RapioviTAMIN By IN PERNICIOUS ANEMIA

were, nevertheless, significantly less than con-
trols. No greater milk yield resulted from
injection of more than 1 mg lactogen. These
data indicate that lactogen is necessary for
maintenance of milk secretion in intact rats
and strongly imply that since lactogen alone
was incapable of restoring milk secretion
100%, other pituitary hormones are neces-
sary for full milk secretion and perhaps
might be susceptible to discharge by nursing
stimuli.
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The routes and patterns of Vit. Bys excre-
tion have been studied in animals(1,2) and in
man(3,4,5). In human studies, some indica-
tions were found of an intestinal reabsorp-
tion of Vit. By excreted in bile. The purpose
of the present paper is to confirm this finding
and to extend the studies to patients with de-
ficient Bje-absorption. Retention of Bis in
serum, and Bj, excretion in controls and in
patients with Bis-deficiency were also studied.

Material and methods. Controls were 11
healthy, non-hospitalized males between 20
and 34 years old (normal controls), and 4 fe-
male and 2 male hospital patients between 16
and 69 years old (control patients). Their
diagnoses were asthenia and achlorhydria, al-
lergic bronchial asthma, diabetes mellitus, and
acute or subacute nephritis (3 cases). Ran-
dom serum samples showed normal B, con-
centrations. All control patients had normal
Vit. Bis-absorption tests (21-55%) by the

* Supported by Karolinska Inst. and Merck & Co.
The cooperation and assistance of Professors H.
Lagerlof and T. Sjostrand is gratefully acknowledged.
Dr. R. Grisbeck kindly let me include case No. 13.

technic described earlier(5). Four additional
patients with a post-operative drain in the
common bile duct were employed to obtain
several bile samples within a short time. The
13 cases with disturbed B, metabolism (Ta-
ble I) had either an acute Vit. By deficiency
as evidenced by low Vit. By, levels in serum
and by megaloblastic anemia reacting to Bys
treatment, or disturbed Vit. Bis-absorption,
mostly both. Case No. 4 is insufficiently
studied and results based on material involv-
ing this case are in brackets (Table IV). Be-
tween 0.3 and 0.6 pug Vit. B, labeled with
Co% or Co°® and with approximate specific
activity of 2 mc/mg were injected intramus-
cularly. Two persons received 1 pg because
of the decay of radioactivity. Twenty-nine
serum samples were obtained from 17 persons
between 3-17 days after injection of labeled
Bis. All urine was collected from 24 persons
during 3 days after injection. From 29 per-
sons 136 24-hour feces collections were ob-
tained, starting on the average 6.8 (4-10)
days after radiovitamin injection. Feces were
liquefied by nitric acid digestion and concen-
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TABLE 1. Thirteen Cases with Disturbed B,, Metabolism.*

. - %0

Z3 o2 E b2

25 RN T3

=z ElA =5 Hb RBC WBC

£ Y Z g (X
Sex  Age,yr =% ZET EE  (g/100ce) (mill) 1000)
3 49 + 560 126 40 56
8 56 + + 450 98 29 40
Q 69 + + 433 128 37 53
3 52 + 750 13.7 43 6.0
3 26 405 91 38 7.0
3 55 T + 274 88 19 50
2 45 + 365 82 23 38
9 73 + 385 88 2.3 32
3 67 + 350 86 24 6.1
Q 65 + + 425 75 17 40
2 62 + + 448 47 25 35
3 55 + + 500 95 25 2.6
) 59 + + 230 5.6 13 45

* Space left empty — test not performed.

Clinical diagnoses were, in case 1 chronic gastro-duodenal-jejuno-ileitis with malabsorption
syndrome, in cases 2-3, 6, 813, pernicious ancmia, in case 4 chronic pancreatitis with malab-
sorption syndrome, in case 5 mesenteric and pulmonary tuberculosis with malabsorption syn-

drome, and in ease 7 malabsorption syndrome.

trated by evaporation. Bile, unless otherwise
stated, signifies strongly bile coloured mixture
of duodenal juices obtained by duodenal la-
vage (kindly performed by Dr. G. Perman)
(6). Fifty-nine bile samples and 11 samples
of bilirubin-free duodenal juice were taken
from 30 individuals 12.8 (7-19) days after iso-
tope administration, and after collection of
feces. In some cases a satisfactory flow was
easily obtained, in others bile secretion had
to be stimulated by cholecystokinin or mag-
nesium sulfate.  Bilirubin determinations
were performed within a few hours after duo-
denal lavage. Bile samples were kept in the
dark at 4-4°C and concentrated by evapora-
tion. Methods of determining Bjs-binding
(Table ITT), bioassays, and scintillation meas-
urements will be described elsewhere(7). Ra-
dioactivity measurement times were adjusted
to keep statistical error of counts between 1
and 10%. Daily bilirubin production was
estimated individually in each case, and em-
ployed to calculate daily B, excretion in the

bile. The percentage saturation of hemo-
globin with CO (COHb) was calculated from
determinations of CQO pressure in alveolar air
(9,10). Simultaneously, total amount of Hb
(THDb) was estimated by determining the in-
crease in COHb after rebreathing of a known
amount of CO in a closed system(10). From
THb and COHb the Hb destruction rate (d.r.)
was calculated(10). Daily bilirubin produc-
tion could be roughly calculated to be =
(THb x 1/120 x dr. x 4 x 619 x 584/619) x
1.05/66.700 mg, where 1/120 is the fraction
of Hb normally destroyed/day. The factor
1.05 is due to the part of bile pigment derived
mainly from heme-enzymes(10). In some
instances the d.r. could not be calculated since
the persons had inhaled CO (for instance by
smoking) before the experiment. In these
cases, the d.r. was assumed to be 1 for controls
and 2 for cases with Bjs-deficiency. The fig-
ure 2 is the lowest value recorded in cases of
untreated megaloblastic anemia which had
not been exposed to CO inhalation, both in

TABLE II, Exerection of Vit. B,, in Controls and B,,-Deficient Patients.

No. of

cases

Excretion

Urinary, total exeretion 1st-4th day
Fecal, daily excretion, later than 4th day
Biliary, daily excretion, later than 4th day

No. of
. Controls cases B,-deficient
12.8 + 1.87%* 6 8.7 + 1.939%*
S+ 17%t 9 B3 06%t
1.5+ 31%t 8 A+ 11%+1

* % of inj, dose.

t % of inj. dose minus loss 1st-4th day.

Means + S. E. of mean.
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TABLE III. Vitamin B,,-Binding Capacity* in
Serum.

Controls B,,-deficient patients

3.2 + .67 mug/ml
(8 cases)

2.9 & 1.16 mug/ml
(4 cases)

Means + stand. errors of mean,

* Nondialysable after adding 200 mug radio B,
per ml serum.
present and in previous materials(10). Daily
radiovit. By» excretion was estimated to be =
C x (radiovit. Bys concentration) x (calcu-
lated daily bilirubin production) / (bilirubin
concentration in sample). Since only a part
of daily radiovit. B;s excretion in bile is
measured, the factors by which this part is
multiplied to obtain total daily excretion must
not be too large. An attempt was made to cor-
rect for the fraction of bile pigments not giv-
ing the diazo reaction, and for the probable
maximum amount of duodenal radioactivity
not originating in pure bile. This correction
constant (C) was calculated to be 0.76(7).

Results.  Retention of Vit. B;,. Mean
daily excretions of radioactivity in both urine,
bile and feces were numerically higher in con-
trols than in cases with subnormal Vit. By
levels (Table II) indicating that more of the
injected Bys is retained by Bs-deficient pa-
tients. Similarly, these patients show higher
serum concentrations of radioactivity than the
controls (Fig. 1). No significant difference
could be observed, however, in B, binding ca-
pacity between the 2 groups of sera (Table
IIT). Distribution of all excretion values was
markedly skew, and the difference is statis-
tically significant only as regards biliary ex-
cretion (0.005> p), and serum concentration
(Fig. 1).
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Excretion routes. 1t has been demonstrated
(3,4) that, physiologically, most Vit. Bie
in man is excreted by the fecal route, and that
Vit. By, reaches the gut mainly with the bile.
The present study shows that radioactivity is
present not only in bile, but also in other con-
stituents of duodenal juice. Mean radiovita-
min concentration in bile (i.e., duodenal juice
mixed with bile) was 19 times higher than
that in bilirubin-free duodenal juice.

Enterohepatic circulation. Radioactivity
calculated to be excreted daily in bile was
larger in control cases than the amount/day
in feces (Table IV). In spite of large indivi-
dual variations, the difference between mean
daily biliary excretion and mean fecal excre-
tion is statistically significant (0.01>p >
0.005). Likewise, the mean of the differences
is significantly (0.005>> p) higher than zero.
In patients with deficient Vit. B;s absorption,
on the other hand, daily excretion in bile was
smaller than or equal to fecal excretion in
about half of the cases (Table IV). The dif-
ference between mean biliary excretion and
mean fecal excretion is not statistically signifi-
cant in this group.

Discussion. Distribution of radiocactivity
in the body resembles that of B;2(12). There
is evidence that radioactivity in liver derives
from microbiologically active Vit. Bio(11).
Such facts have been accepted previously (11)
as indications that radioactivity really repre-
sents Bys. For this reason radioactivity was
calculated as Vit. Bis. The standard devia-
tion of B;e/bilirubin ratios in 39 samples ob-
tained from 8 patients was 26% of corre-
sponding mean values. Time lapse between
2 samples was 1 hour, 1 month. In comparing

TABLE IV. Enterohepatic Circulation of Vitamin B,, in Controls and in Cases with Deficient
Vitamin B,, Absorption.

No. of cases
Biliary excretion Fecal excretion with indica-
‘ tions of en-
. No. of No. of terohepatic
Group of subjects cases % /day* cases % /day* circulation
Normal econtrols 9 1.5 + .36 10 b5+ .23 9
Control patients 5 1.4 4 .59 6 b5+ .16 5
Total controls 14 1.5 + .31 16 b5+ .17 14
Cases with deficient 11 9+ .31 12 3 +.05 6
B,s absorption (12) (.9 +=.30) (13) 4 =+ .07 (6)

* % of inj. dose minus loss during 1st-4th day.

Means =+ stand. errors of mean.
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FIG. 1. Serum radioactivities after radiovitamin
administration. Differences hetween controls and
B, deficient cases are statistically significant;
p < 0.005 (15 days), 0.5 > p > 0.02 (5 and 10
days). — means, ————— stand. crror. Fig-
ures in parentheses indicate No. of samples.

controls with patients with B,.-deficiency, the
difference in age and sex should be taken into
account.

Vit. B,, retention. Previous studies on re-
tention of Vit. By» in patients with Bqs-de-
ficiency as compared to controls have yielded
controversial results(11,13,14), possibly due
to composition and size of control materials
(14) or to therapeutic amounts of By. given
to pernicious anemia patients prior to experi-
mental period(11). The present data sug-
gest that, under present experimental condi-
tions, more B;» may be retained by patients
with Vit. By.-deficiency. At any rate, more
of the radio-B;» in the body is in the serum
of these patients than in controls, indicating
that in Bjs-deficiency serum B;. might con-
stitute a larger part of total body B;. than
under normal conditions. Since the amount
retained in serum is very small compared to
B,2-binding capacity, even significant differ-
ences in the latter(13,15) are unlikely to ex-
plain differences in retention.

Excretion routes. Previous studies in rats
with ligated common bile ducts(3) and in

RapiovitamiNn By, INn PErNICIOUS ANEMIA

dogs with biliary fistulae(1) indicate that
Vit. By can reach the gut by another route
besides the biliary one. The results can be
confirmed by present investigations in man
under more physiological conditions. It ap-
pears probable that the major part of non-
bilirubin-containing duodenal juice consists
of pancreatic juice. This could be consistent
with the observation of a high radioactivity in
the pancreas of a pig receiving injections of
radiovit. B12(7).

Enterohepatic circulation. 'The fact that
calculated biliary excretion of radioactivity is
consistently and considerably higher than fe-
cal excretion favours the concept of an entero-
hepatic circulation. 1f estimated daily bili-
rubin production, and thus daily B;. excre-
tion, are too high this could simulate an en-
terohepatic circulation. However, the mean
B,./bilirubin ratio in controls was 35 upg
radio-B;./mg bilirubin and mean daily fecal
excretion in the same cases was 2000 ppg ra-
dio-B,./day. If no enterohepatic circulation
were present, this would correspond to a mean
daily excretion of bilirubin of less than 60
mg/day, which is impossible. Finally, in one
case of pernicious anemia in relapse (case No.
13) more radioactivity was actually collected
by duodenal lavage within an hour than was
excreted /day in the feces. Duodenal lavage
was performed after completing feces collec-
tion. No attempts to express quantitatively
mean daily excretion of Bys to the gut by
other routes than the biliary are justified by
present studies since it is difficult to estimate
the daily volume of such excreta. However,
existence of this extra-biliary excretion implies
that the calculated amount of radiocactivity
reaching the upper part of the intestine is
minimal.

Summary. 1) After parenteral administra-
tion of radiovit. B;s, radioactivity reaches the
gut mainly with the bile, but other compon-
ents of duodenal juice also contain radioactiv-
ity. 2) The calculated daily biliary excretion
of radioactivity in controls is invariably larger
than daily fecal excretion, suggesting entero-
hepatic circulation. In cases with defective
Bis-absorption, there are indications of an en-
terohepatic circulation in only about half of
the cases. 3) A higher percentage of radio-
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vitamin administered is retained in serum, and
a numerically lower percentage is excreted/
day in urine, bile, and feces of patients with
Bis-avitaminosis than in controls. These facts
suggest that more Bys is retained in states of
deficiency.

1. Willigan, D. A, Cronkite, E. P., Meyer, L. M.,
Noto, S. L., Proc. Soc. Exp. Bror. axp MEp., 1958,
v99, 81.

2. Okuda, K., Grisbeck, R., Chow, B. F., J. Lab.
Clin. Med., 1938, v51, 17.

3. Grasbeck, R., Nyberg, W., Perman, G., Reizen-
stein, P., Acta physiol. Scand., 1957, v42, suppl. 145.

4. Griasbeck, R., Nyberg, W., Reizenstein, P., Proc.
Soc. Exp. Bior. anp MEb., 1958, v97, 780.

5. Reizenstein, P., Nord. Med., 1959, v61, 65, 79.

6. Lagerlof, H., Pancreatic function and pancreatic

707

disease, 1942, Nordstedt, Stockholm.

7. Reizenstein, P., Acta Med. Scand., 1959, in press.

8. Sjostrand, T., Acta physiol. Scand., 1952, v26,
328, 338.

9. , ibid., 1948, v16, 201, 211.

10. Engstedt, L., Acta Med. Scand., 1957, v1359,
suppl. 332.

11. Glass, G. B. J., J. Lab. Clin. Med., 1958, v52,
860.

12. Meyer, L. M, Arkun, S. N, Jiminez Casado, M.,
Proc. Soc. Exe. Bior. anp MEp., 1956, v92, 515.

13. Mollin, D. L., Pitney, W. R., Baker, S. J,
Bradley, J. E., Blood, 1956, v11, 31.

14. Estrada, S. C., Lang, C. A, Chow, B. F, J.
Lab. Clin. Med., 1954, v43, 406.

15. Miller, A., J. Clin. Invest., 1958, v37, 556.

Received March 25, 1959. PS.E.B.M, 1959, viOl.

Effect of Relaxin on Mammary Gland Growth in Female Mice.* (25068)

Hirosur Wapat anp CHarRLES W, TURNER
(With technical assistance of Mary E. Powell)
Dept. of Dairy Husbandry, University of Missouri, Columbia

In a previous paper it was reported that re-
laxin in synergism with estrogen stimulated
lobule-alveolar growth of mammary gland of
intact and castrate male mice pretreated with
diethylstilbestrol to stimulate extensive duct
growth(1). The extent of gland development
induced experimentally was checked by whole
mounts of the glands and by determination of
total desoxyribosenucleic acid (DNA) content
of mammary glands. The present report con-
cerns the synergistic role of relaxin and estro-
gen in stimulating growth of the lobule-alveo-
lar system of intact female, ovariectomized,
and ovariectomized-hysterectomized mice.
For comparison, the type of growth and DNA
content of mammary gland of comparable
mice injected with estrogen and progesterone
are presented.

Procedure. Female virgin albino mice

* Contribution from Mo. Agr. Exp. Sta., Journal
Series No. 1984. Approved by Director.

t Research Scholar, Ministry of Education, Jap-
anese Govt. and Medical Fellow of Population Ccun-
cil. This investigation supported in part by grant
from Am. Cancer Soc.

weighing approximately 28 g were fed a com-
mercial mouse feed. The single or concomi-
tant doses of relaxin, estradiol benzoate, and
progesterone were injected subcutaneously on
the back in 0.1 ml of olive oil daily for 10
days. On 11th day mammary glands were
removed. Seven glands (4 posterior and 3 an-
terior) were analyzed for DNA by Webb and
Levy method(2), and 3 anterior glands were
prepared for whole mounts for morphological
examination. Relaxint was washed with an-
hydrous ether to remove possible progesterone
contamination, dissolved in small amount of
distilled water, lyophilized and suspended in
olive oil by homogenization.

In one group the ovaries were removed
whereas in a second group both ovaries and
uteri were removed. Experiments were
started 12 days after surgery.

Results. Intact female mice injected with
estradiol benzoate 0.75 ug daily had mam-
mary glands containing a mean of 2.541 mg

} Relaxin preparations, W1164A-Lot 33, kindly
supplied by Dr. R. L. Kroc, Chilcott Lab., Morris
Plains, N. J. (assay 30 GPU/mg).



