
526 ROY ET AL.  

normal subjects from infancy to adulthood. Pediatrics, 39: 713 (1967). 
25. Widdowson. E. M.: The fetus and neonate. In: N. S.  Assali: B~ology ofGestation. 

Vol. I1 (Academic Press, New York, 1968). 
26. Wills, M. R., GIII, J .  R., Jr., and Bartter, F. C.: The interrelationships of calcium 

and sodium excretion. Clin. Sci.. 37: 621 (1969). 
27. S M A  S26, Wyeth, Ltd., 4455 Chesswood Drive, P.O. Box 10, Downsview, 461, 

Ont. Manufacturer's composition of formula when reconstituted to 80 cal/dl is: 
fat 4.370, carbohydrate 8.670, protein 1.870, Na+ 0.84 mEq/dl, Kt 1.90 
mEq/dl, CI 1.32 mEq/dl. 

28. ABDEC, Parke Davis & Co., Ltd., 350 Evans Avenue, Toronto 18. Ont. 
29. Unicam S P  1900 Atomic absorption flame spectrophotometer, Pye Unicam, 

York St., Cambridge, CBI 2PX. England. 

Copyright O 1976 International Pediatric Research Foundation, Inc 

Pediat. Res. 10: 526-531 (1976) 

30. The authors wish to thank Miss A. Zitman, R.N., for her assistance in specimen 
collection, recording of clinical data, and supervision of balance stud~es; Mrs. 
D. Hanimyan, B.Sc., Mr. J .  Fabenyi, R.T.. B.Agr., and Mrs. P. Thorpe, R.T., 
for their expert technical assistance. The authors are grateful to the Medical 
and Nursing Staff of the Neonatal Unit of the Hospital for Sick Children for 
their help and cooperation. 

31. This investigation was supported in part by the Medical Research Council of 
Canada (Grant no. MA 4635). 

32. Requests for reprints should be addressed to: 1. C. Radde, M.D.. Research In- 
stitute. The Hospital for Sick Children. 555 University Ave., Toronto, Ontario 
M5G 1 x 8  (Canada). 

33. Accepted for publication August 15, 1975. 

Feed volume sodium 
hyponatremia urine 
plasma very low birthweight infants 

Late Hyponatremia in Very Low Birthweight Infants 
( < 1.3 Kilograms) 

R .  NEIL ROY, G. W. CHANCE, 1. C. RADDE,'30' D. E. HILL, D. M. WILLIS, AND J. SHEEPERS 

Research Institute, Divisions of Neonatology and Endocrinology, The Hospital for Sick Children; Department of 
Paediatrics, University of Toronto, Toronto, Ontario, Canada 

Extract measured serially, and there were no differences between S and N S  
infants in the distribution of body water. The percentage of TBW 

Late h ~ ~ o n a t r e m i a  (P"'"" 'a+ < 130 mEq/liter) occurred and ECV decreased in all groups with increasing postnatal age. 
freauentlv (on 54  of 159 occasions) in 46 verv low birthweight 
( ~ ~ 9 W ) " i n f a n t s  ( < 1.3 kg a t  birth) between 2 and 6 weeks of age 
while receiving a sodium intake of 5 2  mEq/kg/24 hr. T o  elucidate 
possible pathogenetic mechanisms five groups of such infants were 
studied while receiving a commercially available formula reconsti- 
tuted to give two different volumes and two different Na+ concen- 
trations. Sodium intake in the nonsupplemented ( N S )  infants (n  = 

23) was less than 2 mEq/kg/24 hr. Supplemented (S) infants ( n  = 

16) received approximately 3 mEq Na+/kg/24 hr. A further group 
of seven infants given a high volume (200 mI/kg/24 hr), high caloric 
(100 cal/dl)  formula and Na+ supplementation ( t o  3 mEq/kg/24 hr)  
was also included. Infants were studied from age 14 days until they 
weighed 1.80 0.05 kg a t  a mean age of 47 days. 

At the time of start of the study, 6 of 20 N S  and 6 of 19 S infants 
were hyponatremic. After supplementation only two episodes of 
hyponatremia occurred in S infants, both during the first study 
week, whereas the high incidence of hyponatremia in N S  infants 
remained unchanged throughout the first 3 weeks of the study 
period. 

During baseline urine collections all infants excreted between 80  
and 100 ml/kg/24 hr urine, but those receiving 150 ml/kg/24 hr 
formula decreased their urinary output rapidly to 50 ml/kg/24 hr, 
whereas infants receiving high volume feeds (200 ml/kg/24 hr)  did 
not decrease their urinary output until the third balance a t  an  
average ace of 45 davs. All infants excreted between 1.0 and 1.2 

Speculation 

VLBW infants are prone to hyponatremia in the first 6 weeks of 
life because of the combined influence of renal immaturity, which 
permits relatively high urinary sodium loss in the presence of low 
plasma [Nail, and low intake of sodium ( 5 2  mEq/kg/24 hr), the 
amount provided by some current formulas based on breast milk. 
Dilutional factors are  not involved, but the role of aldosterone 
remains unresolved. Supplementation of the formula to provide a 
daily topal sodium intake of 3 mEq/kg/24 hr until a weight of 1.5 kg 
is reached is corrective. 

Investigations into the nutritional requirements for the VLBW 
infant ( <  1.3 kg) are being carried out in several phases in the 
Hospital for Sick Children, Toronto. During earlier investigations 
of calcium supplementation (7), a frequent incidental finding was a 
low plasma sodium concentration at  2-7 weeks postnatal age (8). 
The  present study was designed to determine in VLBW infants the 
appropriate N a f  intake to  prevent this hyponatremia and to 
investigate possible underlying factors. We  examined the effect of 
differences in feed volume and Na+  and caloric intakes on plasma 
and urinary electrolytes and on body fluid compartments. 

m ~ ~ / Y k ~ / Z 4  hr of sodi"um in their urine during the initial collection. 
Nonsupplemented infants reduced their urinary Na+ excretion more PATIENTS, PROCEDURES, AND METHODS 

rapidly than supplemented babies (NS: from 1.03 to  0.55 mEq/ PATIENTS 
kg124 hr, first vs second balance; S: from 1.00 to 0.80 mEq/kg/24 
hr, first vs third balance). Mean potassium excretion remained Forty-six infants of birthweight < 1.3 kg were studied. Table 1 
unchanged in N S  and S infants during the study period and was not shows the study groups, their mean birthweight, and their gesta- 
affected by the volume or  caloric content of the formula. tional age. All infants < 1.3 kg birthweight admitted to the 

Extracellular volume (ECV)  and total body water ( T B W )  were Neonatal Unit of the Hospital for Sick Children, Toronto,  were 
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assessed for gestational age from the obstetrical history and 
developmental scoring (9) between days 1 and 5 of life. Infants 
were allotted to one of four study groups and pertinent data of a 
previously studied series (8) were also included. The infants entered 
the study at  an average age of 18 days. The study terminated when 
the infants' weight reached 1.80 * 0.05 kg a t  an average age of 47 
days. Infants were excluded if there was respiratory distress 
requiring intermittent positive pressure ventilation o r  if less than 
80% of the desired formula intake was achieved by 3 weeks of age. 

PROCEDURES 

All infants were nursed in incubators (Isolettes (25)) to maintain 
standard conditions of temperature and humidity. They received a 
proprietary formula (26) reconstituted to either 80 or  100 calldl  to 
provide caloric intakes of 150-160 or  200 cal/dl. The measured 
caloric and Na+  intakes are indicated in Table 1. 

Twice weekly the infants were weighed on an Air Shields, Inc. 
(25) balance and the plasma electrolyte concentrations and 
acid-base status in blood were determined. The base excess was 
maintained within 1 S D  from normal ( -  1.5 to -4.9 mEq/liter) (2) 
by appropriate sodium bicarbonate administration. Three times 
during the study, three consecutive 24-hr urine collections for 
sodium, potassium, and chloride estimations were made; on these 
three occasions, body water studies were also performed after the 
urine collection was terminated to avoid interference by the Na+  in 
the NaBr administered. 

Sodium intake was measured from formula and was calculated 
from other exogenous sources (e.g., antibiotics (27)) in N S  groups. 
Infants in the S groups received additional N a +  to achieve a total 
Na+  intake of approximately 3 mEq/kg/24 hr. Sodium supple- 
ments were in the form of NaHCO,, unless the base excess was < 
- 1.5 mEq/liter, when sodium was given as NaCI. Significant 
hyponatremia (plasma Na < 125 mEq/liter) was treated with 
NaCl  o r  NaHCO,, depending on the base deficit. 

For estimation of body fluid spaces a solution of 0.5% antipyrine 
in 2% NaBr was injected intravenously a t  a dose of 4 ml/kg after a 
zero time blood sample has been drawn. Because of the volume of 
plasma required for the antipyrine estimation (0.2 ml), only one 
further blood sample was obtained 3 hr after injection of tracer. 
The antipyrine space was then estimated from zero time dilution 
using the average regression line calculated by Cassady and 
Milstead (4) for neonates during the first 24 hr of life. For 
estimations of the bromide space, corrections were made for the 
Donnan factor and plasma water (3) as well as for intracellular 
water. 

CHEMICAL METHODS 

Plasma sodium and potassium were determined by standard 
flame spectrophotometric techniques and plasma chloride by 
coulometric-amperometric titration (5). Plasma concentrations of 

antipyrine were determined using klendelsohn and Levin's (14) 
method and bromide estimation by neutron activation analysis 
(10). 

RESULTS 

Hyponatremia was arbitrarily defined as a plasma Na+  concen- 
tration of less than 130 mEq/liter (7). For computation, plasma 
electrolyte concentrations of specimens obtained twice weekly 
were averaged. Values were excluded if blood was taken within 48 
hr  of a time when Naf  intake exceeding the desired intake 
(Table I) by 1.0 mEq/kg/24 hr. 

PLASMA ELECTROLYTE CONCENTRATIONS 

Data were pooled for N S  groups (groups I and II) since there 
were no differences between the two groups. Similarly, values were 
combined for the three S groups (groups 111-V). Mean electrolyte 
concentrations are shown in Figure 1. Mean baseline values for 
Na+  in plasma were similar in N S  and S groups. Plasma sodium in 
N S  groups decreased from baseline during the first study week, a 
difference which was statistically significant on paired t-testing ( P  
< 0.05). Thereafter, N S  infants continued to show low mean 
values until the fourth study week at  an average age of 45 days, a t  
which time an increase was noted ( P  < 0.05). In contrast, the S 
groups showed an immediate and progressive increase in mean 
plasma N a +  concentrations to the normonatremic range by the 
first study week after N a  supplementation. 

For computation of "hyponatremic episodes" only the regularly 
obtained twice weekly Na+  values were included with the exclu- 
sions outlined above. 

The incidence of hyponatremic episodes was similar in all 
groups a t  the start of the study and averaged 31% (Table 2). 
Nonsupplemented infants showed a persistently high incidence of 
hyponatremia until the fourth study week. In S infants only two 
episodes of hyponatremia were observed after supplementation 
had started, both occurring during the week after commencement 
of Na+  supplementation. The incidence of hyponatremia was 
highly significantly different between N S  and- s groups ( P  < 
0.001). 

~ a s e l i n e  plasma K +  concentrations were similar in all groups 
but rose in patients of N S  groups, especially in group I ,  during the 
period when hyponatremia was noted frequently (Table 2). Mean 
plasma K +  values declined in S groups by approximately 1.5 
mEq/liter after supplementation had started. 

Plasma chloride concentrations were similar at the beginning of 
the study but then decreased in N S  and increased in S infants so 
that a significant difference developed during most of the study 
period (P < 0.01 or c0 .025)  (Fig. I) ,  In N S  infants, chloride 
concentrations rarely paralleled N a +  concentrations and the 
incidence of hypochloremia (<  100 mEq/liter) was lower than the 
incidence of hyponatremia. 

Table I .  Chorocteristics of patient groups, concentration of formula used, and caloric and  sodium in!akes 

Group 

Formula Measured 
concen- Desired caloric Measured 

Gestational age, tration, volume, intake, Na+ intake, 
n Birthweight, kg weeks cal/dll ml/kg/24 hr cal/kg/24 hr mEq/kg/24 hr 

Non-Na+ supplement (NS) 
I  14 1.03 i 0.05 30.5 A 0.6 80 200 141 1.6 
I 1  9 1.06 A 0.05 29.3 i 0.5 100 150 149 1.7 

Na+ supplement (S) 
I I I  8 1.10 i 0.05 30.4 & 0.8 80 200 152 2.8 
I  V 8 1.11 *0.06 30.1 i 0.6 100 150 150 3.0 
V 7 1.17 i 0.04 29.8 i 0.6 100 200 169 2.8 

' Formula used (manufacturer's composition before dilution): fat 7.2%; carbohydrates 14.4%; protein 3%; calories 133/dl; Na+ 1.3 mEq/dl; K i  2.86 
mEq/dl; C1 2 mEq/dl. 
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Fig. 1 .  Plasma electrolyte concentrations computed for weekly averages (mean + SEM). G O :  non-Na-supplemented 
Na-supplemented infants. *: P < 0.05; **: P < 0.025; ***: P < 0.001. "Normal" ranges for children are indicated. 

Table 2. Incidence of hyponatremia (plasma Nu+ < I30 
mEqlliter) and hyperkalemia @lasma K +  > 5.5 mEqlliter) 

Weeks of study 

Group Baseline1 1 2 3 4 

Hyponatremia 
I and IZ 6/20 13/32 12/29 11/28 6/31 

30% 40.6% 41.4% 39.3% 19.4% 

IIZ, IV,and V 6/19 2/33 0138 0130 0126 
31.6% 6.1% 

Hyperkalemia 
I and II  3/21 3/17 11/19 5/14 4/13 

14.3% 17.6% 57.9% 35.7% 30.8% 

ZII, ZV, and V 1/17 2/19 1/18 3/17 0116 
5.9% 10.5% 5.6% 17.6% 0% 

' Results computed from blood samples drawn within 48 hr of start of 
the study. 

URINARY EXCRETION OF WATER A N D  ELECTROLYTES 

Urinary excretion data are shown on Table 3. In groups I I  and 
IV,  receiving 150 ml/kg/24 hr of formula, urinary volumes 
decreased significantly between the "baseline" and the first study 
specimen ( P  < 0.001 on paired t-testing), whereas the remaining 
groups, receiving 200 ml/kg/24 hr, showed no such decrease (0.1 
> P > 0.05). The differences in urinary water excretion between 
"normal fluid load" and "high fluid load" patients are illustrated 
in Figure 2. No differences in urinary volume were seen between 
N S  and S groups, nor did the higher solute load of group V cause 
any change in urinary volume. 

The urinary Na+ excretion rate was high in all groups during the 
baseline collection period, particularly in view of the low mean 
plasma Na+ concentrations. Between baseline and the first study 
specimen NS infants decreased their urinary Naf excretion to 
approximately half the initial values ( P  < 0.01, paired t-test), 
whereas urinary Na+ remained unchanged in S infants. By the 
end of the study, S infants showed a slight reduction in urinary 
Na+ excretion compared with baseline values ( P  < 0.05). The dif- 
ferences in urinary Na+ excretion between N S  and S infants are 
depicted in Figure 3. Analysis of results according to gestational 
age greater or less than 30 weeks did not show any differences. 

Potassium excretion in urine was slightly but not significantly ( P  

infants; 

< 0.10) lower in group I than in the other groups only during the 
baseline collections. The urinary Na/K ratio reflected only the 
changes in urinary Na+ excretion. The Na/K ratio was slightly 
lower in the N S  than in S groups, but differences were not 
statistically significant. 

Chloride excretion in urine was higher in baseline specimens in 
groups I-IV than later during the study, but did not differ 
significantly between NS and S infants. The decrease of chloride 
excretion in N S  infants did not parallel the decrease in Na+ 
excretion. 

TBW A N D  EXTRACELLULAR FLUID (ECF) SPACE 

The age at which these measurements were performed was 
similar in groups II- V; in babies of group I TBW was determined 
twice at an older age than in the other groups (Table 4). Baseline 
values for TBW were lower in group II than in the S groups for 
unknown reasons. Total body water showed no significant trend 
related to either different feed volume or different sodium intakes. 
It also did not show any specific increase in group V infants (Fig. 
4). Measurements of extracellular volume showed lower values in 
the third study specimen compared to the first in all four groups; 
however, differences between baseline and final means were not 
statistically significant. All values for TBW and ECF volume were 
within the mean lt,2 SEM of Cassady's data (3, 4) for newborn 
infants (Fig. 4). In one infant of group IV, onset of cardiac failure 
due to a patent ductus arteriosus was clearly associated with 
expansion of the ECV. After successful treatment of cardiac 
failure the ECV reverted to the normal range. 

DISCUSSION 

The milk obtained by the young of marsupials is adapted to the 
varying growth requirements with increasing gestational age (18). 
Unfortunately, formulas available for the prematurely born 
human are not so adapted as has recently been pointed out by 
Shaw (19). To extrapolate from the requirements of full term 
newborns is probably inappropriate since the composition of 
formulas based on breast milk fails to take into account the 
relatively large quantities of minerals acquired by the fetus during 
the last trimester in utero. The discrepancy between mineral in- 
take from commercially available formulas and requirements of 
VLBW infants have been emphasized recently by O'Donnell 
et al. (17). We agree with their statement that postnatal growth 
of VLBW infants should be similar to that in utero during the 
last trimester and have shown that this can be accomplished 
(24). From hypothetical considerations (17) and the results of our 
own and other studies (7, 13), we believe that mineral retention 
rates should parallel those in utero (20). 
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Table 3. Urinary excretion data for each collection period expressed according to kilogram of body weight (mean * SEM)' 

Group C Volume, rnl Na, mEq K, mEq Na/K CI, mEq 

V 1 78.1 + 4.2 (8) 1.12 + 0.18(8) 1.27 + 0.15 (8) 0.91 i 0.16(8) 0.88 + 0.1 1 (7) 
2 88.6 * 4.1 (5) 1.09 i 0.13(5) 1.50 * 0.15 (5) 0.75 + 0.11 (5) 0.98 i 0.16 (4) 
3 58.5 + 8.5 (5) 0.54 + 0.13 (5) 1.39 + 0.19 (5) 0.40 i 0.09 (5) 0.78 + 0.25 (5) 

' C: collection period; numbers within parentheses = n .  

COLLECTION 

Fig. 2. Urine volume excretion (in milliliters per kg per 24 hr). 
Comparison between "high volume" (200 ml/kg/24 hr) &8 and 'hormal 
volume" (150 ml/kg/24 hr) feeds. Vertical bars indicate mean * 
SEM. 

The results of this study show that by feeding a formula 
simulating human milk and designed for full term infants such 
acquisition rates of Na+  cannot be achieved and hyponatremia 
may develop. However, by increasing the sodium intake tem- 
porarily to 3 rnEq/kg/24 hr, hyponatremia is prevented. 

Although in the present study clinical symptoms, such as apnea 
and convulsions, did not correlate with the severity of hypona- 
tremia, we considered it prudent to give additional Na+  to any 
infant whose plasma Na+  was less than 125 mEq/liter in view of 
our previous demonstration of reduced growth rates (24). 

Very low birthweight infants have mean plasma N a +  concentra- 
tions of 140 mEq/liter a t  birth (1, 8). Plasma Na+ levels 
subsequently decline to a mean of 130 mEq/liter (8, 22, present 
study). 

The N a +  requirements of the VLBW infant are higher than for 
the full term infant for the following possible reasons. Firstly, the 
rate of accumulation of Na+  in the body is proportionately and 
absolutely higher early during the third trimester than at  term (19, 
23). Secondly, Na+  necessarily coprecipitates with calcium in bone 
during the process of calcification, probably contributing to the 
higher N a +  requirements. Finally, there is an apparent obligatory 

COLLECTION 

Fig. 3. Urinary Na+ excretion (in milliequivalents per 24 hr). Compari- 
son between non-Na-supplemented (NS) H and Na-supplemented 
infants. Vertical bars indicate mean + SEM. 

N a +  loss in the urine in the early postnatal period in VLBW infants 
(8, 22). In the present study losses of Na+ in the urine averaged 1.2 
rnEq/kg/24 hr by the third week of life so that when losses in stool 
and through the skin are taken into consideration, a N a +  deficit 
develops by the age of 2-3 weeks. Honour et al. ( I  I)  showed a 
relatively high urinary output of Na+  coexistent with hypona- 
tremia in VLBW twins during the second week of life. These 
infants were able to reduce urinary N a t  excretion during the 
subsequent 4 weeks. High volume feeds in some infants apparently 
produced only increased urinary water excretion without concomi- 
tantly increasing urinary N a +  output. 

We  have shown that the ability to retain N a +  improves with 
postnatal rather than postconceptional age. This finding is in 
agreement with the concept of Nash and Edelmann (16) that renal 
function matures in response to  a stimulus, in this case, hypona- 
tremia. Steichen and Kleinman (21) found that increased dietary 
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Table 4. Body fluid spaces (in milliliters per kilogram of body weight) (mean * SEM)' 

Average age, Body weight, 
Group Period days kg TBW ECV 

111 I 19 
2 30 
3 41 

' TBW: total body water; ECV: extracellular fluid volume. Numbers within parentheses = n. 

VOL (I) VOL (I) 

VOL (I) VOL (I) 

WEIGHT (kg) 

Fig. 4. Total body water (antipyrine space) and extracellular volume 
(bromide space) for groups I I V .  Shaded areas indicate mean * SEM of 
Cassady's data (3, 4). 

salt intake improved the response of the kidney of newborn 
puppies to  an acute salt stress, but did not affect other matura- 
tional functions in their animals. 

Factors involved in the relatively high renal losses of N a +  in the 
premature infant after birth have been reviewed by Metcoff (15). 
We  have been unable to clarify the role of the renin-angiotensin- 
aldosterone system in this phenomenon in our study infants. The 
decreased N a + / K +  ratio in the urine is due almost entirely to a 
decreased urinary content of N a f ,  since the urinary K +  excretion 
rises only slightly, if at  all, despite a constant rather high plasma 
K +  in N S  infants. This finding suggests that maturation of the 

aldosterone response to hyponatremia is present in VLBW infants, 
an aspect which is discussed in the preceding paper (8). 

The immediate response of plasma Na+  concentrations to  
increased N a +  intake showed that the late hyponatremia of the 
VLBW infant can be readily corrected and that the dietary N a +  
requirement of these infants is higher than the presumed intrauter- 
ine accretion rates. The formulas used for feeding VLBW infants 
contain less N a +  than necessary for their growth because their 
electrolyte content is adjusted to the requirements of the full term 
infant and to the composition of human milk (12). 

Of potential adverse effects of supplemental Na+  administration 
we have excluded expansion of TBW and ECV, because in S 
infants, there was neither deviation from normal nor change with 
supplementation. The hyponatremia in N S  infants was not a 
dilutional phenomenon since hyponatremic episodes were not 
associated with expansion of ECV. There was also no inappropri- 
ate weight gain or increase in skinfold thickness indicating edema 
during the episodes of hyponatremia in N S  infants. 

The role of dietary N a +  in potentiating any tendency to future 
development of hypertension is still in question (6). We recom- 
mend small doses of Na+  distributed throughout the day at  the end 
of each feed or mixed with feeds so that the osmotic load of the 
added N a +  does not become an adverse factor. Our  recommenda- 
tions for increased N a +  intake are for infants of birthweight < 
1.3 kg a t  a time of high urinary N a +  excretion and become 
unnecessary for such infants of postnatal age greater than 45 days 
or body weight greater than 1,500 g, about which time sodium 
retention improves, presumably because of maturing renal func- 
tion. 

SUMMARY 

Hyponatremia (plasma Na+  < 130 mEq/liter) was found in 
approximately one-third of "healthy" VLBW infants (< 1.3 kg 
birthweight) fed formulas providing less than 2 mEq/kg/24 hr of 
N a +  between the second and sixth week of life. This hyponatremia 
can be corrected and adequate sodium retention achieved by 
supplementing the formula to provide a total daily sodium intake 
of 3 mEq/kg until the postnatal age of 6-7 weeks. 

The major factor causing inadequate Na+  retention is high 
urinary N a +  loss relative to plasma N a +  levels, probably because 
of immature renal function. There was no significant dilutional 
effect contributing to the hyponatremia. 



SPERMIDINE AND SPERMINE IN CF 53 1 

REFERENCES AND NOTES 

I. Acharya, P. T., and Payne, W. W.: Blood chemistry of normal full-term infants 
in the first 48 hours of life. Arch. Dis. Childhood, 40: 430 (1965). 

2. Albert, M.  S., and Winters, R. W.: Acid-base equilibrium of blood in normal 
infants. Pediatrics, 37: 728 (1966). 

3. Cassady, G.: Bromide space studies in infants of low birth weight. Pediat. Res., 4: 
14 (1970). 

4. Cassady, G., and Milstead, R. R.: Antipyrine space studies and cell water 
estimates in infants of low birth weight. Pediat. Res., 5: 673 (1971). 

5. Cotlove, E.: Determination of chloride in biological materials. In: D. Click: 
Methods of Biochemical Analysis, Vol. XII, p. 277 (Interscience Publishers, 
John Wiley & Sons, New York, 1964). 

6. Dahl, L. K.: Salt and hypertension. Amer. J .  Clin. Nutr., 25: 231 (1972). 
7. Day, G. M., Chance, G. W., Radde, I. C., Reilly, B. J., Park, E., and Sheepers, 

J.: Growth and mineral metabolism in very low birth weight infants. 11. Effects 
of calcium supplementation on growth and divalent cations. Pediat. Res., 9: 
568 (1975). 

8. Day, G .  M., Radde, I. C., Balfe, J. W.. and Chance, G. W.: Electrolyte 
abnormalities in very low birth weight (VLBW) infants. Pediat. Res., 10: 522 
(1976). 

9. Dubowitz, L. M. S., Dubowitz, V., and Goldberg, C.: Clinical assessment of 
gestational age in the newborn infant. J .  Pediat., 77: 1 (1970). 

10. Hill, D. E., and Hancock, R. G.  V.: The measurement of extracellular fluid 
volume by neutron activation of bromide. Slowpoke Nuclear Reactor at the 
University of Toronto, Annual Report. August 1974. 

11. Honour, J .  W.. Shackleton, C.  H. L., and Valman, H. B.: Sodium homeostasis in 
preterm infants. Lancet. ii: 1147 (1974). 

12. Macy, I. G., Kelly. H. J . ,  and Sloan, R. E.: The composition of milks: A 
compilation of the comparative composition and properties of human, cow, and 
goat milk, colostrum, and transitional milk. (Publication No. 254, National 
Academy of Sciences-National Research Council, Washington, D.C., 1953). 

13. Mclntosh. N., Shaw, J. C. L., and Taghizadeh, A,: Direct evidence for calcium 
and trace mineral deficits in the skeleton of preterm infants. Pediat. Res., 8: 896 
(1974). 

14. Mendelsohn, D., and Levin, N.  W.: A colorimetric micromethod for the 
estimation of antipyrine in plasma or serum. S. Afr. J .  Med. Sci., 25: 13 (1960). 

15. Metcoff, J.: Synchrony of organ development contributing to water and 
electrolyte regulation in early life. Clin. Nephrol., 1: 107 (1973). 

16. Nash, M.  A., and Edelmann, C.  M. Jr.: The developing kidney. Immature 
function or inappropriate standard? Nephron, 11: 71 (1973). 

O'Donnell, A. M., Ziegler, E. E., and Fomon, S. J.: Ingestas recomendadas de 
nutrientes para prematuros en crecimiento. Arch. Argent. Pediat.. 72: 126 
(1974). 

Sharman, G. B.: Adaptation of marsupial pouch young for extrauterine existence. 
In: C. R. Austin: Mammalian Fetus in Vitro, p. 67 (Chapman & Hall, London, 
1973). 

Shaw, J .  C. L.: Parenteral nutrition in the management of sick low birth weight 
infants. Pediat. Clin. N. Amer., 20: 333 (1973). 

Shaw, J .  C .  L.: Malnutrition in premature infants. Proc. Nutr. Soc., 33: 103 
( 1974). 

Steichen, J .  J., and Kleinman. L. I.: Influence of dietary sodium intake on renal 
maturation in unanesthetized canine puppies. Proc. Sac. Exp. Biol. Med., 148: 
748 (1975). 

Sulyok, E.: The relationship between electrolyte and acid-base balance in the 
premature infant during early postnatal life. Biol. Neonate, 17: 227 (1971). 

Widdowson, E. M.: The fetus and neonate. In: N. S. Assali: Biology of Gestation, 
Val. 11, p. 19 (Academic Press, New York, 1968). 

Willis, D. M., Roy, N.  R., Chance, G. W., Ackerman, I., Park, E., and Radde, I. 
C.: Growth of very low birth weight (VLBW) infants: Effects of acidosis, 
caloric intake and hyponatremia. Pediat. Res., 8:452 (1974). 

Air Shields (Canada), Ltd., 22 Lepage Court, Downsview, Ontario. 
SMA-S26, Wyeth Ltd.. 4455 Chesswood Drive, P. 0. Box 10, Downsview, 461, 

Ontario. 
Ampicillin, 200 mg/kg/24 hr iv, supplying 0.66 mEq/kg/24 br of Na+. Genta- 

micin, 3 mg/kg/24 hr im, supplying 0.02 mEq/kg/24 hr of N a t .  
We are particularly grateful to Miss A. Zitman, R.N., and Miss A. Turner, 

R.N., for their assistance in conducting and supervising specimen collect~ons 
and body size measurements: to the nursing staff of the Neonatology Unit and 
the staff of the Formula Room. Hospital for Sick Children, for their help and 
interest in the study. We also wish to acknowledge the collaboration of the 
Medical Staff, Hospital for Sick Children, in permitting their patients to be 
studied. We thank Mr. J .  Fabenyi, R.T.. B.Agr., for skilful technical 
assistance. We are grateful to Dr. 3. Silverio and Wyeth Ltd. for thelr generous 
supply of formula used. 

This study was supported in part by the Medical Research Council, Canada 
(Grant MA 4635). 

Requests for reprints should be addressed to: I. C. Radde, M.D.. Research 
Institute. The Hospital for Sick Children, 555 University Ave., Toronto, 
Ontario M5G 1 x 8  (Canada). 

Accepted for publication December 18, 1975. 

Copyright O 1976 International Pediatric Research Foundation, Inc. Printed in U.S.A. 

Pediat. Res. 10: 531-535 (1976) Cystic fibrosis spermidine 
fibroblasts spermine 
polyamines 

The Effect of Spermidine and Spermine on 
Proliferation in Vitro of Fibroblasts from Normal 

and Cystic Fibrosis Patients 

W I L L I A M  A .  GAHL, J A M E S  E. CHANGUS.  A N D  H E N R Y  C. PITOTN3' 

Departments of Oncology and Patho/ogy, University of Wisconsin School of Medicine, Madison, Wisconsin, USA 

Extract 

The effects of spermidine and spermine at varying concentrations 
upon the replicative ability of  human fibroblasts in cell culture have 
been studied. The average concentrations of spermidine causing a 
50% inhibition of proliferation (ID,,) after 3 days of growth for 
three normal cell strains and three strains derived from patients with 
cystic fibrosis ( CF) were 4.4 x 10- 1.2 M and 6.2 x 10- a 2.1 
M, respectively. The values for spermine were 2.0 x 0.5 M 
for normal and 2.2 x 0.1 M for fibroblasts from cystic 
fibrosis patients. No  significant difference between the replicative 
ability of normal and CF cell strains was seen over a wide range 

of polyamine concentrations employed for a period of up to 3 
days. 

Speculation 

This work shows no difference in the replicative ability of 
fibroblasts obtained from normal or CF patients when exposed to 
spermidine or spermine. We cannot relate the results of this study to 
recent reports of increased blood cell polyamine levels in cystic 
fibrosis, but examination of cellular uptake and metabolism of 
polyamines may allow us to do so in the future. 
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