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ABSTRACT. To investigate the mechanism of hypophospha-
temia during total parenteral nutrition (TPN), changes in phos-
phate (P) contents in the liver and muscle of rats supported by
TPN foer 2 days at 270 cal/g were studied in 39 Sprague Dawley
rats (200 g body weight), divided into 5 groups as follows: G-1:
starved for 24 hr (n = 7); G-II: TPN (6 mEq P/1000 cal) after
24 hr starvation (n = 7); G-I1II: starved for 4 days (n = 7); G-1V:
TPN (5 mEq P/1000 cal) after 4 days starvation (n = 9); G-V:
TPN (35 mEq P/1000 cal) after 4 days starvation (n = 9). P

contents of the tissues were measured colorimetrically. Results
indicated that muscle P content decreased in the depleted rat
supported by TPN with low P intake, while an increase in P
content in the liver was a constant finding in each TPN group.
Increase in P intake tended to preserve the P content in the
muscle. These findings suggest that the changes in P distribu-
tion in major body tissues must be considered in addition to
the changes in the serum inorganic P levels to evaluate an
adequate P requirement for TPN.

It has been well recognized that total parenteral nutri-
tion (TPN) with inadequate phosphorus (P) intake in-
duces hypophosphatemia, which is accompanied by clin-
ical manifestations such as confusion, weakness, anor-
exia, malaise, paresthesia, coma, or death.'”™ Redistribu-
tion of P within the body has been assumed to be a cause
of this decrease in serum phosphate.® Hill et al’ indicated
by isotope study that hypophosphatemia is the result of
an increase in turnover of P of skeletal muscle. Derr and
Zieve,® also by isotope study, suggested that hypophos-
phatemia is caused by the shift of P into bone, liver, and
other parts of the carcass.

In this study, estimations of the P content in the liver
and skeletal muscle of the rats supported by TPN were
performed as an attempt to investigate further mecha-
nisms causing hypophosphatemia during TPN.

MATERIALS AND METHODS

Thirty-nine Sprague Dawley rats weighing approxi-
mately 200 g were placed in 5 groups. Group I (G-I, or
TPN, n = 7) rats were supported by TPN for 2 days at
270 nonprotein cal/kg/day after 24-hr starvation. Group
ITT (G-III, or depleted, n = 7) rats were starved for 4
days. Group IV (G-1V, or TPN on the depleted with low
P intake, n = 9) rats were on TPN (270 nonprotein cal/
kg/day) with low P intake (5 mEq P/1000 cal) after 4
days starvation. Group V (G-V, or TPN on the depleted
with high P intake, n = 9) rats were on TPN with the
same calories as G-IV and a higher P intake (35 mEq/
1000 cal) after 4 days starvation.

Water was given freely to each animal. One unit TPN
solution contained 250 g glucose, 25 g amino acid (Ispole,
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Daigo Eiyo Co), 656 mEq sodium, 40 mEq magnesium, 35
mEq calcium, 5 or 35 mEq phosphate as indicated (1
mmol = 2 mEq), and 2.5 ml MVI in 1055 ml. Total
calories were 1020 cal/unit. The feeding system devel-
oped by Steiger et al’ was applied for TPN on the rats.
Infusion was started after insertion of the central ve-
nous catheter via the extrajugular vein. An animal was
sacrificed after each treatment by decapitation. Imme-
diately after blood was collected in a heparinized vessel,
the whole liver was dissected out and weighed. Approxi-
mately 1 g fresh liver was weighed and homogenized with
10 ml ice-cold 5% trichloroacetic acid (TCA) solution and
centrifuged. The supernatant was analyzed for acid-sol-
uble inorganic phosphate and acid-soluble total P, ac-
cording to methods to be described. The rest of the liver
was kept frozen at —20°C for total liver P measurement.
The head, neck, paws, and tail of the animals were
excluded from the study. The remaining carcass was
skinned and other organs were dissected out. The rest of
the carcass, consisting of bone and muscle, was steamed
for 1 hr at 1 kg/m? and the muscle was separated from
bone by dissection.'” According to preliminary study, the
muscle weight from the excluded part of the body was
<10% of the total muscle weight. Inorganic phosphate in
the serum and the supernatant of the liver homogenate
was measured by the method of Taussky and Shorr."
Total liver P in the liver homogenate or acid-soluble
total P was determined as follows: 1 ml sample (liver
homogenate with TCA or the supernatant of this homog-
enate) was oxidized in a test tube by boiling for 30 min
with 0.4 ml 76% sulfuric acid and 2 ml 2 N sodium
permanganate. The inorganic phosphate thus produced
was measured colorimetrically by addition of the solution
(2 ml) containing sodium sulfite (2 N) and ammonium
molybdate (2%), then 0.5 ml 2% hydroquinone. After
subtracting the acid-soluble total P from the total liver
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P content, the part remaining was described as acid-
insoluble P present in the liver. Organic P content in the
acid-soluble fraction was calculated as the difference of
total P in the acid-soluble fraction minus inorganic P in
the same fraction. Whole muscle was minched thor-
oughly, an aliquot (about 1 g) was homogenized with 10
ml deionized water, then the total muscle P was measured
by the same method applied for the total liver P.

The P content was expressed in mg P/g wet weight
tissue, or in mg P/kg body weight of the rat before each
treatment. The changes in P content were expressed as
the percentage of the mean value of the control group.
The Student t test was applied to evaluate the differences
between the groups.

RESULTS

Body weight decreased slightly after 24-hr starvation
(7% in G-I), increased slightly after TPN (4% in G-II),
decreased markedly after depletion (24~28% in G-I11, G-
IV, and G-V), and regained slightly after 2 days TPN in
the depleted rats (G-IV and G-V, Fig. 1).

The weight of the liver increased by 23% in G-II and
decreased by 34% in G-III. The liver weight of the de-
pleted rats recovered to the level before starvation after
2 days TPN. The weight of the muscle did not show
appreciable change in G-III, decreased by 17% in the
depleted rats, but recovered slightly after 2 days TPN
(Table I, Fig. 1).

Changes in weight of body, liver, and muscle
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TABLE 1
Changes in weights and P contents of rat liver and muscle by TPN

Muscle

Liver

P (mg/kg body weight) Weight

Weight

Downloaded from pen.sagepub.com at PENNSYLVANIA STATE UNIV on September 15, 2016

Total P (mg/kg body weight)

(% control)

% Control

weight

% Body
30915

Total P (% control)

Soluble Po Solid P

% Control Soluble Pi

% Body weight

609.1 = 52.3 (100 % 8.6)

100 + 4.7
978 + 8.5
83.4 £ 5.9

929+ 9.1

130.4 £ 17.5 (100 % 13.0)

99.1 + 13.6
99.1 £ 15.7
65.1 = 15.2
88.5 £ 12.1

19.2 £ 3.2
246 + 4.2

121+ 21

100 + 12.7
123.3 + 21.0
66.2 = 16.7
122.3 £ 285

3.62 £ 0.46
446 = 0.76
2.40 + 0.21
443 £ 1.03

G—1I (control)
G—II (TPN)

302+ 2.6
258 + 1.8
287+ 2.8

16.6 + 4.7
7.6 £1.3
11.6 £ 2.0

568.0 £ 30.5 (93.3 £ 5.0)

140.2 + 23.0 (107.5 £ 17.6)
86.6 = 17.5 (66.4 + 13.4)
127.7 £ 18.6 (97.9 + 14.3)

514.4 + 54.8 (84.5 + 9.0)
446.3 + 36.7 (73.2 £+ 6.0)

139+ 21
27.5+93

¢ low Pin)
G—V (TPN after starved

G—IV (TPN after starved

G—11I (starved)

499.6 + 92.0 (82.0 £ 15.1)

89.7 £ 11.1

277+ 34

123.9 + 16.8 (95.0 £ 12.9)

21.8+24 928+ 155

98.7 + 11.3 9+ 14

3.57 £ 0.41

€ high Pin)

Vol. 5, No. &


http://pen.sagepub.com/

May/June 1981

A preliminary experiment showed that cumulative uri-
nary loss of P during 4 days starvation was 50.5 + 0.6 mg
(n = 4).

The serum inorganic phosphate (sPi) level was 9.2 =
0.7 mg/dl in G-I, slightly decreased in G-1I (8.1 + 1.0 mg/
dl) and G-III (7.7 = 1.5 mg/dl). It was markedly decreased
in G-IV where TPN with low P intake was performed on
depleted animals. This decrement in sPi tended to be
reduced by TPN with high P intake (Fig. 2).

Total liver P increased slightly but not significantly in
G-II (TPN after 24-hr starvation, Fig. 2). When a parts/
g tissue concentration of P was compared in G-I and G-
111 the results yielded no significant difference (Table II),
but total liver P decreased by 34% in G-III because of the
decrease in the size of the liver in G-III (p < 0.001, Table
I, Fig. 2). TPN on the depleted rats resulted in a decrease
in P concentration in the liver tissue (Table II), but
owing to the increase in the liver size, total P content
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TaABLE 11
Phosphorus contents in rat liver and muscle
Contents Liver Muscle
mg/g
G—1 Control 3.61b + 0.15 1.98 £ 0.17
G—11 TPN® 3.18 £ 0.41 1.87 = 0.10
G—IIX Depleted 3.60 = 0.64 2.01 +0.22
G—1V TPN on depleted® 2.97 + 0.55 1.56 + 0.16
G—V TPN on depleted® 3.32 £ 0.36 1.79 £ 0.17

“ P: 5 mEq/1000 Cal.
* P: 35 mEq/1000 Cal.
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increased to the control level (Table I, Fig. 2). Although
P intake was different, there was no significant difference
in liver P content between G-IV and G-V (Fig. 2). In the
muscle, total muscle P decreased to 84.5% of the control
in G-II1, and further decreased in G-IV. This decrease in
muscle P tended to be prevented by higher P intake (G-
V, Figure 2).

Liver P was separated into 3 fractions as shown in
Table I and Figure 3. In the acid-soluble fraction, mean
inorganic P (Pi) fraction was 12.1 mg/kg body weight,
increasing to 16.6 mg/kg body weight in G-I1. The total
value of the acid-soluble Pi fraction decreased in G-III
and increased in G-IV and G-V. Acid-soluble organic P
fraction, representing high energy P such as ATP or
sugar esters, increased in G-1I, decreased by 30% in G-
II1, and increased in G-IV and G-V almost to the level of
the control group. The acid-insoluble fraction, which
exists mainly as phospholipid and nucleoprotein and
constitutes 76% of total liver P in G-I, did not change in
G-II and decreased in the depleted rat to 66% of the
control. However, this decrease in acid-soluble P fraction
in the depleted rat tended to increase toward the control
level, by TPN with low or high P intake (G-1V, G-V).
Thus, it can be said that all 3 P fractions decreased by
long-term starvation, and more easily reversed at the
same degree by TPN, whether P intake was high or low.

DISCUSSION

This study has shown that the total liver and muscle
P content in the rat decreased to 66.4 and 84.5%, respec-
tively, after 4 days starvation. During this period of
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starvation, the animal lost 50 mg P from its urine. This
amount of urinary loss is almost equivalent to twice as
much as the total liver P content, or 40% of the total
muscle content of the control rat. Administration of TPN
on depleted rats resulted in an increase in liver P regard-
less of whether the animal was supplied with a low or
high dose of P. This increment in liver P was approxi-
mately 40 mg/kg body weight, which is almost equal to
2 to 3 times more than the estimated extracellular inor-
ganic phosphate (approximately 15 mg P/kg body weight,
when extracellular inorganic P is tentatively calculated
by assuming that 20% of the rat body weight is equivalent
to extracellular space and that inorganic phosphate con-
centration in this space is the same level as that of serum
inorganic phosphate in the depleted rat).

This increased P in the liver must be supplied from
other body compartments if adequate P supply is not
available. Although 80% of the body P is stored in bone
and teeth,'® the endogenous supply of P into the liver
might have been slow or insufficient and other organs
must have also been deprived of their P component to
some degree as well. Hypophosphatemia may be the
result of the appropriation of serum phosphate to the
liver when it is induced to deposit P by TPN.

Muscle stores 9% of total body P and any small
change in muscle P concentration may influence total P
content in the muscle. It thus has been supposed that
muscle is one of the main tissues to take in P from other
parts of the body, but this study indicates muscle behaves
like blood, losing P with inadequate P supply during the
initiation period of TPN. Further study on changes in P
content in other vital organs might contribute to eluci-
date the finer mechanisms of hypophosphatemia.

Clinical manifestations accompanying TPN-induced
hypophosphatemia have been assumed to be the result
of hypoxia of peripheral organs induced by the increased
affinity of the hemoglobin to the oxygen.' Disturbed
glycolysis and the resulting decrease in red cell 2-3-DPG
or ATP by a lack of an adequate amount of inorganic
phosphate is the cause of this increase in oxygen affin-
ity.""* As the same kind of disturbances in glycolysis or
in production of high energy phosphate, such as ATP,
should occur by a decrease in the cellular inorganic
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phosphate fraction, this might be another contributing

factor in the development of the phosphate-depletion
syndrome.®

In clinical TPN, however, changes in sPi levels and P
balance are, at present, the practical means of assessing
the subclinical deficiencies in patients. Accumulation of
these data from TPN patients under differing clinical
circumstances with different levels of P intake might be
necessary to elucidate the adequate P intake during

TPN, which at present are recommended at widely vary-
ing levels.® 2

REFERENCES

1. Travis SF, Sugerman HJ, Ruberg RL, et al: Alterations of red-cell
glycolytic intermediates and oxygen transport as a consequence of
hypophosphatemia in patients receiving intravenous hyperalimen-
tation. N Engl J Med 285:763-768, 1971

2. Lichtman MA, Miller DR, Cohen J, et al: Reduced red cell glycol-
ysis, 2,3-diphosphoglycerate and adenosine triphosphate concentra-
tion, and increased hemoglobin-oxygen affinity caused by hypo-
phosphatemia. Ann Intern Med 74:562-8, 1971

3. Sheldon GF, Grzyb S: Phosphate depletion and repletion: relation
to parenteral nutrition and oxygen transport. Ann Surg 192:683-89,
1975

4. Silvis SE, Paragas PD: Paresthesias, weakness, seizures, and hy-
pophosphatemia in patients receiving hyperalimentation. Gastro-
enterology 62:513-20, 1972

5. Baughman FA Jr, Papp JP: Wernick’s encephalopathy with intra-
venous hyperalimentation: remarks on similarities between Wer-
nick’s encephalopathy and the phosphate depletion syndrome. Mt
Sinai J Med NY, in press

6. Kreusser W, Ritz E: The phosphate-depletion syndrome. Contr
Nephrol 14:162-74, 1978

7. Hill GL, Guinn EJ, Dudrick SJ: Phosphorus distribution in hyper-
alimentation induced hypophosphatemia. J Surg Res 20:527-31,
1976

8. Derr R, Zieve L: Intracellular distribution of phosphate in the
underfed rat developing weakness and coma following total paren-
teral nutrition. J Nutr 106:1398-1403, 1976

9. Steiger E, Daly JM, Vars HM: Animal research in intravenous
hyperalimentation. IN Intravenous Hyperalimentation, G Cowan
Jr, W Scheetz (eds). Lea & Febiger, Philadelphia, 1972, p 186

10. Lax LC, Sidlofsky S, Wrenshall GA: Compartmental contents and
simultaneous transfer rates of phosphorus in the rat. J Physiol 132:
19, 1956

11. Taussky HH, Shorr E: A microcolorimetric method for the deter-
mination of inorganic phosphorus. J Biol Chem 202:675-85, 1953

12. Shils ME: Minerals. IN Total Parenteral Nutrition, PL. White, ME
Wagy (eds). Publishing Sciences Group, Inc, Acton, Mass, 1974

Downloaded from pen.sagepub.com at PENNSYLVANIA STATE UNIV on September 15, 2016


http://pen.sagepub.com/

