O.J 3 0.25 0.24 0.39 0.85 
4 35 35 O. t8 O.58 O.O 5 O.O 7 O.O 7 O.27 O.2O 
5 't 6 47 0.08 O. I8 0.03 0.05 0.03 O.O 4 0.26 
6 58 59 0.05 o. 15 0.03 0.03 0.02 o. l 2 
7 7 ° 72 0.07 0.07 0.04 o.o I 0.02 0.24 

Milh /at Citric acid 

T a b l e  I I I  s h o w s  t h e  speci f ic  1~C a c t i v i t y  in  t h e  m a j o r  c o n s t i t u e n t  of t h e  m i l k  as 

a f u n c t i o n  of t h e  t i m e  f r o m  i n j e c t i o n .  T h e  s t a n d a r d i z e d  specif ic  a c t i v i t y  in  t h e  3 h o u r  

l a c t o s e  s a m p l e ,  6o a n d  43 s.u.,  f r o m  T r i a l  1 a n d  I I  is IO a n d  8 t i m e s  r e s p e c t i v e l y  as 

h i g h  as t h a t  of t h e  " h o t t e s t "  m i l k  c o n s t i t u e n t  r e s u l t i n g  f r o m  o u r  p r e v i o u s  t r i a l s  w i t h  

f a t t y  acids ,  n a m e l y  l a c t o s e  a f t e r  i n j e c t i o n  of 2-HC l a b e l e d  p r o p i o n a t e %  T h e  speci f ic  

a c t i v i t y  in  all  m i l k  c o m p o n e n t s  fal ls  off r a p i d l y  a f t e r  t h e  f i rs t  or, for  fa t ,  a f t e r  t h e  

s e c o n d  s a m p l e .  T h i s  f a s t  d e c r e a s e  i n d i c a t e s  r a p i d  u t i l i z a t i o n  of g lucose .  

T h e  specif ic  a c t i v i t y  in  m i l k  fa t ,  1.5 s.u.  in  t h e  f i r s t  a n d  I.  4 s .u.  in  t h e  s e c o n d  

s a m p l e  for  T r i a l s  I a n d  I I  r e s p e c t i v e l y ,  is l o w e r  t h a n  t h e  c o r r e s p o n d i n g  specif ic  a c t i v i t y  

in  m i l k  f a t  a f t e r  i n j e c t i o n  of l a b e l e d  a c e t a t e  22 w h i c h  in  t h e  s e c o n d  ( Io  h o u r )  s a m p l e  

a v e r a g e d  2.4 s .u.  T h a t  a c e t a t e  w o u l d  be  m o r e  l i p o g e n i c  t h a n  g lucose  c o u l d  b e  e x p e c t e d  

Re/ere~ces  p. '..'60. 
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bu t  we were surprised to note that  glucose labeled milk fat more highly than did : or 2 
labeled bu ty ra t e  2~, which led to a specific activity of bu t te r fa t  in the end (:r) hour) 
milk sample of only o.3 to 0.6 s.u. The rather  effective labeling of but te r fa t  by l~(- 
labeled glucose in our cow differs from the observat ions of PV.'rI~RSl;N ''s and those of 
DIMANT, SMITH AND LARDY 29 who injected uniformly labeled and I -~(: labeled glucose 
respectively into amputa t ed  perfused udders of cows and detected only insignificant 
amounts  of the tracer in the milk fat. We have at present  not enough da ta  for an 
explanat ion  of this difference in the behavior  of the in tact  cow and the perfused isolated 
udder.  Possibly the conversion of carbohydra te  carbon to fat carbon in the in tact  cow 
occurs outside the udder, bu t  it is also possible tha t  the isolated udder  has lost a metabolic 
abi l i ty  which normal ly  operates in the udder  of the in tact  cow. 

As in previous trials with other metal)olites22,2a, -°4 we may est imate the relat ive 
importance of carbonate  fixation in the transfer of carbon glucose to the cons t i tuents  
of the milk. 

Table IV shows this calculat ion and its result  for lactose formation.  Less than : % 
of the carbon transferred from glucose to lactose goes via the plasma carbonate  pool. 
The analogous calculation for the transfer to milk fat indicates  also a minor  role of 
carbonate  in the (" transfer from glucose to milk fat. This result  is, however, unreliable 
because the carbonate  transfer quot ient  for milk fat fo rmat ion  is inaccurate  za. In the 
t ransfer  of carbon from glucose to casein, the p lasma carbonate  pool is more important ,  
about  :o'I,, (Trial I) and 4% (Trial II) of the carbon appear ing in casein from glucose 
came via carbonate .  

T:k BI.I'; IV 
14C TI).ANSF/o2R "re LACTOSE VIA C()  2 1N PERCENT OF TOTAl. 14@ IN LACrOSE 

{Calculated without delay) 

Time T r i a l  
al  o l d  

a t ld  
pe r iod  o/ p~,rl(~,l 

tl¢)l¢~'v 

I.  i 3.5 
2 IO 

3 22 

4 35 

]l. t 3.4 
2 ]0.8 
3 2 3 . ]  
4 34 .8 

T o t a l  H (  D'atIsL go l ach~c  7'ia (702 lo l~tclo,s~" > ~ ; t ~  It 

" ,i .f 5 - ,t .~,,, ~ t  j,~,,sa, j j 
2,, in per iml  in per iod  a s I¢ Os I! , ~, - ( / r . m  q ,~d t  

i~,1 l:?l lilt '5 ()" ('¢11"1)¢)17,(1 {g" o ~' ~J 
t~l t)l tth'x Crials) o 

5Q.7 () 21o 12 550 I2 55 ° I ISO O.O 4 47 o-38 
0.62 30o 3,752 1(),3o2 138o o.o 7 :oo o.~): 
r.ol 72o 7"7 t 7,o'9 ]444 o.°9 J3 o °.76 
o.:8 78o t4o 17,10(1 1485 O. IO I48 0.86 

43.-'4 204 S,8,~ S,S-' 1 732 o.o 3 -- o.- 4 
: 3 . 9 5  444  0 , ] 9 5  15,oI()  [ : 3 o  0 .08  ()o o.()o 

2.38; 738 ],76o 16,777 t28(> o.oo 1:6 o.69 
o.58 7o2 4o4 t7,[8o t36o o. lo [3 () o.79 

i*c per gram atom C 
),s - standardized spec. 14C activity in lactose in s.u. -- 

/,c injectl perkg wtl 
t~s -- standardized spec. 14C activity in respiratory CO 2 in s.u. 
q = carbonate fixation quotient for lactose formation determined in earlier trials with labeled 

c a r b o n a t e .  (KLI~2IBER, SMITH, AND BLACK, I 9 5 2  ). 

Table V shows the specific 1~C ac t iv i ty  in glucose and acetate of the blood plasma. 
The level of ac t iv i ty  in plasma glucose is consis tent ly  higher in Trial  I[  than  in Trial I. 
P resumably  the difference is, at  least in part,  the result  of a relat ively smaller p lasma 

Re/erences ]5..-'6o. 
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vohlme in the cow of Trial  II .  Bo th  cows conta ined 20 liters of blood plasma. In  cow 

of Trial  I, who weighed 457 kg, this meant  4.4%, in cow of Trial  II, however ,  wi th  a 

body weight  of 526 kg, the p lasma amoun ted  to only 3.8°i,, of her body weight.  The 

specific ac t iv i ty  in p lasma glucose decreased rapidly.  Three hours after  the  inject ion 

it amounted  to only 1% of the theoret ical  ac t iv i ty  at the start .  The calculat ion of this 
init ial  ac t iv i ty  is explained in Table V. The rat io of the specific act ivi t ies  in blood 

glucose in Trial  II  to those in Trial  I increased with t ime from injection.  At the same 

t ime the glucose concent ra t ion  in the p lasma of cow II  decreased. Both  obserwtt ions 

suggest a re la t ive  decrease in the ra te  of glucose synthesis  in cow II  dur ing the trial. 

The t)lasma aceta te  contains ve ry  l i t t le  14(; (see Table  V). This result  indicates  tha t  in 

the cow only small amounts  of aceta te  are formed f rom plasma glucose. Transfer  through 

the p lasma aceta te  pool cannot,  therefore,  account  for the fact tha t  af ter  in ject ion of 

labeled glucose the specific ac t iv i ty  in milk  fat rose as high as 6o% of the m a x i m u m  

specific ac t iv i ty  of milk fat observed in our trials af ter  inject ion of labeled acetate.  

The high labeling of fat f rom glucose is explained bv the recent  observa t ion  of T. ROGERS 

in our labora tory  3° tha t  a lmost  all a4(; in milk fat af ter  inject ion of labeled glucose is 

located in the glycerol  moie ty  of the fat. 

"I'ABtA~ V 

SPI*2CIFIC 14C ACTIVITY 1N GLUCOSE AND ACETATI'2 OF BLOOI) 

Trial 1 Trial 11 

1)Iasma glucose Plasma acetate Plasma glucose Plasma acetate 
t t 

0 ( I I 4 3 )  --- 0 ( I 3 0 8 )  - -  
22 I 8 3  29 2.26 9 28; 0.27 
3 C) 124 - I 6  218  o.31 

60 79 66 0.72 25 ~66 0.26 
89 47 - 4 ° lO6 0.25 

121 32 126 1.15 60 72 
153 21 9 ° 52 
18i 13 187 1.48 ~2o 27 
402 1.9 -- 15o 19 
655 0.6 18o i8 

13o9 0.2 - 309 4.7 
614 0.7 

145o 0.2 

t ~ time from intravenous injection of all-labeled glucose. 
~ ~ standard spec. 1"1C activity in s.u. = Fc per gramatonl C in glucose 

/*c injected per kg body weight. 
* ~s,o,~ calculated as follows: Cow contained 20 liters of plasma (measured) with 6o rag% glucose 

(measured), that is 12 g glucose which contains 0. 4 gramatom carbon. Injected 2.87 nlc 14C. This 
amounts to 7 1 8 o  lie 14C per gram atom C in plasma glucose, or 718o/6.28 -- 1143 s.u. 

** ~,o,H calculated as follows: Cow contained 2o liters of plasma (measured) with 61 mg% 
glucose (measured), that is 12.2 g glucose which contains o. 4 gram atom carbon injected 1.45 mc 1~C. 
This amounts to 363o/~c per gram atom C in plasma glucose or 363o/2.76 = 13o8 s.u. 

Table VI shows the calculat ion of the g lucose- lac tose  t ransfer  quot ien t  for carbon. 
This quot ien t  indicates  the rat io be tween  the rate  of t ransfer  of glucose carbon to lactose 

and the ra te  of lactose format ion  expressed in terms of all carbon a toms incorpora ted  
into lactose dur ing a given period. This quot ien t  (q) increases with t ime from inject ion 

R e / e r e n c e s  15. 26o .  
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]hmr 
l'vriod cml o/ 

pvr 

T r i a l  I 

1 3-5 
2 lO 
3 e-' 
4 35 

T r i a l  11 

l 3-4 
2 no.8 

3 "3  .I 
4 34 .8 

T.\I~;LI :. V[  

CAR|3ON TRANSI~'E|{ FROM Iq..XNMA (;I~UCONE TO MILK (7()NNI'I'I'ITJ,;.NFN 

.! Milk c,mslegltcn[~ 

It [ .'r S d l *  l .a~ lom" 
t'*t pvr. J :1 (Ta%cl)t l"al 

ht plasma 2~ 2~ It ,t~ II q** . , o ° ° 0 

( " I / H e  o l  t'd 
q~* 

2 io  2 0 7 5 o  50.7() 12000 12000 5~ 2.S I. 5 
30o  2 1 8 9 o  0 .o2 3752 I575,_ 7;  3 .0  3-7 

7'-o . ' - 2 o o  1.oI 7"7  1047q  74 4.3 @4 
78(3 - 220o  o. i S 14 (-) i ()010 75 -t-5 4- () 

"o  4 i 7S~)o 43 . : - t  NS- I 8821 40 3.-' o .4 i J 
444  v956o 13.q5 ()I()5 15OI0 77 5-5 3 .0 ~7 
738  n 9 0 8 0  e.3 s 170o ~ 0 7 7 0  S 4 0. 3 5 .o  I 9 
7 o -  ' - e l  0o o.SS 4o.t ~ 7 r 80 85 o.5 5 .0  - o  

* T h e  t i m e  i n t e g r a l  of  t h e  spec i l i c  a c t i v i t y ,  .%, in p k t s n l a  g l u c o s e  w a s  o b t a i n e d  b y  p l o t t i n g  t h e  
r e s u l t s  of  T a b l e  V, u s i n g  i n t e r p o l a t e d  m e a n s  for  io  m i n u t e  p e r i o d s  for  i n t e g r a t i ( m ,  a n d  t h e n  p l o t t i n g  
t h e  i n t e g r a l s  a g a i n s t  t i m e .  F r o m  t h e  r e s u l t i n g  c u r v e  t h e  i n t e g r a l  a t  a n y  p a r t i c u l a r  t i m e  (3.5, r e  h) 
c o u l d  b e  r e a d .  

** T h e  t r a n s f e r  q u o t i e n t ,  q i n d i c a t e s  t h e  p e r c e n t a g e  of  t h e  c a r l ) o n  iu l ac to se ,  c a s e i n ,  fat ,  o r  c i t l i c  
a c i d  t h a t  ual l le  t o  t h e s e  c o m p o u n d s  z,ia t h e  p l a s m a - g l u c o s e  po(A. 

reachil~g a plateau at 35 hours. This apt)arent dependence of the transfer quotient on 
time from injection may be explained as a result of several different metabolic paths 
from glucose to lactose its discussed earlier for carbonate f ixat ion  2~. An intermediary 
pool between plasma glucose and lactose would also explain the observed correlation 
between transfer quotient and time from injection. 

About 4/5 of the lactose carbon apparently was derived from the plasma glucose 
pool*, about r/5 of the carbon in citric acid of the milk was contributed by this pool 
but only 4 to 6°i, of the carbon in casein and in butterfat  had this origin. This result 
does not necessarily mean that  only 2o% or less of the lactose originates from precursors 
synthesized in the m a m m a r y  gland. I t  is possible that  some glucose (or related meta- 
bolite) is synthesized in the m am m ary  gland and joins the ghtcose pool. If the exchange 
between plasma glucose and m a m m a r y  glucose is rapid enough, then the specific activity 
measured in one (in our ease plasma) is also representative for that  of the other. 
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SUMMARY 

t. Glucose uniformly labeled with 14C was injected into the jugular  veins i)f two normal lactating 
dairy cows as single doses of 3 and 6 microcuries per kg body weight respectively. The injected 
glucose, about  x gram, amounted  to less than io °o  of the plasma glucose. 

2. Between 3 ° and 4 ° minutes  after injection the radioactivity of the respiratory CO 2 reached 
a max imum of 9 microcuries per uni t  of the relative injected dose (/*c injected per kg body weight). 

3- During the first 3 hours  after injection of uniformly labeled glucose less 14C appeared in 
the respiratory CO 2 than was expired during the corresponding period in earlier trials after injecti~m 
of 1~C labeled acetate, propionate,  or lmtyrate.  

4- More than  5o(}o of the 14C injected as uniformly labeled glucose appeared m the organic 
const i tuents  of the milk within lo hours after injection. Over 80°o of this 14C in milk components  
was found in lactose. 

.5- In the first milk sample, 3 hours after injection, the specific 14C activity in the components  
of the milk decreased in the following order: l~actose - ~  Citrate - ~  Casein ~ Milk fat. 

6. Only about  t o{) of the carbon transferred from plasma glucose to lactose passed the carbonate  
pool, 4 to lo 0,4 ' of the carbon transfer  to casein followed this path.  

7- Three hours after injection the specific 14C activity in blood glucose had decreased to about  
1 o~ of its theoretical level at the time of injection, the latter calculated from injected dose, plasma 
volume and glucose level in plasma. 

8. About  4/5 of the lactose carbon came trom carbon in p lasma glucose or a pool in rapid 
exchange with p lasma glucose, t/. 5 of the carbon in citrate originated from this pool and at)out 
.5 o~, of the carl)on in casein and milk fat. 

R$:SUME 

I. DU glucose, marqud par  14C ~t toutes  les positions 6 du carbone, fur inject6 int raveineusement  
g deux vaches en lactation en doses uniques de 3 et 6 microcuries par  kg du poids vif. 

2. 3o h 4 ° minutes  aprhs l 'injection, la radioactivit6 de l'aeide carbonique respiratoire atteignit  
nn m a x i m u m  de 9 microcuries par  unit6 de la dose relative injectde (microcuries injectds par kg 
de poids vif). 

3. Pendant  3 heures aprhs l ' injection du glucose marqu6 nous trouv'Ames moins de 14C dans 
l'acide carbonique respiratoire que nous n'en avions trouv6 pour la p6riode correspondante  dans 
des expdriences avec des acides ac6tique, propionique, et butyr ique  marquds par  14C. 

4. Dix heures apr6s l 'injection, plus de 5o °~ o du 14C inject6 6tait dans les substances organiques 
du lait, 80 o.{) du 14C du lait se t rouven t  dans le lactose. 

5. Parini les const i tuants  du lait tir6 3 heures aprbs l 'injection du glucose marqud l 'activit6 
sp6cifique 6tait la plus grande dans le lactose, moindre dans l'acide citrique, encore momdre  dans 
la cas6ine e t l a  plus petite dans la graisse. 

6. Une fraction tr6s petite, ~ °,o, du carl)one transfdr6 du glucose du plasma au lact()se passa 
par  le stade ("pool") carbonate,  mais 4 b~ io°~ du carbone du glucose transfdr6 dans llt casdine 
passa  par  CO~. 

7. Pendant  les 3 heures qui suivirent  l ' injection du glucose marqu6, l 'activit6 sp6cifique du 
14C dans le glucose du p lasma diminua rapidement.  Trois heures apr6s l 'injection, l 'activitd ne fur 
plus que I O, o de l 'activit6 th6orique au moment  de l'injectioiL Cette activit6 th6orique originale Gut 
calcul6e d 'apr6s le rappor t  entre la quant i t6  de t4C inject6 e t l a  quanti t6 de glucose mesurd dans le 
sang. 

8. Environ 4/5 du carbone dans le lactose a son origine dans le glucose du sang ou daus un 
"pool"  mdtabolique qui est en 6change rapide avec le glucose du sang. Un cinqui6me du carbone 
de l'acide citrique du lait et 5 o~ du carbone de Ia cas6ine et de llt graisse du lait proviennent  de ce 
"pool"  de glucose du sang. 

ZUSAMMENFASSUNG 

t. Gleichm~ssig mit  14C signierte Glucose wurde in die Jugularvenen zweier laktierender Kiihe 
injiziert und zwar in Eizelinjektionen yon 3, resp. 6, Mikrocuries pro kg K6rpergewicht.  Die Menge 
der injizierten Glukose, ungefiihr ein Gramm, machte  weniger als lo ° o der f ' lasmaglukose der Kiihe 
a u s .  
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2 6 o  M. KLEII3ER el  al. V()L. 1 7  ( ~ 0 5 5 )  

2. I n  3 ° Iris 4 ° M i n u t e n  n a c h  de r  I n j e k t i o n  e r r e i c h t e  die  R a d i o a k t i v i t R t  de r  a u s g e a t m e t e n  
Kohlens~iure  e in  M a x i m u m  yon  9 M i k r o c u r i e  p ro  E i n h e i t  de r  r e l a t i v e n  i n j i z i e r t e n  Dos is  (Mik rocu r i e  
p ro  k g  K 6 r p e r g e w i e h t ) .  

3. \ \ :~ ih rend  de r  e r s t e n  3 ,q tunden llaCh de r  l n j e k t i o n  yon  s i g n i e r t e r  ( . l u k o s e  e r sch ien  wen ige r  
~( ;  in d e r  A t m u n g s k o h l e n s ~ i u r e  a l s  in de r  v e r g l e i c h b a r e n  Z e i t d a u e r  in f r i iheren  V e r s u c h e n  nach  
I n j e k t i o n  y o n  s i g n i e r t e m  A z e t a t ,  l ' r o p i o n a t  und  13utyrat .  

4. ] n n e r h a l l )  Io S t u n d e n  nach  de r  l n j e k t i o n  yon  s i g n i e r t e r  ( ; l u k o s e  e r sch i en  m e h r  als  5 0 %  
der  i n j i z i e r t e n  l { a d i o a k t i v i t f i t  in o r g a n i s c h e n  B e s t a n d t e i l e n  de r  Milch,  t iber  8 o %  h i e r v o n  im Milch-  
zucker .  

5. Die  spez i f i s ehe  ~ C - A k t i v i t f i t  in [ ~ e s t a n d t e i l e n  de r  e r s t en  Mi lchpro l )e  (3 S t u n d e n  n a c h  de r  
I n j e k t i o n )  n a h m  n a c h  f o l g e n d e r  lCeihenfolge a b :  M i l c h z u c k e r  ~ Z i t r o n e n s ~ t u r e  -÷ Kase in  
Mi l ch fe t t .  

~. N u r  unge f f ih r  ~ % des  Koh lens to f f s  de r  yon  l q a s m a g l u k o s e  zu l~ak tose  g ing,  p a s s i e r t e  den  
[ ~ a r b ( m a t " p o o l " ,  a b e r  4 his i o %  des  K o h l e n s t o f f t r a n s p o r t e s  yon t . a k t o s e  zu K a s e i n  g i n g  i ibe r  
Koh lens i t u r e .  

7. N a c h  de r  I n j e k t i o n  t ier  s i g n i e r t e n  ( ; l u k o s e  n a h m  die  spez i f i sche  ~4C-Akt iv i t / i t  de r  P l a s m a -  
g l u k o s e  r a sch  ab.  In  3 S t u n d e n  w a r  sie au f  unge f t ih r  t % des  t h e o r e t i s c h e n  N i v e a u s  zu r  Ze i t  u n m i t t e l  
b a r  n a c h  de r  l n j e k t i o n  a l )ge sunken ,  w e l c h  t h e o r e t i s c h e s  N i v e a u  m a n  aus  de r  g e m e s s e n e n  M e n g e  
yon l ' l a s m a g l u k o s e  u n d  de r  Menge  i n j i z i e r t e n  R a d i o k o h l e n s t o f f s  schf i tzen  k o n n t e .  

8. l ' n g e f t i h r  4/5 des  K o h l e n s t o f f s  im M i l c h z u c k e r  k a m  v o m  Koh lens to f f  de r  P l a s m a g l u k o s e  o d e r  
e i n e m  ( ; l u k o s e " p o o l "  in r a s c h e m  A u s t a u s c h  m i t  P l a s m a g l u k o s e ;  au s  d i e s e m  " P o o l " ,  o d e r  P l a s m a -  
g lukose ,  s t a m m t e n  I/5 des  K o h l e n s t . f f s  in de r  Z i t r o n e n s l i u r e  de r  Milch und  5 %  des  K o h l e n s t o f f s  
im lKasoin nnd  im Mi lch fe t t .  
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