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Hannon and associates (9) in the first com-
munication of this series demonstrated the pro-
longed beneficial effect of vitamin D on the cal-
cium and phosphorus metabolism in osteomalacia.
A daily dose of 7,500 international units of vita-
min D in the form of Vigantol (Bayer) admin-
istered orally for a period of sixteen days in a
case of osteomalacia brought about a marked
calcium and phosphorus retention which continued
for more than three months after the drug was
discontinued. Since the beneficial effect continued
unabated even at the end of observation, the
actual duration of this action must be longer than
three or four months. Similar results were ob-
tained when a series of brief ultraviolet irradia-
tions from a mercury vapor quartz lamp was
applied in place of oral administration of vitamin
D (3).

In attempting to explain the prolonged action
of vitamin D, two possibilities were considered.
First, the vitamin D may be stored. This was
dismissed at the time, because of lack of knowl-
edge on vitamin D storage. The second possi-
bility, which was considered the more likely ex-
planation, is related to the vitamin D content of
the diets served to the patient. The minimal
amounts of vitamin D that may be present in
the diets, though insufficient to bring about the
reparative process, may suffice to maintain normal
calcium and phosphorus metabolism as soon as
the initial deficiency is corrected by vitamin D
or ultraviolet irradiation therapy.

The present communication is concerned with
(1) observation on the antirachitic potency of the
vitamin D-deficient diets commonly used in our
investigation of calcium and phosphorus metabo-
lism in osteomalacia, (2) the effect of a minimal
dose of vitamin D and (3) the changes of calcium
and phosphorus metabolism following the with-
drawal of vitamin D.

PROCEDURE

Three cases of osteomalacia and one normal newborn
baby from an osteomalacic mother were studied in the
present investigation. Their clinical histories are briefly
described in the appendix. Data on Cases 3 and 4 were
published previously in other connections (4, 15). They
were kept in the metabolism ward throughout the period
of study and quantitative, vitamin D-deficient and low
calcium diets were served. The composition of these
diets is shown in Table I. Calcium was administered
in the form of a 7.7 per cent solution of calcium lactate
in Cases 1 and 2. The infant, Case 4, was fed exclu-
sively on measured quantities of his mother’s milk.
Calcium, phosphorus and nitrogen balances were deter-
mined in four-day periods continuously in Cases 1 to 3,
but in Case 4, 2 four-day periods of study were alternated
with 2 periods without metabolic observations. The or-
ganization of the metabolism ward, the preparation of
quantitative diets, the collection of excreta and the meth-
ods of chemical analysis of food and milk, stool and
urine, and serum were described in our early publication
(16).

" Case 1 was a young woman with osteomalacia who
was convalescing from an obstetrical operation and pul-
monary tuberculosis in the obstetric service for nearly a
month before she was transferred to the metabolism
ward. She was put on the basal vitamin D-deficient
diet for a long time under metabolic observation just
to ascertain the antirachitic potency of the diet. Then
acid and alkali salt mixtures of Shohl (17) were given
for the purpose of studying the acid and base metabolism
which we are not concerned with in the present com-
munication. Then minimal doses of vitamin D in the form
of Vigantol and egg were administered on separate oc-
casions to observe their effect on calcium and phosphorus
metabolism, particularly the changes following their with-
drawal. Case 2 was similarly studied except that prolonged
control observation on the basal diet alone was not made.
Case 3 was studied primarily from the standpoint of the
effect of acid and alkali on the calcium and phosphorus

‘metabolism but the data were reproduced here because

they illustrate two of the three propositions in which we
are interested in the present communication. Calcium,
phosphorus and nitrogen metabolism was observed in
Case 4 until what we consider the incipient changes of
vitamin D-deficiency appeared. Then the reverse proc-
esses were studied after vitamin D was given to the
lactating mother.
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TABLE I
Composition of diets*
(Grams per day)
Diet Case1. S.C.C. Case2. L.C.YV. Case3. L.LL.
Articles 1 2 3 4 s 6 7 8 1 2 3 4 1

Flour............. 150| 325| 225| 170( 100{ 100 100]| 100| 200| 300| 300| 200 150
Rice............. 30 60 60 45| 150| 150| 150| 150| 100| 200| 100( 100 40
Millet............ 75 75 75 56 100 50 50
Beancurd........ 50 50 50 50

Kan Fen.......... 20 20 20 20

Peanut........... 20 20 20 20

Pork............. 100| 100| 100 75 80 80 80 80| 120 30 30| 120 60
Beef............. 30
Egg, hen's........ 30 90 200} 200
Cabbage.......... 100| 100| 100 75 100 100| 100{ 100 50
Spinach.......... 50 50 50 38 50 50 50 50| 100 100

Tsai.......... 200( 200

Turnip........... 50 50 50 38 50 50 40
Carrot............ 50
Sweet potato...... 50| 240 140| 105 100 100 100
White potato...... 50 50

Bean sprout....... 50 50 50 50

Pickled cucumber. . 10 10 10 10

Pear............. 100| 100( 100 75 200
Apple............ 100] 100| 100 75| 100 100| 100 100| 100| 100| 100| 100 100
Persimmon........ 100| 100| 100 75
Sesame oil........ 30 30 30 22 30 30 30| 30 40 40 40 40 20
Soybean sauce. .... 20 20 20 20

ugar............ 10 10 10 10
Sodium chloride. 5.8 6 6 4 5 5 5 5 8 8 8 8 4
Total calorie. ..... 1656 | 2605 | 2134 | 1600 | 1733 | 1777| 1733 | 1866 | 2343 | 2604 | 2245| 2163 1490
Carbohydrate. .. .. 244 | 448 347| 261| 248 248| 248| 248| 361| 403| 324 323 248
Fat.............. 53 56 54 40 58 61 58 67 68 70 70 67 36
Protein (N X6.25)..| 48.9| 70.4| 63.2| 48.1| 55.6| 55.3| 53.8| 62.2| 67.2| 83.7| 74.7| 61.4 43.6
Calcium.......... 0.146 | 0.249 | 0.230 | 0.208 | 0.245]0.176 | 0.149 | 0.198 | 0.232 | 0.424 | 0.393 | 0.245 0.167
Phosphorus. ...... 0.632 | 0.832 | 0.809 | 0.636 | 0.686 | 0.663 | 0.594 | 0.778 1 0.874 | 1.046 | 0.994 | 0.878 0.549

* Calorie, carbohydrate and fat are calculated values (Outlines of Diets of the Peiping Union Medical College Hos-

pital, Peiping, 1937, 3rd edition).

RESULTS
Case 1, S. C. C., osteomalacia

1. The antirachitic potency of the previous die-
tary and the lack of such potency in the experi-
mental diets with resulting vitamin D depletion.
Data obtained in periods 1 to 12 (Table II and
Figure 1) indicate that, when the patient was first
under metabolic observation on the experimental
vitamin D-deficient diets, a good calcium and
phosphorus balance was obtained. The calcium
retention in periods 1 to 4 amounted to an average
of 54 per cent of the intake and the phosphorus
retention in the same periods, 58 per cent. Uri-
nary phosphorus became almost nil in period 4,
while considerable amounts of calcium appeared
in the urine in periods 3 to 4. The disappearance
of urinary phosphorus was probably in part re-
lated to the exceptionally high retention of nitro-

Protein, calcium and phosphorus are analyzed values.

gen in those periods which required an equivalent
amount of phosphorus for deposition as soft tis-
sues, leaving very little phosphorus for urinary
elimination. Likewise, a shortage of phosphorus
for deposition with calcium in the bone was
created, thus accounting for the increased elimina-
tion of urinary calcium. However, the excellent
mineral balances indicate that the pathological
disturbance of osteomalacia in this case was in the
process of reparation, presumably under the in-
fluence of vitamin D that was derived from the
diet and medication administered in the pre-ex-
perimental period. Although there was no exact
record as to how much vitamin D was supplied
in the previous dietary, it is-certain that a number
of hens’ eggs were given. It was also recorded
that she received altogether 40 cc. of cod liver
oil in four doses on two different dates. It may
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TABLE 11

Case 1. S.C.C. Calcium and phosphorus metabolism during vitamin D depletion, after the administration of small doses
of vitamin D and after supplementing basal diets with eggs

Calcium, average daily | Phosphorus, averagedaily | Ni- Serum
Pe- trogen
Date riod bal- Remarks
19381939 |fourt In- Bal- | In- Bal- | 20 | Cal- | Phos- | Phos-
3 | take | Urine | Stool| J e | tae | Urine | Stoolf 55 “:;'35‘ cium | phorus ‘:2;'
mgm.| mgm.
mgm.| mgm. | mgm.| mgm.| mgm.| mgm. | mgm.| mgm.| grams | der per units
cent cent
November 8-11 1 | 1347 1 513 | 833 | 582 57 | 250 275 1.01]8.96 | 3.89 |12.67| Diet1
12-15| 2 | 1346 2 | 583] 761 | 632 46 | 244 | 342 1.08 3.49 Diet 1
16-19 3 | 1449 78 663 | 708 | 832 27 | 286 | 519 3.8719.06| 3.13 | 10.99| Diet2
20-23 4 | 1449| 130 608 | 711 | 832 8 | 296 | 528 2.7119.32 | 2.70 Diet 2
24-27 5 | 1449 2 658 | 789 | 832 | 153 | 292 385 202|849 | 4.14 Diet 2
28-1 6 | 1449 2 732 715 | 832 | 174 | 299 | 359 246 8.70 | 4.22 |10.08| Diet2
December 2-5 7 | 1449 7 802 | 640 | 832 | 258 | 319 255 2.08| 892 | 4.24 Diet 2
9 8 | 1449 4 | 905 | 540 | 832 | 272 | 329 231 2.03| 807 | 3.85 Diet 2
10-13 9 | 1430 2 981 | 447 | 809 | 366 | 298 145 145]1793| 3.94 Diet 3
14-17 | 10 | 1430 0 |1125| 305 | 809 | 348 | 344 117 2.17 | 8.61 | 3.68 Diet 3
18-211 11 | 1430 1 961 | 468 | 809 | 311 | 282 216 3.05| 862 | 3.53 Diet 3
22-25| 12 | 1430 1 | 1125 304 | 809 | 342 | 338 129 207|845 | 3.41 Diet 3
26-29 | 13 | 1430 2 | 1182 ] 246 | 809 | 342 | 308 159 0951 8.08 | 3.05 9.89| Diet3 Citrate mixture
30-2 14 | 1408 1 | 1128 | 279 | 636 | 378 | 279 | —21 0.75}1 8.40 | 3.03 Diet 4 Citrate mixture
January 3-6 15 | 1408 4 | 1221 183 | 636 | 375 | 274 | —13 0.68 | 8.65 | 2.94 Diet 4 Citrate mixture
7-10 | 16 | 1408 4 |1004| 400 | 636 | 401 | 245 | —10| —0.39 | 8.65 | 2.84 Diet 4
11-14 | 17 | 1396 2 |1311| 83 | 592 | 333 | 308 | —49| —0.38 | 8.28 | 2.86 8.42| Diet 4
15-18 | 18 408 5 | 1018 | 385 | 636 | 376 | 246 14 1.22 ] 8.56 | 2.72 Diet 4 NH(CI mixture
19-22 | 19 | 1408 41 | 1248 119 | 636 | 412 | 308 | —84 092|784 | 232 Diet 4 NHCl mixture
23-26 | 20 | 1408 98 | 1084 | 226 | 636 | 456 | 222 | —42 1441792 | 2.42 Diet 4 NH(CI mixture
27-30 | 21 | 1408 15 | 1249 | 144 | 636 | 270 | 264 102 0.99 | 8.58 | 2.32 Diet 4
31-3 22 | 1408 8 |1372| 28 1636 | 329 | 312 | — 5 0.55|8.74 | 2.45 Diet 4
February 4-7 23 | 1245 13 | 1054 | 178 | 686 | 357 | 292 37 2.28 | 8.70 Diet 5
8-11] 24 | 1245 15 | 1014 | 216 | 686 | 334 | 282 70 1.77 | 8.28 .19 Diet 5
12-15] 25 | 1245 2 | 1111 132 | 686 | 401 | 310 | =25 092]8.83| 2.15 Diet 5
16-19 | 26 | 1245 2 891 ] 352 | 686 | 330 | 280 76 1.35] 8.69 | 2.23 Diet 5 Vigantol 1/24 cc. daily
20-23 | 27 | 1220 3 881 | 336 | 564 | 237 | 238 89 0.50 | 8.55 | 2.30 Diet 5 Vigantol 1/24 cc. daily
24-27| 28 | 1245 52 700 | 484 | 686 | 152 | 231 | 303 270 | 8.29 | 2.62 Diet 5 Vigantol 1/24 cc. daily
28-3 29 | 1245 45 834 | 366 | 686 | 103 | 453 130 1.50 | 8.20 | 3.18 Diet 5 Vigantol 1/24 cc. daily
March 4-7 30 | 1245 6 | 607| 632 | 686 | 112 | 243 | 331 1.581 798 | 2.90 |14.84| Diet$5
8-11] 31 | 1245 6 | 534] 705 | 686 94 | 279 | 313 197 8.70 | 2.60 Diet 5
12-15 | 32 | 1245 0 454 | 791 | 686 | 116 | 220 | 350 098|856 | 3.16 Diet §
16-19 | 33 | 1245 1] 630 | 615 | 686 | 131 | 296 | 259 091] 805 | 2.76 Diet S
20-23 | 34 | 1245 0 826 | 419 | 686 | 143 | 317 226 148 | 8.10 | 2.41 | 14.77| Diet5
24-27| 35 | 1245 V] 768 | 477 | 686 | 189 | 248 | 249 2.17 | 8.16 | 2.51 Diet §
28-31| 36 | 1245 4 750 | 491 | 686 | 191 | 242 253 1.70 | 8.04 | 2.24 Diet 5
April 1-4 37 | 1176 4 761 ) 411 | 663 | 158 | 262 243 1.16 | 8.07 | 2.64 Diet 6 (1 egg)
5-8 38 | 1176 8 922 | 246 | 663 | 224 | 344 95 1251 8.55 | 2.60 |11.68| Diet 6 (1 egg)
9-12| 39 | 1176 4 846 | 326 | 663 | 265 | 285 113 0.62 | 8.51 2.25 Diet 6 (1 egg)
13-16 | 40 | 1176 s 692 | 479 | 663 | 261 | 236 166 0331836 | 2.58 Diet 6 (1 egg)
17-20 | 41 | 1149 0 | 1008 | 141 | 594 | 252 | 349 | — 7 0.37 | 8.78 | 2.42 Diet 7
21-24) 42 | 1124 10 | 1016 | 98 | 524 | 250 | 313 | —39 092806 | 2.06 |13.44] Diet7
25-28 | 43 | 1149 0 882 | 267 | 594 | 252 | 269 73 1.37 ]| 8.50 | 2.46 Diet 7
29-2 | 44 | 1198 0 | 954| 244 | 778 | 248 | 350 | 180 175 | 8.31 | 2.42 Diet 8 (3 eggs)
May 45 | 1128 (1] 698 | 430 | 549 | 262 | 226 61| —0.62| 8.56 | 2.78 Diet 8 23 eggs)
7-10 | 46 | 1140 0 882 | 258 | 475 | 251 | 211 13| —0.40| 8.02 | 2.63 Diet 8 (3 eggs)
11-14 | 47 | 1198 6 693 | 499 | 778 | 178 | 282 | 318 3.06|8.02 ] 2.42 Diet 8 (3 eggs)
15-18 | 48 | 1198 42 555]| 601 | 778 | 184 | 303 291 1.89 | 8.28 | 2.15 Diet 8 (3 eggs)
19-22 49 | 1149 7 561 | 581 | 594 | 156 | 246 192 1.04 | 8.22 | 2.65 Diet 7
23-26 | S0 | 1149 6 | 653| 490 | 594 | 175 | 270 149 1.01| 896 | 2.60 Diet 7
;i—?»o S1 | 1149 V] 632 | 517 | 594 | 168 | 262 163 1.18 g;: %gg Diet 7

be surmised that before the present study she
received some vitamin D which, though small in
amount, was sufficient to bring about the favorable
calcium and phosphorus retention observed at the
beginning of the experiment.

In order to see how long this degree of calcium
and phosphorus retention would continue and to
determine whether the experimental diets would
maintain this favorable state of affairs, observa-
tion was extended for 12 periods, or almost seven
weeks, without modification of the regimen. It
is plainly seen that the urine calcium disappeared

promptly and the fecal calcium increased pro-
gressively, so that by the end of period 12 it
had become twice as much as that at the be-
ginning, and the positive calcium balance was
reduced to only 21 per cent of the intake. Simul-
taneously, the phosphorus balance was also re-
duced as the result of increased excretion both
in the urine and in the stool, that in the former
being more marked. There was a slight reduction
of serum calcium and a more marked diminution
of serum inorganic phosphorus. The initial drop
of serum inorganic phosphorus in periods 1 to
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4 was probably related to the relatively low phos-
phorus intake and the rapid deposition in the
soft tissues and in the bones as the result of high
nitrogen and calcium retention, while the subse-
quent decline was probably due to vitamin D
depletion.

These data demonstrate clearly that the bene-
ficial effect of the hospital diet on mineral metab-
olism, together with a few doses of cod liver oil,
was real, and it lasted for approximately seven
weeks. On the other hand, the experimental vita-
min D-deficient diets were unable to maintain the
good calcium and phosphorus balance initiated
prior to their institution.

II. The effect of acid and alkali salt mixtures
and extension of observations on vitamin D de-
pletion. We are not primarily concerned with
the effect of acid and alkali in this part of the

study. The data were included in the present
communication merely for the sake of continuity.
It may be noted, however, that daily administra-
tion of 200 to 400 cc. of a solution containing
0.6 N of sodium citrate and 0.9 N of citric acid
during periods 13 to 15 and 60 to 180 milli-
equivalents of a mixture of ammonium chloride
and ammonium carbonate during periods 18 to 20
did not affect the calcium and phosphorus metabo-
lism in any important way. The urine, however,
contained considerable amounts of calcium and
an augmented quantity of phosphorus during the
period of ammonium chloride mixture adminis-
tration. These were expected from the acid ef-
fect. The calcium retention showed a further
tendency to diminish, irrespective of the acid and
alkali administration, so that by the end of period
22 the calcium retention became almost nil. The
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phosphorus balance was slightly negative during
these periods because of the somewhat reduced
intake, together with the poor calcium and nitro-
gen balance. The negative phosphorus balance
was slightly exaggerated by the ammonium chlo-
ride mixture administration in periods 19 to 20.
The serum calcium fluctuated around 8.5 mgm.
per cent but the inorganic phosphorus declined
further to below 2.5 mgm. per cent, partly from
reduction of phosphorus intake in the diet and
partly from continued vitamin D depletion. We
are, therefore, inclined to consider that, besides
some minor changes, the data obtained during
periods 13 to 22 represent an extension of the
observation made in the first 12 periods. In
other words, the calcium retention in the course
of 22 periods on the experimental diets changed
from 54 per cent of the intake to only 2 per cent.
This is undoubtedly the result of vitamin D de-
pletion.

III. The effect of a minimal dose of Vigantol.
Vigantol was diluted with olive oil 1 to 24 and
1 cc. of this diluted solution containing 500 inter-
national units of vitamin D was given daily dur-
ing periods 26 to 29. The effect on the calcium
and phosphorus metabolism was promptly shown
up. The fecal calcium decreased rapidly and
urinary calcium began to appear. The calcium
retention, which averaged not more than 15 per
cent of the intake in periods 23 to 25 just prior
to Vigantol administration, increased progres-
sively, reaching its maximum in period 32, twelve
days after Vigantol was discontinued. The cal-
cium retention then represented almost 64 per
cent of the intake. The phosphorus retention ran
a parallel course, increasing from only 4 per cent
of intake in periods 23 to 25 to 51 per cent in
period 32. This was mainly the result of reduc-
tion of urine phosphorus. The serum calcium
did not show any important change but the serum
inorganic phosphorus was distinctly improved.

However, the beneficial effect of such a small
dose of vitamin D for a limited period was
obviously not a lasting one, as shown by the
observations during periods 33 to 36. The cal-
cium retention definitely diminished and the same
was true with the phosphorus balance. The serum
inorganic phosphorus also declined. Time did
not permit exténsion of the observation to the
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time when the calcium and phosphorus retention
would resume the original low value.

IV. The effect of one and three hens’ eggs.
When one egg was added to the diet during pe-
riods 37 to 40 no definite effect could be discerned
in the calcium and phosphorus metabolism. It is
estimated that one egg yolk at its best contained
no more than 60 international units of vitamin D,
an amount which would be hardly detectable in
human experiment. However, immediately after
the single egg was withdrawn, the calcium reten-
tion was distinctly poorer in periods 41 to 43 and
the fecal calcium reached the same original high
level as that before Vigantol was administered.
This may be taken to mean that the antirachitic
potency of a single egg did help in checking the
declining tendency of the calcium balance, al-
though it was not sufficient to reverse the process.

‘When three eggs were included in the diet dur-
ing periods 44 to 48, unequivocal changes in the
calcium and phosphorus metabolism were ob-
served. The fecal calcium decreased with an
increase of calcium retention from an average
of 15 per cent in periods 41 to 43 to over 50 per
cent of the intake in periods 48 to 49. Appreciable
amounts of calcium appeared in the urine in the
last period of the egg ingestion. Toothache and
excision of a radicular cyst disturbed the food
intake, resulting in negative nitrogen balance and
very poor phosphorus retention during period 45
to 46. However, subsequent observation showed
definite improvement in phosphorus retention, due
chiefly to reduction of urinary phosphorus. The
serum calcium and inorganic phosphorus showed
no significant changes. No attempt was made to
determine the exact duration of the beneficial
effect of the three-egg regimen.

Case 2, L. C. Y., osteomalacia and rheumatic
heart disease

I. The exhibition of vitamin D depletion on
experimental vitamin D-deficient diet. This pa-
tient received 500 cc. of cod liver oil in June and
just passed through the summer before the pres-
ent investigation began in October. It is, there-
fore, not astonishing to see a positive calcium
balance even when she was put on an intake of
only 232 mgm. per day (periods 1 to 2). When
the calcium intake was raised to over 1,200 mgm.,
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TABLE III
Case 2. L.C.Y. Calcium and phosphorus metabolism during vitamin D depletion, after supplementing basal diets with
eggs and after the administration of vitamin D in minimal and full doses

Calcium, average daily | Phosphorus, everagedaily | Ni- Serum
Pe- trogen
Date riod bal- Remarks
1938-1939 f:l:aur- In- . Bal-| In- 3 Bal- + | Cal- | Phos- | FPhos- .
Y | take | Urine | Stool| ;pce | take | Urine| Stool] e az‘rgge cium | phorus ':::;
mgm.| mgm. .
mgm.| mgm. | mgm.| mgm.| mgm.| mgm. | mgm.| mgm.| grams | per per unsts
cent | cent
October 11-14 1 232 1 146| 85 | 874] 411 | 373 90 0.69|7.68| 4.25 |13.27| Diet1
15-18 2 232 2 103 | 127 | 874 | 411 | 281 182 1.21] 8.15| 4.13 Diet 1
19-22 3 | 1232 2 616 | 614 | 874| 269 | 400 | 205 004|822 | 436 |11.46| Diet1
23-26 4 |1232 1 718 | 513 | 874] 138 | 509 | 227 1.06]| 7.83 | 4.20 Diet 1
27-30 5 | 1232 3 685 | 544 | 874 194 | 388 | 292 0.49 | 8.25 | 4.09 Diet 1 3 )
31-3 6 | 1232 4 811 | 417 | 874 272 | 429 173 0.62 | 832 | 3.97 Diet 1 Citrate mixture
November 4-7 7 11232 3 940 | 289 | 874 282 | 485 107 1.0218.21 ]| 394 Diet 1 Citrate mixture
8-11 8 | 1232 6 7351 491 | 874| 340 | 386 148 1.09] 8.26 | 3.88 Diet 1 Citrate mixture
12-15 9 | 1232 2 | 1002 | 228 | 874| 384 | 475 15 0.7118.13 | 3.70 Diet 1
16-19 | 10 | 1232 3 | 1010 | 219 | 874| 352 | 467 55 088|840 | 3.85 |10.07| Diet1
20-23 | 11 | 1232 2 | 1001 | 229 | 874 332 | 484 58 1.12 1825 3.43 Diet 1
24-271 12 | 1232 5 785 | 442 | 874 421 | 368 85 438 |8.03| 3.66 Diet 1 NH(CI mixture
28-1 13 |1232] 32 | 1089 | 111 | 874 | 494 | 432 | —52 142|835 | 3.24 Diet 1 NH(CI mixture
December 2-5 14 | 1232 7 |1140| 85 874 | 346 | 514 14 1.19 | 8.66 | 2.81 7.77| Diet1
15 | 1232 3 908 | 321 | 874| 399 | 397 78 1.50| 7.87 | 3.39 Diet 1
10-13 | 16 | 1232 0 |1164| 68 | 874| 424 | 520 | —70 1.13 | 8.08 | 3.50 Diet 1
14-17 | 17 | 1424 3 | 1410 11 | 1046 | 428 | 546 72 3.19|7.76 | 3.41 6.54| Diet 2 (6 eggs
18-21| 18 | 1393 1 11084 308 | 994 494 | 358 142 151|846 | 3.31 Diet 3 (6 eggs
22-25] 19 | 1393 3 | 1004 | 386 | 994 | 438 | 349 107 1.73 | 8.44 | 3.44 Diet 3 (6 eggs]
26-29 | 20 93 12 | 941 440 | 994 379 | 380 | 235 1.59 | 8.44 | 3.50 5.12| Diet 3 (6 eggs;
30-2 21 | 1393 31 624 | 738 | 994| 300 | 324 | 370 1.63 | 8.30 | 3.46 Diet 3 (6 eggs,
January 3-6 22 | 1393 53 495 | 845 | 994| 303 | 308 | 383 1.21] 8.17 | 3.74 Diet 3 (6 eggs)
7-10 1393 | 116 470 | 807 | 994| 269 | 286 | 439 1.68 | 8.61 | 3.84 Diet 3 (6 eggs
11-14 | 24 | 1393 | 154 4491 790 | 994| 226 | 299 | 469 1.27 | 8.44 | 4.23 4.81| Diet 3 (6 eggs
15-18 | 25 | 1393 | 158 428 | 807 | 994 274 | 290 | 430 1.89 | 8.60 | 4.48 Diet 3 (6 eggs|
19-22 | 26 | 1393 | 188 481 | 724 | 994| 260 | 321 | 413 1.81 | 8.42 | 4.51 Diet 3 (6 eggs]
23-26 | 27 |1393| 108 422 | 863 | 1338 | 517 | 260 | 561 240 ) 8.27 | 4.66 Diet 3 26 eggs) + NasPO«
27-30 | 28 | 1393 97 447 | 849 | 1338 | 532 | 300 | 506 2.02| 8.48 | 4.97 2.55| Diet 3 (6 ew; + NasPOs
31-3 29 | 1393 94 442 | 857 | 1338 | 355 | 324 | 659 1951 8.67 | 4.74 Diet 3 £6 eggs) + NaiPOs
February 4-7 1378 | 106 410 | 862 | 1278 546 | 279 | 453 1.38 | 8.48 — Diet 3 (6 eggs) + NasPOu
8-11] 31 | 1239 | 142 502 | 595 | 860| 334 | 258 | 268 | —0.55| 8.61 | 4.59 Diet 4
12-15| 32 | 1245 43 508 | 694 | 878 354 | 303 221 0.63| 893 | 4.28 Diet 4
16-19 | 33 | 1245 21 481 | 473 | 878 | 256 | 278 | 344 1.58 | 892 | 4.01 Diet 4
20-23 | 34 | 1245 23 663 | 559 | 878 327 | 303 248 | —0.49| 8.15| 3.76 Diet 4
24-27| 35 | 1245 23 681 | 541 | 878 289 | 318 | 271 | —0.08 | 8.00 | 3.97 Diet 4
28-3 36 | 1245 16 720 | 509 | 878 | 357 | 343 178 | —0.24 | 8.34 | 3.57 Diet 4
March 4-7 37 | 1245 0 763 | 482 | 878 | 354 | 312 212 0.31] 8.52 | 3.72 6.14| Diet 4
8-11| 38 | 1245 5 910 ] 330 | 878 | 344 | 354 180 0.61]8.59 | 3.72 Diet 4
12-15 | 39 | 1245 0| 896| 349 | 878 | 412 | 362 104 | —0.91 | 8.68 | 3.58 Diet 4
16-19 1245 (1] 959 | 286 | 878 | 373 | 358 147 099 | 8.01 | 3.41 iet 4
20-23 | 41 | 1245 0 |1032] 213 | 878 | 400 | 364 114| -0.14 | 8.15 | 3.36 7.68| Diet 4
24-27 | 42 | 1245 0 {1025] 220 | 878 | 369 | 369 140 1311 8.20 | 3.18 Diet 4
28-31| 43 | 1245 0 |1132] 113 | 878 323 | 396 159 146 | 8.22 | 2.70 Diet 4 .
April 1-4 44 | 1245 6 | 1045 | 194 | 878| 304 | 366 | 208 161 7.66 | 3.08 Diet 4 Vigantol 1/24 cc. daily
5-8 | 45 | 1245 10 | 992 243 | 878| 354 | 344 | 180 1.57 | 8.42 | 3.22 Diet 4 Vigantol 1/24 cc. daily
9-12 | 46 | 1245 2 939 304 | 878| 303 | 344 | 231 2.59 | 894 | 3.32 596| Diet4 Vigantol 1/24 cc. daily
13-16 | 47 | 1245 2 848 | 395 | 878 299 | 306 | 273 1.40 | 8.61| 3.33 Diet 4 Vigantol 1/24 cc. daily
17-20 1245 3 710 | 532 | 878 260 | 310 | 308 | —1.40 | 8.31 | 3.27 Diet 4
21-24| 49 | 1245 3 732 510 | 878 | 254 | 308 | 316 0.86] 8.38 | 2.99 Diet 4
25-28 | S0 | 1245 1] 7421 503 | 878 | 287 | 309 | 282 1.05 | 8.74 | 3.60 5.93| Diet4
29-2 51 | 1245 (1] 808 | 437 | 878| 297 | 297 | 284 090 8.50 | 3.12 Diet 4
May 3-6 52 | 1245 0 861 | 384 | 878| 352 | 316 | 210 0.05| 8.64| 3.75 Diet 4
7-10 | 53 | 1245 0 896 | 349 | 878| 322 | 346 | 210 1.00 | 8.09 | 3.65 Diet 4
11-14 | 54 | 1245 0 734 | 511 | 878 326 | 285 | 267 1.18 | 8.55 | 3.68 Diet 4
15-18 | 55 | 1245 (1] 745 500 | 878 278 | 325 275 142|836 | 3.22 Diet 4 .
19-22 | 56 | 1245 0 865 ] 380 | 878] 230 | 379 | 269 1,78 | 8.56 | 3.48 et 4 Vigantol 1 cc. daily
23-26 | S7 | 1245 21 644 | 580 | 878 200 | 282 | 396 1.65| 8.83 | 3.23 Diet 4 Vigantol 1 cc. daily
27-30 | 58 | 1245 11 580 | 654 | 878] 232 | 259 | 387 095 | 8.44 | 3.84 Diet 4 Vigantol 1 cc. daily
31-3 59 | 1245 27 4904 | 724 | 878 192 | 244 | 442 1.87 | 8.54 | 4.03 Diet 4 Vigantol 1 cc. daily
June 4-7 60 | 1245 82 434 | 729 | 878 189 | 236 | 453 1.79 | 8.22 | 4.32 4.05| Diet4 Vigantol 1 cc. daily
the average calcium retention in periods 3 to 5 The effects of 100 to 300 cc. of a solution

amounted to 45 per cent of the intake. The
average phosphorus retention of the correspond-
ing periods was almost 28 per cent of the intake.
The urinary phosphorus ran low. The serum
calcium was around 8 mgm. per cent but the in-
organic phosphorus was more than 4 mgm. per
cent.

containing 0.6 N sodium citrate and 0.9 N citric
acid and a solid mixture of 60 to 120 milliequi-
valents of ammonium carbonate and of ammonium
chloride were studied during periods 6 to 8 and
12 to 13, respectively. As in Case 1, we cannot
attribute any important changes to the use of
these salt mixtures other than a slight drainage
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of urinary calcium and a definite increase of uri-
nary phosphorus, together with slight impairment
of phosphorus retention during the periods of
ammonium chloride administration.

It is, however, clear that throughout periods 3
to 16 there was an uninterrupted trend of reduc-
tion in both the calcium and the phosphorus
retention. The calcium retention in period 16
measured less than 6 per cent of the intake. This
was entirely due to a progressive increase in fecal
calcium. Both the urine and the fecal phosphorus
increased, the urine more so. The phosphorus
balance during period 16 was definitely negative.
The serum calcium did not change but the inor-
ganic phosphorus dropped to a distinctly lower
level. Again these findings may be taken as
characteristic effects of vitamin D depletion. The
experimental diets were sufficiently devoid of
vitamin D to allow such depletion to take place.

II. The effect of siz eggs. Two hundred grams
of egg, approximately equivalent to six average

sized Chinese hens’ eggs, contained 80 grams of
yolk, which was estimated to contain not more
than 400 international units of vitamin D. This
was given daily during periods 17 to 26. There
was a sudden progressive reduction of fecal cal-
cium and a similar reduction of urinary and fecal
phosphorus. With further reduction of fecal
calcium, urinary calcium began to appear and
reached a significant proportion by the end of
the last period of egg ingestion. The result of
these changes was a marked increase of calcium
and phosphorus retention which reached their
maximum—namely, about 61 per cent of the in-
take—in the sixth period of egg ingestion. This
high degree of calcium retention was maintained
for the following 4 periods. The changes in the
serum calcium were insignificant but the inorganic
phosphorus rose to a perfectly normal level.
When more phosphorus was given in the form
of a solution of trisodium phosphate in periods
27 to 30, the urinary calcium decreased slightly
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and there resulted a slight further increase of
calcium retention. The phosphorus retention was
also further increased but most of the excess
phosphorus appeared in the urine.

The optimal calcium balance continued un-
changed for about 7 periods after the egg inges-
tion was discontinued. Then the effect of the
egg diet began to wear off. First of all the urine
calcium decreased and later disappeared. The
fecal calcium increased steadily. Both the urine
and the fecal phosphorus increased. The serum
calcium decreased slightly and the serum inor-
ganic phosphorus once more came down to a very
low level. By period 13 the effect of the egg
diet may be considered to have entirely disap-
peared. The calcium retention then was only 9
per cent of the intake compared with the average
optimal retention of 57 per cent during periods
22 to 26.

To summarize this experiment: six eggs daily
for forty days brought about a maximal calcium
and phosphorus retention in twenty-four days
after the commencement of their ingestion. The
maximal retention was maintained for forty-eight
days or twenty-eight days after the egg ingestion
was stopped. It took sixty-eight days after its
discontinuation for the beneficial effect to dis-
appear completely.

III. The effect of minimal and full doses of

H. I. CHU, S. H. LIU, T. F. YU, H. C. HSU, T. Y. CHENG AND H. C. CHAO

Vigantol. One cc. of a diluted Vigantol (1:24)
containing 500 international units of vitamin D
was given during periods 44 to 47. Its action
on the calcium and phosphorus balances was seen
immediately and the maximal effect was obtained
in the period immediately after the drug was dis-
continued. This improved calcium and phos-
phorus retention continued for 3 more periods
before it began to decline. A slight increase of
the serum calcium and inorganic phosphorus was
also noticeable. The definite but transient effect
of the small amount of Vigantol observed in the
present case resembled that observed in Case 1
in a remarkably close manner.

When the full dose of Vigantol, 1 cc. containing
12,000 international units of vitamin D, was given
in the last 5 periods, the calcium retention was
naturally further improved and calcium began to
appear in the urine. The urine and fecal phos-
phorus decreased, resulting in more favorable
phosphorus balance. The serum inorganic phos-
phorus was raised to over 4 mgm. per cent. There
was no time to observe the maximal degree of
improvement and the course of depletion.

Case 3, L. T. L., osteomalacia and rickets

The vitamin D-deficient and calctum-low diet
and the production of megative mineral balances
as a sign of vitamin D depletion. This patient

TABLE 1V
Case3. L.T.L. Calcium and phosphorus metabolism during vitamin D depletion while on a low calcium diet
Calcium, average daily Phosphorus, average daily Ni- Serum
- n
- Remarks
1937-1938 four-| ance, Phos-
In- . Bal- | In- Bal- Cal- | Phos-
V| take |Urine|Stooll gpee | gaie |Urine| Stool] gpce | %2251 cium | phorus ‘t)::e.
mgm. | megm.
mgm. | mgm. | mgm | mgm. | mgm. | mgm. | mgm.| mgm. | grams ‘1::‘ per | unmils
November 8-11| 1| 167 8 | 46| 113| 549 | 234 [ 159 156| 0.91| 6.56 | 3.69 | 11.00 Diet 1
12-15| 2| 167 8 | 42| 117] 549 | 274 | 143 | 132| 092 6.94 | 4.09 Dget 1
16-19 | 3| 167 6| 62| 99| 549 | 308 | 193 48| 0.47| 5.66 | 4.29 D}et 1
20-23| 4| 161 | 65 78| 18] 538 | 331 | 204 3] 0.08| 6.64 | 4.01 Dget 1 NH(CI
24-27| 5| 167 | 86 |[110|—29| 549 | 412 | 226 |— 89 |—0.30] 6.12 | 4.15 D!et 1 NH(CI
28-1 6| 167 | 89 | 123 |—45| 549 | 452 | 227 |—130|-0.06| 6.07 | 3.99 Dl.et 1 NH(CI
December 2-5 71167 | 84 |137|—54| 549 | 400 | 242 |— 93| 0.31| 5.92 | 4.01 Dget 1 NH(CI
6-9 8| 167 | 32 |139|— 4| 549 | 379 | 274 |—104| 0.98| 6.21 | 4.07 Diet 1
10-13| 9| 167 | 19 |136| 12| 549 | 386 | 195 — 32| 1.09| 5.92 | 4.15 D§et1
14-17 | 10 | 167 4 [172|— 9| 549 | 374|250 |— 75| 0.97| 5.74 | 4.09 D!et 1 NaHCO,
18-21 | 11 | 167 6 |208|—47| 549 | 373 1290 |—114| 0.63| 596 | 4.24 Diet 1 NaHCO,
22-25| 12 | 167 7 1198 |{—38| 549 | 371 | 226 [— 48| 0.65| 5.66 | 4.06 D!et 1 NaHCO,
26-29 | 13| 167 | 13 [140| 14| 549 | 330 {233 |~ 14| 0.86| 5.42 | 3.96 D}et 1 NaHCO,
30-2 | 14| 167 | 19 | 208 |—60 | 549 | 326 | 290 {— 67| 0.96| 5.76 | 3.87 Diet 1
January 3-6 | 15| 167 | 17 |227|—77| 549 | 417 | 261 (—129| 0.73 — | 401 Diet 1
7- 5.70 | 4.06 | 10.44
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Fic. 3. Case 3, L. T. L. Carcium AND PHOSPHORUS
MEerABoLISM DuURrING ViTAMIN D DePLETION WHILE ON
A Low Carcrum DIer

Legends as in other figures.

had been on a full hospital diet for one month
in the orthopedic service prior to the present study.
The diet included eggs, milk and sometimes liver.
No vitamin D medication or ultraviolet irradia-
tion was prescribed. When she was put on the
low calcium and vitamin D-deficient diet, her
calcium and phosphorus metabolism was found to
be remarkably conservative. She was able to
retain, on the average, 110 mgm. of calcium out
of a daily intake of only 167 mgm. in periods 1

to 3. The phosphorus retention was equally fa-

vorable. The serum calcium, rather low to start
with, showed a tendency to decline further with
the low calcium intake. The serum inorganic
phosphorus, however, was maintained in the
neighborhood of 4 mgm. per cent.
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Ammonium chloride and sodium bicarbonate
in doses of 30 to 40 milliequivalents daily were
given during periods 4 to 7 and 10 to 13, respec-
tively. The marked increase of urinary calcium
and phosphorus was attributed to the action of
the acid-producing salt, ammonium chloride, but
no change could be assigned to sodium bicar-
bonate. This opinion was well corroborated by
the findings of Farquharson and associates (6).

When one peruses the figures for fecal calcium,
ignoring the urinary calcium for the time being,
a staircase rise of fecal calcium throughout pe-
riods 4 to 15 becomes apparent. This progres-
sive increase of fecal calcium was in no way re-
lated to the acid and alkali administration. The
calcium balances during periods 10 to 15, with
the exception of period 13, became negative,
mainly as the result of large stool calcium excre-
tion, which exceeded the intake. The phosphorus
balances were also negative, with the urine and
stool sharing the drainage. The serum calcium
dropped to below 5.5 mgm. per cent. All these
changes are best explained on the basis of vitamin
D depletion. The distinguishing features in this
experiment are the low calcium intake and the
negative calcium and phosphorus balances. These
are the circumstances which must have existed in
all cases of osteomalacia at one time or another,
although they are rarely observed in metabolic
experiments. The negative calcium and phos-
phorus balances observed in this patient on a
vitamin D-deficient and calcium-low diet, although
small in extent, are significant, particularly when
they are continued. They give us an insight into
the pathogenesis of osteomalacia.

Case 4, Baby W. H. S., normal infant

Incipient changes in calctum metabolism follow-
ing vitamin D depletion. This was a normal in-
fant whose mother was suffering from osteoma-
lacia and who had received 20 cc. of Vigantol in
four days about one month before delivery and
30 cc. cod liver oil daily for six days immediately
after parturition. The calcium and phosphorus
metabolism of the mother was undoubtedly bene-
fited by the vitamin D intake, and the baby was
protected from fetal rickets. The experiment was
primarily designed to demonstrate the maternal
transmission of vitamin D in the milk, the details
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F1c. 4. Case 4, W. H. S. CaLciuM AND PHOSPHORUS
METABOLISM OF A BREAST-FED INFANT SHOWING VITA-
MIN D DEePLETION WITH SUBSEQUENT REPLENISHMENT,
ALL ViA MorHER'S MiLK

of which are reported in a preceding communica-
tion (15). We are interested here particularly
in the changes of calcium and phosphorus metabo-
lism during the period of vitamin D depletion.
The baby received mother’s milk exclusively
throughout the experiment and the mother was
not given any vitamin D until 18 periods of con-
trol observation were completed in seventy-two
days. A series of events happened during these
periods (Figure 4). The urine calcium, which
was relatively large in amount, disappeared slowly.
The fecal calcium increased but a good calcium
retention was still maintained. There was a slight
lowering of serum calcium and inorganic phos-
phorus. However, no significant changes were
observed in the phosphorus balances which re-
mained conservative.

1 Part of Figure 4 of the preceding paper (15) is
reproduced here for convenience.
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When 2 cc. of Vigantol were given to the
mother daily immediately after period 18 and con-
tinued till the end of the experiment, an undeter-
mined amount of vitamin D must have reached
the baby through the milk. The reverse phe-
nomenon took place. The fecal calcium decreased
almost to nil. Urinary calcium made its appear-
ance again. The net percentage of calcium reten-
tion was slightly better. The serum calcium and
inorganic phosphorus showed definite increase.
The phosphorus balance remained as good as
before.

The changes in the calcium and phosphorus
metabolism observed in the first 18 periods (ac-
tually 10 periods), may be representative of vita-
min D depletion. Inasmuch as the mineral reten-
tion remained favorable, the shifting of calcium
elimination from the urine to the stool might be
regarded as an incipient change in the mineral
metabolism in the direction of development of
rickets or osteomalacia. This was corroborated
by the suggestive x-ray findings shortly before
vitamin D was given to the mother.

DISCUSSION

The results of the present investigation confirm
completely our contention repeatedly expressed in
former communications (2, 3, 4, 15) that the diet
during the pre-experimental period and the vita-
min D medication, even though in small doses
and given some time previously, play an important
role in determining the status of calcium and
phosphorus metabolism at the beginning of the
experiment. It cannot be doubted that small
doses of vitamin D in the form of cod liver oil
given for a limited period and the even smaller
amount of vitamin D included in the hospital diet
for many weeks can bring about a favorable cal-
cium and phosphorus balance. Although this
beneficial effect is of limited duration it cannot
be appreciated until one is prepared to extend
control observation on a vitamin D-deficient diet
for a prolonged period. This circumstance has
not escaped the attention of early investigators.
Hess, Weinstock and Tolstoi (10) realized the
influence of the diet during the pre-experimental
period on the susceptibility of rats to rickets.
The refractory state occasionally encountered in
certain groups of rats was found to be due to the
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liberal diet during the pre-experimental period.
It was overcome and the young rats were rendered
susceptible to rickets by feeding the mother and
young a less adequate diet throughout the suckling
period.

Thus in any investigation on calcium and phos-
phorus metabolism, the status of the vitamin D
factor, past and present, must be clearly defined
and segregated, lest false interpretations be made.
This is not an easy matter, in view of the fact
that minimal doses of vitamin D are effective and
their effect is sustained long after their discon-
tinuation. Therefore, in order to ascertain and
separate the effect of previous vitamin D admin-
istration and of subsequent withdrawal, control
metabolic observations for many periods are es-
sential.

On the basis of the present study we feel
justified in concluding that our generally-used
experimental diets in this series of investigations
are deficient in vitamin D. They certainly cannot
be relied upon to exert any curative effect on
osteomalacia or rickets; nor can they maintain
whatever beneficial effect may have accrued from
a previous regimen. It must be noted, however,
that these diets, essentially cereal-vegetable-meat-
oil, conform to the better one of the two types
of dietary used by the mass of population in
Peiping (8). Common vitamin D-containing
foods, such as eggs, milk, butter, fish, chicken and
liver, etc., are not available to the majority of the
population. It is our impression that they derive
their full or partial vitamin D requirement from
non-dietary source or ultraviolet irradiation from
the sun. It is also our opinion that subclinical
vitamin D deficiency must be rather prevalent
among the population, particularly those who lead
a confined life.

The most interesting and instructive feature in
the present investigation is related to the metabolic
changes following the withdrawal of vitamin D.
In a way these changes may be taken to represent
the metabolic process in progress in the course of
development of rickets or osteomalacia. In the
case of calcium, these consist of (1) a diminution
and, later, disappearance of urine calcium; (2)
a progressive increase of stool calcium as the re-
sult of increasing difficulty in the intestinal ab-
sorption of the mineral; and (3) a progressive
decrease of calcium retention on adequate intake
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or actual loss of the element on low intake.
Simultaneously, or somewhat later, the phosphorus
excretion is increased both in the urine and in
the stool. The increased urine phosphorus pre-
sumably represents that portion of the absorbed
phosphorus which fails to be deposited in the
bones because of lack of absorbed calcium. The
fecal phosphorus is increased simply by reason of
the increased unabsorbed calcium in the bowels.
Likewise, phosphorus balance suffers. Both serum
calcium and phosphorus decrease but one may be
more seriously or sooner affected than the other.
In spite of the fact that the derangements of
calcium and phosphorus metabolism in advanced
vitamin D deficiency are well known and that the
metabolic response to vitamin D therapy in such
cases is familiar to the students of rickets and
osteomalacia, the literature is devoid of any in-
formation on the incipient changes that occur in
the pre- or subclinical stage of the disease.
Skaar’s (18) investigation on experimental rickets
in dogs was perhaps the only published work
which included metabolic observations in the
course of development of rickets. Even in this
work the author failed to realize the importance
of publishing data on the changes in the paths of
excretion of calcium and phosphorus which ac-
companied the poor retention of the minerals.
The experience gained from the study of the
effect of small doses of vitamin D on the calcium
and phosphorus metabolism in osteomalacia opens
up the possibility of assaying in human beings the
relative antirachitic potency of different vitamin
D-containing foods. It would be of still greater
interest to compare the antirachitic potency of
vitamin Ds of different origin, a question which
has not been answered satisfactorily by clinical
experiences with rickets (1, 5, 13, 14).
Heymann (11, 12) demonstrated the presence
of vitamin D in the liver and the blood plasma
of rabbits for as long as twelve weeks after a
single dose of viosterol equivalent to 200,000
international units. This was more or less con-
firmed by Guerrant and associates (7) in growing
calves and by Vollmer (19) in human beings.
These facts about the storage of vitamin D fol-
lowing oral administration provide a logical ex-
planation for the prolonged duration of the anti-
rachitic effect of vitamin D. More work must be
done, however, to determine the extent of storage
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in relation to the size of the dose administered.
Further work along the lines started in the present
investigation would also answer the question as
to whether the duration of the antirachitic effect of
a given dose of vitamin D would be proportional
to the size of the dose.

SUMMARY

Calcium and phosphorus metabolism was studied
in 3 patients with osteomalacia and 1 normal in-
fant born of an osteomalacic mother. Prolonged
observation was made while the patients were on
vitamin D-deficient diets. The infant was given
breast milk exclusively, while the mother was on
a similar vitamin D-deficient diet. At the begin-
ning all 4 cases showed conservative calcium and
phosphorus balances, due presumably to prior vi-
tamin D store either from the hospital diet or
from medication as cod liver oil. But in the
course of time the following metabolic changes
were observed. The urine calcium decreased and
then disappeared; the fecal calcium became pro-
gressively increased ; and the calcium balance was
reduced or became negative when the calcium in-
take was low. The phosphorus metabolism fol-
lowed a similar unfavorable course; both the
urine and the fecal phosphorus were increased.
The serum calcium and inorganic phosphorus usu-
ally diminished but slightly in the course of these
observations.

These metabolic changes were interpreted as
evidence of vitamin D depletion. When they
were put on the experimental diets, which were
sufficiently devoid of vitamin D to allow the
depletion of the prior store, whatever beneficial
effect they derived from the previous regimen
disappeared in the course of time, giving place to
all the metabolic changes enumerated above.
These biochemical alterations are regarded as early
signs of vitamin D depletion, as they must go
on for some time before clinical evidence of such
deficiency can be elicited. They are helpful in
providing material for reconstructing the meta-
bolic processes that underlie the development of
rickets and osteomalacia.

Experiments with very small doses of vitamin
D in the form of Vigantol or the addition of eggs
to the basal diet, as in Cases 1 and 2, demon-
strated the efficacy of such minimal doses of vita-
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min D, and confirmed the supposition that the
favorable metabolic behavior observed at the be-
ginning of the experiments in all the cases was
due to previous vitamin D store which was given
up very slowly.

CASE ABSTRACTS

Case 1, S. C. C., Hospital Number 64728, a Chinese
married woman of 18, was admitted to the obstetrical
service on October 13, 1938, after she had been in labor
for thirty hours. She gave a history of pain in the
thighs and difficulty in walking for about three and a
half years. She had been married at the age of 14.
Her menstruation started shortly after marriage and she
became pregnant for the first time just after the first
period. She was apparently well in the first trimester
of the pregnancy but she began to have pain in the
thighs and difficulty in walking during the remaining
course of pregnancy. She gave birth to the first child
without dystocia in October 1935. Her symptoms sub-
sided for three months after parturition but recurred
afterwards. The child was fed on the breasts. Pain in
the thighs and difficulty in walking continued till April
1936 when her child died of diarrhea. The same symp-
toms were present from January to April 1937. The
present pregnancy, her second one, commenced in January
1938, together with recurrence of pain in the thighs.
The pain was noticeable on walking, which was difficult.
She was confined in bed most of the time. There were
no symptoms of tetany. Labor pains started approxi-
mately thirty hours before admission but no progress
was made after repeated examinations by ignorant mid-
wives. She was finally referred to this hospital for
prolonged labor. She had productive cough for twenty
days in 1937 and again for two weeks last spring. She
never had any fever or hemoptysis. The rest of the
past history was unimportant. Her diet was always poor,
consisting of millet, mixed flour and salted turnip. It
was roughly estimated that she got not more than 2,000
calories a day. During the present pregnancy her food
intake was even further reduced.

Physical examination on admission revealed that the
patient was very small in stature and undernourished.
Her weight was 34.1 kgm. She preferred to lie on her
side with the lower extremities drawn up and adducted.
She complained of pain when her legs were extended
and abducted. Gradually, full extension could be ac-
complished. The adductor muscles of the thighs were
spastic and tender. Thoracic cage was asymmetrical with
some tenderness over the ribs. There was slight degree
of lordosis of the spine, intrusion of both acetabulae and
slight knock-knee. Her head organs were normal except
for pyorrhea alveolaris. The lungs were clear and the
heart of normal size but rapid, with a basal systolic
murmur. Blood pressure was 104/70. The abdomen was
distended by gravid uterus which was in constant con-
traction. The fetal heart was irregular. Pelvic meas-
urements were 1.S. 21 cm,, I1.C. 23.5 ecm,, E.C. 17.5 cm,,
and T.O. 8 cm. Rectal and vaginal examinations showed
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that the cervical os was fully dilated, the membrane was
intact and the fetal head was floating. There was slight
pitting edema of the legs. The tendon reflexes were
normal and Chvostek’s and Trousseau’s signs were nega-
tive,

Laboratory findings on admission showed that her
urine contained some albumin, many white blood cells and
occasional red blood cells. Phenolsulphonephthalein ex-
cretion was 65 per cent in two hours.” Blood count:
Hemoglobin 119 grams, red blood cells 4,040,000 and
white blood cells 15,950 with 85 per cent polymorphonu-
clear leukocytes. Stool was positive for ova of Ascaris.
Blood Wassermann test was negative. Serum calcium
was 8.00 mgm. per cent, inorganic phosphorus 1.90 mgm.
per cent and phosphatase 10.50 Bodansky units.

After admission the amniotic membrane ruptured and
the umbilical cord prolapsed. The fetal heart stopped
before the cord could be reduced. The dead fetus was
finally delivered by craniotomy. The patient ran a low-
grade fever in the first week after parturition. Then
the temperature went up higher, reaching over 39° C.
in the next two weeks. During this febrile period the
patient did not have much complaint besides slight cough.
There was slight dullness in the left upper chest an-
teriorly and dullness and many crepitant rales in the
right lower interscapular area. Blood and urine cultures
were sterile. Sputum contained neither pneumococci nor
tubercle bacilli. X-ray of chest revealed shadows sug-
gestive of advanced pulmonary tuberculosis of right lung
and moderate involvement of left side. X-ray of the
bones at the same time showed slight to moderate degree
of osteoporosis of all the bones, triradiate deformity
and contraction of the pelvis, old pathological fractures
in the pubic and ischial bones, right radius and ulna and
a few of the ribs. The urine then contained but a faint
trace of albumin. There was a leukocytosis of 11,000
to 25,000. No parasite was ever found in the blood
smear. With supportive treatment the fever disappeared
in one month. The general condition gradually improved
and the physical and x-ray findings in the chest also
improved. The urine became clear and the leukocytosis
disappeared. Through the courtesy of Dr. K. T. Lim
of the obstetric service, the patient was transferred to
the metabolism ward for study on November 7, 1938.

During the postpartum period the patient was given a
soft diet and later a high caloric soft diet. These diets,
including animal protein and eggs, were supposed to be
adequate. She received two doses of cod liver oil, 10
cc. each, on October 17, 1938, and another two similar
doses on November 4, 1938. Throughout the period of
study in the metabolism ward the patient did well. How-
ever, her appetite was limited so that the quantitative
diets were of small caloric value. In periods 45 to 46
she developed a swelling of the left cheek and toothache.
This was diagnosed as a radicular cyst with infection.
Excision was done. This disturbed the metabolic study
for 2 periods because the food intake was irregular.
The pain in the thighs disappeared gradually after
hospitalization. The x-ray findings in the lungs also

361

disappeared. She was discharged on June 1, 1939, in
good condition.

Case 2, L. C. Y., Hospital Number 64677, a 45-year-
old Chinese widow, was admitted to this hospital on
October 6, 1938, with the complaint of multiple joint
pain and muscular aching for more than two years. The
patient began to have aching in the lower back and
thighs in February 1933. These symptoms continued till
September and then subsided. In March 1936 she de-
veloped pain in the left lower chest, cough and fever.
While the latter symptoms continued, pain in the back
and the thighs returned in October 1936. The pain
gradually involved the whole lower extremities so that
finally she could not walk. These symptoms became
worse through the winter of 1937 when she had, in
addition, numbness of the hands and feet and, on several
occasions, spasms of the hands. She came to the out-
patient clinic for treatment in June 1938. Rheumatic
heart disease, with mitral stenosis but without heart
failure, and osteomalacia were diagnosed. Thirty cc. of
cod liver oil daily were prescribed and 500 cc. of the
oil were supplied. At the same time edema of lower
extremities was noticed for twenty days. However, the
pain in the back and lower extremities was much im-
proved following the medication. She was then able to
walk with a stick.

She had had occasional attacks of palpitation of the
heart and shortness of breath ever since she was 20
years of age. She gave no definite history of joint
pains before the onset of the present illness. She had
had attacks of epistaxis since the age of 15 or 16. She
had gradually lost her sense of smell in the year preced-
ing her admission. Her menstruation had always been
irregular and scanty and it had stopped two years pre-
viously. She had been married at 18, but had never
become pregnant. Her husband had died ten years pre-
viously of chronic cough and hemoptysis of many years’
standing. Her diet had been poor, consisting of millet,
white flour and corn flour, with salted and fresh vege-
tables. She had never had any animal food nor any
fat or oil for cooking.

Physical examination revealed that the patient was
short and undernourished. Weight was 36.8 kgm. and
height was 148 cm. She appeared comfortable. Her
breath was foul. Post-pharyngeal mucosa and nasal
mucosa were dry and atrophic. Many teeth were miss-
ing, a few were carious, and some were loose. There
was pyorrhea alveolaris. The right lobe of the thyroid
gland was slightly enlarged. The lungs were clear.
The heart was slightly enlarged. A rumbling diastolic
murmur was present at the apex. P-2 was not accen-
tuated. Blood pressure was 96/60. The abdomen was
soft and no viscera were palpable. There was slight
edema in the legs. No skeletal deformity or any bone
tenderness was observed. No spasm or tenderness was
present in the adductor muscles of the thighs. Chvostek’s
sign was positive but Trousseau’s sign was negative.
Tendon reflexes were normal. Pelvic measurements were
normal.
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Laboratory findings. Urine was clear and P.S.P. ex-
cretion was 70 per cent in two hours. Blood count:
Hemoglobin 11.9 grams, red blood cells 4,220,000, white
blood cells 7,000. Blood smear was normal. Stool was
normal. Blood Wassermann was negative. Serum cal-
cium was 7.68 mgm. per cent, inorganic phosphorus 4.25
mgm. per cent and phosphatase 13.27 units. Plasma
albumin was 3.47 per cent and globulin 3.45 per cent.
Basal metabolic rate was -+ 8 per cent. Electrocardio-
gram revealed normal mechanism. X-ray examination
showed that the frontal area of the heart was 16 per
cent oversized, with enlargement in the left auricular
region., There was no gross deformity of the bones
but moderate degree of osteoporosis and coarsening of
trabeculae of all the bones were present. Old pathologi-
cal fractures were seen in the right 5th and 9th ribs,
and the left 6th, 7th and 10th ribs. Old fractures were
also present in both scapulae and in the left 2nd meta-
carpal bone. There was mild biconcavity of the lower
thoracic and upper lumbar vertebral bodies and slight
deviation of the symphysis pubis towards the right side.

In the course of study, which lasted from October
1938 to June 1939, the patient was much improved. She
gained 13 kgm. of weight. Her cardiac condition was
well compensated. Her atrophic rhinitis was also treated
by means of estrone spray with improvement. She was
discharged on June 10, 1939 in good condition.

Case 3, L. T. L., Hospital Number 60504, a Chinese
girl of 16, was admitted to the orthopedic service on
September 28, 1937, with the complaint of pain in the
knees for three years and progressive deformity of the
lower extremities, spine and chest for one and a half
years. The patient was apparently well up to about
three years before admission when she began to ex-
perience a dull pain in both knee joints, particularly on
motion. Symptoms continued but were not severe. In
January 1936 the patient had scarlet fever which cleared
up in seven days. In March 1936 she began to notice
difficulty in extending her knees. One month later her
hips also could not be fully extended. Walking became
difficult and she was completely confined in bed. De-
formity of the lower extremities became progressively
worse so that on admission the lower extremities were
permanently held at 90° at the hips and at the knees.
With the onset of deformity of the lower extremities
she had dull pain in the upper spine and in the sternum.
This was followed by a bulging deformity in her right
upper back and protrusion of the sternum. She denied
having had any symptoms of tetany. The patient had
been born in a poor family. Hunger had been a com-
mon experience. She had had a fair amount of sun-
light exposure before she had become incapacitated by
her deformities but practically none during the past year
and half. Menstruation had not yet started.

Examination showed marked underdevelopment and
undernutrition. Weight was 19.6 kgm.; height 115.8 cm.
She was mentally alert but very quiet. No deformity of
skull was present. Both wrists were distinctly enlarged.
The thorax was markedly deformed with crumbling of
the sternum, so that the distance between the sternal
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notch and the xiphoid process measured only 12 cm.
There were enlarged costochondral junctions over the
lower ribs, obtuse subcostal angle and suggestive Har-
rison’s groove. Marked thoraco-lumbar right kypho-
scoliosis was present. The lower extremities showed
marked muscular atrophy and contractures; extension at
hips and knees was only possible to 90°. Pelvis was
markedly contracted with very narrow pubic arch and
the transverse outlet measured less than 3 cm. Head
organs were essentially normal. Skin was dry and
hyperkeratotic. Dark adaptation was only 1/20 of nor-
mal. Superficial lymph nodes were palpable. Thyroid
gland was diffusely enlarged but more so on the right
side. There were no signs of increased vascularity.
Lungs showed dullness, with diminished breath sounds
in the right upper area. The heart was normal. The
abdomen protruded and the liver edge was palpable.
Chvostek’s sign was positive, but Trousseau’s sign was
negative and Erb’s sign was doubtful.

Routine laboratory examination revealed normal urine,
moderate anemia with slight eosinophilia and presence
of ova of Taenia in the stool. Blood Wassermann test
was negative. Serum calcium was 7.5 mgm. per cent,
inorganic phosphorus 3.1 mgm. per cent and phosphatase
7.0 Bodansky units. Plasma albumin was 3.24 per cent
and globulin 3.04 per cent. P.S.P. excretion and urea
clearance were normal. Basal metabolic rate was + 17.3
per cent. X-ray examination showed that all the bones
were moderately to markedly osteoporotic. Marked sco-
liosis of the mid-thoracic spine and markedly exaggerated
sacral curve were present. The vertebral bodies were
moderately flattened with biconcave deformity. The pel-
vis was deformed with intrusion of both acetabulae.
Costochondral ends of the ribs were broadened. The
epiphyseal ends of radius and ulna were moderately
expanded and hazy with faint areas of radiolucency.
Irregularities and slight cupping were also present. Sim-
ilar but less marked changes were observed in the epi-
physeal ends of the tibia, fibula and femur. There was
slight thickening of periosteum of most of the long bones.
Her lungs appeared fairly clear.

The patient was first treated on the orthopedic service
with Russell’s traction to both lower extremities from
September 28 to October 31, 1937. She was on full
hospital diet; vitamin D medication was purposely with-
held. With the kind permission of Drs. C. M. Meng
and H. C. Fang, the patient was transferred to the
metabolic ward for study on November 1, 1937, when
her deformities of the lower extremities were consider-
ably improved as the result of traction. Her taeniasis
was treated successfully with aspidii oleoresina and proved
to be due to Taenia solium. Three series of metabolic
studies were made, the first of which was reported in
the present communication. She was treated, after the
first series of study, with ultraviolet irradiation and
improved greatly. However, she developed a psychosis
which did not improve until some time after discharge
on May 30, 1938.

Case 4, W. H. S., Hospital Number 66085, a Chinese
male baby, was born of an osteomalacic mother on Feb-
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ruary 7, 1939, by cesarean section. The history was
given under Case 4b of the preceding paper (15).
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