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It has been clearly demonstrated that the rate
of glucose absorption is independent of the concen-
tration of the glucose solution introduced into the
intestine (1-4). This has been interpreted as in-
dicating that glucose absorption is an enzymatic
process in which phosphorylation at the wall of
the intestine precedes the absorption of glucose
(5-7). This mechanism has been thoroughly
tested and evidence in its favor is convincing (8-
10). It appeared to us, therefore, that hexose-
phosphates introduced into the intestinal tract
might be absorbed directly, without splitting of
the phosphate linkage with the exception of that
material which would be hydrolyzed by stomach
acids and destroyed by the intestinal flora. It
was therefore decided to determine the manner
in which a hexosephosphate given orally to adults
is absorbed. The adults studied were patients
taken from our wards who showed no evidence of
impaired intestinal absorption.

The administration of large amounts of inor-
ganic phosphate is not an innocuous procedure in
that one runs the risk of reducing the calcium ion
concentration to a low level with resultant tetany.
It was therefore decided, in this preliminary study,
to administer calcium simultaneously. This could
conveniently be done by administering the hexose-
phosphate in the form of its calcium salt. Calcium
fructose diphosphate is readily available and was,
therefore, the substance chosen.

The calcium fructose diphosphate was prepared by the
Ernst-Bischoff Company,3 in the form of a fine powder,
and also in pills containing 0.5 gram of this material.
If we assume that one molecule of this material contains
two atoms of calcium and two phosphate groups, then

1 Presented at the Federation Meeting of the American
Societies for Experimental Biology at Atlantic City,
April, 1950.

2 Present address, Rockford Memorial Hospital, Rock-
ford, Il

the empirical formula is C,H,,0,,P.Ca, and the molecular
weight, 418. Theoretically, 14.8 per cent phosphorus and
19.1 per cent of calcium should be present in the mole-
cule. On analyzing the product, 13.6 per cent of phos-
phorus was obtained and 17.2 per cent of calcium.3

Calcium fructose diphosphate is apparently readily
hydrolyzed. It was observed that preparations which
had been kept in stoppered bottles, but which had been
opened frequently over a nine months’ period, lost a high
percentage of their organic phosphate content, the phos-
phate in the material becoming inorganic. The material
used, therefore, was tested for its inorganic phosphate
content. If the material contained more than 2 per cent
of its phosphate in the inorganic form, it was discarded.
Calcium fructose diphosphate is more soluble than cal-
cium phosphate, and a preliminary test may be made
by shaking up 20 mg. in 25 ml. of water. The material
should dissolve readily with no residue.

The criteria of whether the hexosephosphate has
reached the blood stream were determined by the organic
phosphate content of the serum after the proteins had
been removed. Inorganic phosphate was also measured.
Calcium and two substances which normally form com-
plexes with calcium, namely, citric acid and protein, were
also estimated. Calcium was done by the method of
Sobel and Sobel (11). Inorganic phosphorus was done
by a modified method of Fiske and Subbarow (12, p. 579).
Total protein was done by a modified biuret method (13).
Citric acid was done by the method of Natelson, Pincus,
and Lugovoy (14). Determination of total non-protein
phosphorus was done by digestion of the trichloracetic
acid filtrate of cell free serum (12, p. 581). When 50 ug.
of phosphorus as calcium fructose diphosphate or as cal-
cium glyceryl monophosphate were added per ml. of
serum, 94 to 102 per cent of the phosphorus added was
recovered by this method.

As determined by recoveries of added amounts of vari-
ous constituents to serum, citric acid was determined with
an accuracy of 5 per cent, inorganic phosphorus with an
accuracy of 3 per cent and calcium with an accuracy of 3
per cent. Per ml. of serum, 20 pg. of citric acid, 40 ug.
of inorganic phosphorus, and 50 #g. of calcium were added

8 Calcium fructose diphosphate is manufactured by the
Ernst Bischoff Co. of Ivorytown, Conn., under the trade
name of Com-B-Phos. The material supplied us con-
tained some water of crystallization. The company makes
an anhydrous product which they claim is more stable.
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TABLE I

Change in serum levels after administration of 6 grams of
calcium fructose diphosphate

Non-protein phos-
phorus (mg. %)
C:':f* Time én:v?ln-\ Citrate | Protein
Total ;’a‘g{; Organic
hrs. me. % | me- % %
Fasting | 3.9 | 3.3 0.6 10.1 | 2.03 7.3
1 58| 3.2 2.6 10.3 | 1.91 7.5
V1l 2 67|33 34 |105]203]| 73
3 6.1 | 3.5 26 | 104 | 200 | —
Fasting| 3.1 | 2.7 | 04 9.7 1 189 | 6.3
2 1 56| 29 2.7 10.3 | 2.20 6.4
2 6.1 | 3.4 2.7 10.2 | 1.93 6.2
3 471 3.0 1.7 10.3 | 2.03 6.5
Fasting | 3.4 | 3.0 0.4 9.0 | 2.34 7.2
1 44 | 3.7 0.7 9.3 | 2.56 7.3
31 2 |s8|41| 17| 96|233| 75
3 6.7 | 3.8 29 9.6 | 2.28 7.3
Fasting | 3.5 | 2.9 0.6 8.3 | 2.44 5.6
4 1 44 | 3.1 1.3 8.5 | 244 5.7
2 7.5 | 31 4.4 88 | 2.71 | 5.8
3 53] 3.1 2.2 831249 | 56
Fasting | 4.7 | 3.5 1.2 1103 | 225 | 5.9
5 1 58| 3.7 2.1 10.5 | 2.70 59
2 7.0 | 4.3 2.7 | 10.6 | 2.05 | 6.1
3 58| 43 1.5 | 106 | 2.20 | 6.1
Fasting | 5.6 | 4.5 1.1 95 | 1.95 6.9
6 1 70 | 5.0 2.0 10.3 | 2.40 6.9
2 8.1 5.0 3.1 10.3 | 1.95 7.0
3 70| 5.0 20 | 103 | 195 | 7.2
Fasting | 4.9 | 4.2 0.7 10.1 | 2.36 7.1
7 57| 44 1.3 11.0 | 2.42 7.3
2 56 | 4.5 1.1 109 | 2.61 7.2
3 53| 46 | 0.7 | 10.8 | 229 | 7.3
Fasting| 3.9 | 3.4 | 05 | 10.2 | 1.84 | 6.5
8 1 501 3.6 1.4 | 109 | 2.06 | 6.6
2 5.1 3.7 14 | 108 | 206 | 6.6
3 4.6 | 3.5 09 | 10.8 | 203 | 6.5
Fasting | 3.7 | 2.6 1.1 99 | 2.36 | 6.7
9 1 42 | 2.8 14 10.2 | 2.51 6.7
2 4.7 | 29 1.8 10.2 | 2.36 6.8
3 52| 3.0 2.2 104 | 2.30 6.9
Fasting | 4.6 | 3.4 1.2 | 10.2 | 2.18 | 6.8
10 1 50 34 1.6 10.2 | 2.30 6.7
2 69 | 4.0 2.9 104 | 2.18 6.8
3 651 3.9 26 | 105 | 2.14 | 6.8
Fasting | 3.7 | 3.5 0.2 98 | 1.60 | 7.2
11 1 42 | 3.8 0.4 98 | 1.70 7.6
2 42 | 3.8 0.4 10.3 | 1.86 74
3 44 | 4.1 0.3 94 | 143 74
Fasting | 4.2 | 3.9 0.3 8.1 | 2.10 7.5
12 1 50| 4.5 0.5 8.5 | 2.31 7.7
2 55| 4.8 0.7 80 | 214 | 74
3 531 4.8 0.5 83| 190 | 74

* Hospital patients with apparently no impairment of
intestinal function. Results are averages of duplicates.

for the recovery determinations. The accuracy of the
protein method was estimated at approximately 3 per
cent by comparing the procedure used with the Kjeldahl
procedure on 50 samples, in the routine laboratory. All
analyses were done in duplicate and the tables below
show the results of the average of these duplicates.

The experiments were performed in the following man-
ner: A fasting sample of blood was drawn and 6 grams
(12 pills), of calcium fructose diphosphate were taken
by mouth. Thereafter, samples of blood were taken at
intervals of one hour for three hours.

Results are shown in 12 cases in Table I (cases
1 through 12). Summary of these results is shown
in Tables II and III where the various determina-
tions are averaged for cases 1 through 12, Table
IV shows the results carried out with a calcium
fructose diphosphate powder preparation which
had been hydrolyzed by nine months’ exposure to
moisture in the powder and air. On analysis, ap-
proximately 80 per cent of the phosphorus was in
inorganic form. These results serve as a “blank”
for comparison of the absorption of a hexosephos-
phate with a phosphate preparation which con-
tained the same quantity of calcium and phos-
phorus, but little organic phosphate.

DISCUSSION

Examination of Table III shows a rise of ap-
proximately 15 per cent in inorganic phosphorus,
and a rise of 173 per cent of the non-protein or-
ganic phosphorus, over the fasting level. That
these results are statistically significant is ap-
parent from Table I where increases are observed
in every case without exception. The control
table (Table IV) indicates that the total rise in
organic phosphorus levels could not be caused by
the ingestion of inorganic phosphate. In view of
the small amount of organic phosphate normally
present in cell-free serum, the 173 per cent rise is
somewhat misleading. An estimation of the
amount of organic phosphate absorbed is best ob-
tained by examination of the average absolute rise
in non-protein organic phosphate. This is listed
as 1.40 mg. per 100 ml. in Table ITI. Assuming
that 20 per cent of the body weight represents total
extracellular fluid, the average adult would have
20 per cent X 75 Kg. = 15 liters of extracellular
fluid. The total non-protein organic phosphorus
increase would then be 1.4 X 10 X 15 + 1000 =
0.210 gram. Since the phosphorus represents only
13 per cent of the calcium fructose diphosphate
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TABLE 11

Average values for the 12 cases studied
(Table I, cases 1-12)

SAMUEL NATELSON, MARGARET KLEIN, AND BENJAMIN KRAMER

Calcium Total protein Citric acid
Me.% | 5% | e | Me% | MG | T | Mg | MEZE | e
fasting fasting fasting fasting fasting fasting
Fasting 9.59 — — 6.76 — — 2.06 — —
1 hr. 9.90 0.31 3.2 6.80 0.04 0.6 2.28 0.22 10.7
2 hrs. 10.01 0.42 4.4 6.80 0.04 0.6 2.19 0.13 6.8
3 hrs. 9.95 0.36 3.8 6.73 0.03 0.4 2.10 0.04 1.9

used, this would imply that 1.6 grams of fructose
diphosphate is present in the extracellular fluid
at the time of the peak rise in nonprotein organic
phosphorus as an average for the 12 adults. The
one hour, two hour and three hour figures in
Table III for organic phosphorus indicate that a
continuous process of absorption and metabolism
is going on. From this observation and the fact
that some fructose diphosphate is probably hy-
drolyzed by the acid in the stomach, one might
infer that a high percentage of the fructose di-
phosphate which reaches the intestine is rapidly
absorbed. The speed of absorption is indicated by
the fact that a rise in non-protein organic phos-
phorus can be demonstrated in one hour and that
a peak is reached in two hours. This compares
in speed with the absorption of glucose. A more
accurate picture would have been obtained if en-
teric coated pills had been used.

It is of interest that at no time did the inor-
ganic phosphorus levels rise to a point where a
hazard of tetany might be encountered. At the
peak, the inorganic phosphorus rise was less than
one-third that of the rise in organic non-protein
phosphorus. This rise in inorganic phosphorus
is equivalent to 0.59 gram of calcium fructose di-

phosphate. Thus at the peak rise, more than one-
third of the substance administered (6 grams)
could be accounted for in the extracellular fluid
(1.6 grams + 0.59 gram = 2.19 grams), calcu-
lated on the rise in total phosphorus.

The ratio of the phosphorus to calcium absorbed
should have been 31/40 or approximately 3/4 if
the calcium fructose diphosphate molecule had
been absorbed directly. Actually the ratio was
1.91/0.42 (see Tables III and IV), or 9/2 ap-
proximately. Disproportion between the absorp-
tion of calcium and organic phosphorus may be
interpreted on the basis that the molecule is not
absorbed as a whole, but that in the intestinal
tract calcium dissociates, and the fructose diphos-
phate is absorbed in greater amounts than calcium.
This could only be demonstrated if the amount of
calcium excreted in the stool were measured. In
the present study stool analyses were not done.

The relatively slight increase in calcium con-
centration (Table IT) suggested that a large por-
tion of the calcium may be tightly bound in or-
ganic form. However, ashing made no significant
difference (2 per cent increase) in the calcium
content of the same serum at the peak organic
phosphorus level. Increase in citrate levels is

TABLE III

Average values for the 12 cases studied
(Table I, cases 1-12)

Total non-protein phosphorus Inorganic phosphorus Organic non-p in phosphorus
Mo | MEE | BEER | g | Mg | GRS | | MEge | R
g % fover fover g % ¢ " g % o g "
Fastin, 4.19 — — 340 — — 0.79 — —
lisr. & 517 .98 23 3.66 26 7.65 1.51 .72 92
2 hrs. 6.10 1.91 46 3.91 0.51 15.00 2.19 1.40 173
3 hrs. 5.58 1.39 33 3.88 0.48 14.10 1.70 0.91 116
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TABLE IV

Change in serum levels after administration of 6 grams of
kydrolysed calctum fructose diphosp

Non-protein ph
:llllom (m:.p %o)&
Case*|  Time Sal- | citrate | Protein
Total g:;; Organic
hrs. me. % | me. % %
Fasting| 4.2 | 39 | 0.3 9.0 | 190 | 6.0
13 1 46 | 4.1 0.5 96 | 2.20 6.0
2 46 | 4.1 0.5 95 | 2.10 6.2
3 46 | 4.2 0.4 94 | 1.90 6.0
Fasting | 44 | 3.8 0.6 100 | 2.20 74
14 1 50| 4.3 0.7 100 | 2.10 7.5
2 53] 45 0.8 10.3 | 2.33 7.2
3 55| 4.8 0.7 10.1 | 2.25 7.2
Fasting| 3.5 | 3.0 0.5 10.0 | 2.20 7.3
15 1 39| 33 0.6 10.3 | 2.36 7.6
2 43 1] 3.5 0.8 10.5 | 2.33 7.6
3 48 | 4.0 0.8 10.2 | 2.33 7.3
Fasting | 8.2 | 7.6 0.6 8.0 | 2.10 5.0
16 1 82| 74 0.8 8.7 | 2.54 5.4
2 8.1 7.4 0.7 8.7 | 2.15 5.0
3 82| 75 0.7 8.1 | 192 5.0
Fasting | 6.2 | 5.5 0.7 7.7 | 1.92 4.7
17 1 60| 5.5 0.5 8.1 | 2.03 4.8
2 60| 54 0.6 7.6 | 2.06 4.7
3 62| 54 0.8 76 | 1.96 4.7
Fasting| 5.3 | 4.8 0.5 89 | 2.06 6.1
Aver- 1 54| 49 0.5 9.3 | 2.25 6.2
age 2 56| 5.0 06 | 93 | 2.20 6.1
' 3 59 ] 5.2 0.7 9.1 | 2.06 6.0

. * Hospital patients with apparently no im irment of
intestinal function. Results are averages of duplicates.

probably associated with the rise in calcium levels
(15). Protein changes were not considered
significant.

Certain pathological conditions exist such as
hyperparathyroidism (16), and low phosphorus
rickets (17-19), where the phosphate levels of the
blood cannot be maintained even when inorganic
phosphate is administered. In lead poisoning, the
administration of phosphorus has been suggested
in order to alleviate symptoms by removal of lead
from the plasma (20-22). This technique has
been hampered by the danger associated with in-
jections of inorganic phosphorus. The authors
intend to investigate the possibility that hexose-
phosphates may find application in these cases.

The properties ascribed to calcium fructose di-
phosphate in this report are apparently not limited
to fructose diphosphate since calcium glycerol phos-
phate, when tested in one case, produced similar

results. It is the intention of the authors to ex-
tend this study to other phosphate esters such as
glucose 6 phosphate, and glucose 1 phosphate.

SUMMARY

1. The effect of 6 grams of calcium fructose
diphosphate administered orally on the calcium,
protein, citric acid, inorganic phosphorus and
non-protein organic phosphorus levels of the serum
was studied in 12 adults.

2. The results show an average increase in the
calcium concentration of 4.4 per cent. Citric acid
rose 10.7 per cent over the fasting levels. In-
organic phosphorus levels rose an average of 15
per cent. The greatest change was noted in the
case of non-protein organic phosphorus which was
of the order of 173 per cent increase.

3. Six grams of hydrolyzed calcium fructose
diphosphate given orally did not cause a similar
rise in non-protein organic phosphate in five cases.
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