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Intracellular Distribution of Vito B12-C d iO in Liver and Kidney of
B12 Deficient and Normal Rats.*t (25127)

D. R. STRENGTH, W. F. ALEXANDER AND J. P. \VACK

Depts. of Biochemistry, Anatomy and Pathology, St. Louis University School of Medicine,
St. Louis, Mo.

Results of microbiological assays of frac­
tions of mouse liver (1) indicated that Vito
B12 is concentrated in mitochondria. Kidneys
of rats(2) contained most radioactivity 96
hours after parenteral administration of B1'r

COHO. At 48 hours(3) most radioactivity w~s
present in supernatant fraction of kidneys in
bound form, and measurements at various
time intervals after administration of B12-C0 60

(4) showed that kidneys progressively lose
radioactivity. Intracellular distribution of ra­
dioactivity of administered B12-Cd

iO in livers
of rats(3,5,6) and of cobalt?" in organs and
intracellular organelles of mice (7) was studied.
The relationships of amounts of Vito B12 in
fractions of kidneys and livers of normal and
deficient animals at different time intervals
after administration of vitamin has not been
studied. We studied the intracellular distribu­
tion of B12-Ca:

60 and cobalt''" in kidneys and
livers of normal and B12 deficient rats at inter­
vals after the last injection of radioactive com­
pounds.

Methods. Rats of the St. Louis University
colony were fed soybean meal diet of Hogan
et at. (8) for production of deficiency of B12

and soybean meal diet with 90 ftg Vito B12/kg

of diet or Purina lab chow for control animals.
Rats fed these diets for 8 to 10 weeks received
1 or 5 injections (1 ftc each injection at 24
hour intervals) of Ca:6°CI

2 or high specific ac-

*Aided by grant from Nat. Vitamin Fn.

t The authcrs wish to thank Agnes Kirkpatrick
for valuable technical assistance in conducting nitro­
gen determinations.

tivity B12-C0 60 . + At intervals after last injec­
tion, animals were sacrificed and samples of
liver and kidney excised, weighed, homoge­
nized in cold 0.88 M sucrose, and cellular com­
ponents separated by differential centrifuga­
tion (9) . Microsomal fractions were prepared
by centrifuging 1 hour at 100,000 x g in a
Spinco :Model L centrifuge. Each sedimented
fraction was washed twice with sucrose and
the sediment suspended in 5 ml of sucrose for
each gram-equivalent of original tissue used.
There was good agreement between cts/rninj
of minced tissue, homogenates and the sum of
cts/min of the fractions. Radioactivity recov­
ered in fractions was 88% to 102% of that in
homogenates. Nitrogen was determined by
micro-Kjeldahl procedure.

Results. Table I shows distribution of ni­
trogen in fractions of liver and kidney of nor­
mal and deficient animals. Normal group
contains data on animals fed laboratory chow
(Table II) and soybean meal diet supple­
mented with 90 ftg of B12 (Table III). Sepa­
rate treatment of data on nitrogen distribution
showed no difference between groups so the
data were combined. Nuclear and mitochon­
drial fractions of liver and kidney of deficient
animals contain more nitrogen than these frac­
tions of normal animals. Conversely, micro­
somal fraction of tissue of normal animals

+High specific activity B12-CofiO (1121 ftc/mg)
was furnished through courtesy of Dr. Nathaniel S.
Ritter, Merck Sharp & Dohme, Rahway, N. J.

~ Radioactivity was counted with a Tracerlab
SC-57 low background well scintillation counter and
an 5C-18A scaler. ctsyrnin == counts/min.
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'J'ABLE 1. Dixt ri hut iu» of C\ijrogell ill Frac·t;olls of Liver and Kidney 'I'issuc. Values given
:II'A the mean ± stHHdnl'd r-rror in t erm« of Hlg :\/fntdioH equivalent to one gram of fresh

t issur-.

XOl'llln1 Iivvr'
lrcficieut livcr

C\ol'mal kid-
ney

Defici eut kill­
]ley

Recovery
C\o. l\liel'o- total
r"t~ lI01Il0gl·lt:lft· );11<·1,·; Xl itochoud rin somes SlipI' rna tant means

1-1 :i7.07 ± :~. 1~ :',.87 ± .li1 fi.O;{ ± ..... 7.1G ± .52 17.:14 ± 1.82 86.60
,}.} :l!U\7 ± 1.+1 li.~:\ ± .:1li 7.:-jH ± .)- :'l.21 ± .28 19.10 ± .71 87.92._1

1-1 :)l.Ii2 ± 1.8!) ;l.:\8 ± .-1li ."j.~l; ± .21 "Ali ± .47 H.D8 ± .7ll 8] .08

qol ;:)1,i);j ± .ll1 li.Oli ± .iil .l.S 1 ± .09 -1.11 ± .:)] 15.13 ± .:32 81.17

'K The tcrru uormu l is npplied to nuima ls fed lnhoratorv chow or soybean meal diet supple­
mcnrcd with ~)() I'-g vi t , TI,,/kg anr] the t erru cl,·fieii'nt is for those animals fed basal soybean
mea] diet.

contains most nitrogen. There was no marked
difference in distribution of nitrogen (8 nor­
mal animals) or radioactivity (2 deficient ani­
mals injected with B I 2-CO';II) in fractions ob­
tained from 0.25 M sucrose by the modified
procedure of Hogeboom ( 10) as compared
with the data in the tables.

Eight animals fed laboratory chow received
5 injections of B12-COHO (5 ftc) and 8 animals
fed soybean diet (B 12 deficient) were given
B12-C OHO (5 ftc). Table II shows distribution
of radioactivity in fractions of liver and kid­
ney.

Kidneys concentrated radioactivity the
most, but during 30 days, concentration of
radioactivity declined. At 12 hours superna­
tant fraction of kidney tissue of both groups
of animals contained the most radioactivity.
However, at 30 days mitochondrial fraction of
kidneys concentrated the most radioactivity.

These data suggest a stronger affinity of mito­
chondria for radioactivity.

Homogenates of liver of control animals
contained less than one-half as much radioac­
tivity as livers of animals fed the B12 deficient
diet. Mitochondria of liver under all condi­
tions concentrated the most radioactivity.
Furthermore, at 30 days radioactivity in mito­
chondria was 3 times as much as at 12 hours.
This marked rise in liver mitochondria is a re­
sult of transfer of radioactivity to the liver
from extrahepatic sources. Since whole kid­
ney lost radioactivity during this period, it is
one possible source of radioactivity.

These studies were repeated with a modified
procedure in which 2 to 4 animals were used
for each experiment. Animals were fed soy­
bean meal diet or soybean meal diet with 90
ftg of B12/kg of diet. Animals consuming B12

deficient diet received 1 ftc of B12- C 60 or C 060

TABT,E II. Tntracellula r Uist rihutiou of Radionetivity at Intervals of Time after Injection of
TIn-Cooo (ll'-e Givrn Dnily for ;l Days). Values expressed UR eounta/rnin.ymg N.

Lnhorutorv «how Deflcient."

]2 hr 12 day :{II d~lY 12 hr 12 day 80 day

8 ru ts :2 I'ntH :{ rat.8 2 rats 2 rats 4 rats

Liver
Horuogeuatr- 211 :l:ll :1:',0 486 777 1,141
Xlle!ei ~;""j:2 lIi2 24H 722 888 ],523
":'.'fito('hollt1ria :)0-1: GII7 1,2H-1 816 1,752 2,402
Microsomos I II-! 141i Ii Ii 194 275 886
Supr-runtant 1!1-1 ;171 ;~82 548 675 782

Richie:'
Homogenate 20,01li 18,80:3 !1,20S 80,840 23,967 8,600
Nuclei 15,310 11,499 :~,g65 1ll,687 18,081 4,355
Mitochoudria 8,li68 ]t.soo 12,857 30,470 19,282 10,406
Mierosomcs 8,178 7,410 2,043 11,714 6,796 2,408
Supernatant 28,08£) 14,645 11,227 46,108 31,856 8,818

-~ Busal soybean meal diet doficiont in vit, B",.



T ABLE III.

I N T RACELLtJ LAl{ DISTRIBUTIO N OF VIT. B l ~-CO' ;o

Tntracellul ur Distribution of R adioactivit y a t I ut ervu ls of Time a ft er
of B,2-C060 01' Co·lO CI,. Va lu es a re oxpresserl as couut s! min./mg N .

Inj ect ion

17

D efici en t· " Deflci ent + DO p.1< B,j kg
1 p' c B ,, -Co·lO 'in j. diet ; 1 P.c B 12-Co"" in j .

J2 hr 12 day :3 0 duv 12 hr 12 (lay 30 (lay
4 2 2 2 :2 2

D eficient ;
I P.c Co'" CI, inj .

12 h r 12 clay 30 rlny
2 2 2

Liver
H omogenate 161 401 ;\On liS I I i . 0 29 0 I;, !J 3 1
Xuclei 150 341 288 liO C') C' 2!1l 155 OsI - ) .)

Mi toehondriu 177 805 . 35 Ii :l l S2 HiS 2li5 :,;,2 i ;{
Microsomos 165 ~5~ us 44 45 32 1 2 1;, n ·-172 ~ ,

Sup ernatnut 181 B:lD 190 44 .- . ) j;l 240 I O;{ 4,-
K idn ey

H omogenate 4,!l6iJ 2,044 i .oI. 1i,51 S :3 ,424 4 , :1I ~l 1,4,10 3;'1;1 7:2
Nuclei :l,505 1,9:H 9i9 li,100 2,G13 :J,8H 991 174 :15
Mi t.ochoudria 3,11 5 5,715 3, 174 1l,liGi 4,01;(; i3 ,01Jli 2,240 ;") 2R 12(J
M icrosomes 3,992 1,314 50 1 I ,i(i ~) (JOg 1,2li2 48. :ion i ll
Sup ernata nt li,4(O 2, 738 1,393 n,Oli2 5,02 1 4,(j;{ i l,2 7H 1GO -Ii>

.., ...._._-_ .._--- ._- - - --._--

* Basal soybean m eal di e t deficien t in vito 111~'

Cl2 pa renterally . Animals fed deficient diet
supp lemented with Vit. B l ~ received 1 ftc of
B12- C0 60.

The results of thi s experiment are shown in
T able III . The fate of rad ioact ivity of
CoHoCh is markedly different from that of
B , ~-C060. Kidney tissue reta ins much less
radioactivity from CoGOCh than from B12­
Co?". Fur thermore , a t 30 days th ere is little
radioactivity from ConoCl2 in kidney or liver
tissue.

Discussion. Our results show that liver tis­
sue of Vit. B12 deficien t rats binds grea ter
quanti ties of radi oactivity of B l ~-COfiO than
liver of rats fed diets containing the vita min.
Our data at 12 hours and 12 da ys are in agree­
ment with tho se of Barrows and Chow(3)
taken at 48 hours, which show tha t superna­
ta nt fraction of kidney conta ins the grea test
concentra tion of radioactivity from parenter­
ally administered B 1T C0 60 . H owever , over 30
days, radioactivity of supernata nt fraction of
kidn ey decreases more rapidly than that of the
mitochondrial fra ction .

The increa se in concent ra tion of radioactiv­
ity in rat liver with time a fter injection of 5
ftC B12-COHO was concomit ant with loss of ra­
dioacti vity by kidn ey . Most vita min thu s ob­
tained by liver was concentrated in the mit o­
chond rial fraction. There fore, these data are
in agreement with those of Swenseid et al. ( 1),
and possibly show interr elati onship between
kidney and liver. Since tissues of B' 2 defi­
cient rats took up greater quan tit ies of B ,2-

Co(;O, use of isotopically label ed vit am in for
t racing th e fate of Vit. B12 may prove a useful
tool for studying the meta bolic role of the
vita min.

Rosenblum et al .( 2) reported tha t most
parentera lly administered Vit. B I ~ was ex­
creted unchanged in uri ne of ra ts with in a
short period of tim e. We compar ed the rate
of disappear ance of radioactivit y of B l~-COGO

an d Co';IICl~ from kidneys and livers of rat s
and foun d th at inorganic cobalt is not retained
to th e same extent as is coba lt of Vit. B12 .

The data suggest that radioa ct ivity of B l~ ­

CoH(), boun d by mitochondria of liver and kid­
ney , is deposited in the se tissues in a form
other than inorgan ic cobalt (p resumab ly , Vit.

Bd·
Summary . 1) In a study of intracellular

distribution of radioactivity of B12-CO(;(J , th e
mitochondrial fra ction of livers of B l ~ defi­
cien t rats takes up more radioactivity than
does thi s fraction of normal animals. This in­
creases between 12 hours and 30 days. 2 ) At
12 hours th e supernatant fra ction of kidneys
of normal and deficient animals is highest in
radioactivity , however , at the end of 30 days,
radioactivity in the mitochondrial fra ction is
greates t. 3) There is a transfer of rad ioact ive
B 12 to liver from extrahepatic sources . 4 )
Radioacti vity of CoGOCb is not retained by
frac tions of tissues as is that of B1~_COllO.
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Distribution of Injected Heparin in Different Blood Fractions.* (25128)

HAHOLD B. EIBEH AND 1. DANIS H E FS KY

Depts. of M edicine an d Biochemistry, N . V. M edical College, N. Y. C.

Alth ough the effect of heparin in inhibiting
coagula tion of blood has been known for a
num ber of yea rs , almost noth ing is known
with respect to the mechani sm by which this
action is exer ted. It is most probable that a t
least one step involves an interacti on with
one of the plasma proteins since the presence
of a normal blood compo nent is a necessar y re­
quirement in pr eventi on of blood clotting by
heparin. As an initial step exper iments were,
there fore , conducted to determin e in which
blood fraction the heparin resides subseq uent
to intravenous administration. Wh en th is is
decided further studies could be mad e on the
specifi c frac tion involved . We employed he­
parin-S'" since this can be measured in min­
ut e amounts. The present repor t describ es
experiments on blood fractionati on after in­
tr avenous injection of heparin and determina­
tion of radioactivity in the different fractions.

M ethods. Heparin-S'" in the form of so­
dium salt was prepared as describ ed previ­
ously ( 1) . This material , havin g an antico­
agulant activit y of 152 U.S.P . uni ts/mg. main ­
tain ed a constant specific activity (8 ,010
c.p.m./mg) afte r repeated recrystallization .
Other analytical data were as follows: glu­
cosamin e 23.22%; nit rogen 2.25%: sulfu r
12.02% ; sodium 7.88%; [ a] !l~ " + 510

•

Three dogs weighing 8-9 kg were injected in­
t ravenously with solution of 30 mg of heparin­
S::" (2.4 X 10:1 c.p.m.) in physiological saline.

* Supported by grants irom Atomic Energy Comm.
and Am. Heart Assn.

Blood samples drawn from animals 15 and 30
minutes after injection were employed in frac­
tionati ons and subsequent radi oactivity assay.
First , blood was separated into plasma and
cells. A second por tion of blood was clotted
and seru m separa ted from clotted material was
fractionat ed into components of different
densities. Afte r mixing a serum aliquot with
aq ueous sodium chloride to give a solution
with density of 1.006, the mixture was centri­
fuged at 79,000 g for 20 hours at 40 (Sp inco
Ult race ntrifuge, M odel L ) . The top layer
(density, less than 1.006 ) was removed for
radioactivity analys is and th e in fran ate was
mixed with salt solution (D , 1.346 to give a
final density of 1.063). The latter mixture
was centrif uged at 79,000 g for 20 hours and
th e top layer (D, 1.006-1.063) taken off. The
abov e procedure was repeated with the inf ra­
nate using potass ium bromide as the salt to
give top layers with densities of 1.063 - 1.120
and 1.120 - 1.200. The different fractions
were then combu sted , converted to barium
sulfate, and counted in gas flow counter. An­
other 10 ml of serum was mixed with 90 ml of
5% tr ichloroaceti c acid. The precipita ted
protein was collected and washed with tr i­
chloroacetic acid. The washings were com­
bined with the original supernate. In another
experiment serum was mixed with 3 volumes
of alcohol and the precipita ted mat eria lsepa­
rated from th e supernate . Additional experi­
ments were conducted in which plasma was
submitted to chemical fract iona tion by Cohn


