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pine oxidoreductase. The deficiencies were confirmed in skin 
fibroblasts from two siblings with the disease and a third patient 
from an unrelated family. 
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Extract 

The present report outlines an attempt to characterize inorganic 
phosphate uptake by human jejunal mucosa using biopsy material 
obtained from six patients affected by the X-linked form of vitamin 
D-resistant rickets and six control subjects. 

The tissue from control subjects accumulated 3ZP actively in a 
linear fashion against time. The incorporation of inorganic phos- 
phate into organophosphate derivatives is rapid and equilibrates 
after 10 min at an inorganic over total phosphate ratio of 0.45. 
Concentrative uptake and incorporation were both suppressed by 

anaerobiosis or cyanide. Rates of phosphate uptake and incorpora- 
tion into the organic derivatives by the tissue of hypophosphatemic 
patients are comparable with normal values. 

Saturation kinetics observed over a wide range of substrate 
concentrations (0.003 to 3 m M )  elicits only one transport system 
with an apparent Michaelis constant of 0.2 m M  and a maximum 
velocity of 0.7 mmollliterl40 min. The kinetic data obtained from 
the patients do not strikingly differ from the control values. The 
chemical analysis of the phosphate content of intestinal mucosa 
from two patients and two control subjects indicates that the tissue 
is not specifically phosphate-depleted in the mutant individuals. 
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These results are in accordance with the positive results obtained 
with the oral replacement therapy in familial hypophosphatemia. 

Speculation 

The mutation causing X-linked hypophosphatemic rickets affects 
the capacity of epithelial cells to transport inorganic phosphate. 
Although this has been clearly demonstrated in the kidney, the 
involvement of intestinal cells is a matter of debate. The present 
report does not answer that question definitely but suggests that a 
primary intestinal transport abnormality is not part of the basic 
defect underlying the familial hypophosphatemic rickets ( X L H )  
phenotype. Other approaches using human tissues or animal models 
may allow a more precise evaluation of the cellular events regulating 
the transepithelial transfer of phosphate. 

Familial hypophosphatemic rickets, one of the several forms of 
vitamin D-resistant rickets, is a condition in which the conserva- 
tion of phosphate is severely impaired. The mutation is transmitted 
as an X-linked dominant trait and its hallmarks are a low plasma 
inorganic phosphorus (P,)  bone changes as observed in vitamin D 
deficiency, and severe growth failure. Since its first clinical 
description by Albright in 1937 ( I ) ,  the theories to account for the 
phenotypic expression of this mutation have evolved along two 
main lines. The first favored a primary defect in vitamin D 
metabolism, which would cause impaired calcium absorption by 
the gut, and secondary hyperparathyroidism (4). The latter, 
through its well known hyperphosphaturic effect, would generate 
chronic hypophosphatemia. This theory has lost most of its - .  . . 
support by the demonstration that serum levels of immunoreac- 
tive parathyroid hormone in this condition are normal (2, I I )  o r  
slightly elevated, but well below the range of proved hyperparathy- 
roidism (25). I n  addition, neither vitamin D itself nor any of its 
presently isolated metabolites are able to correct the hypophos- 
phatemia in a sustained fashion (5, 16). Therefore, attention was 
focused on the alternate theory that the mutation affects primarily 
the reclamation of phosphate by the renal tubular cells. I n  favor of 
this view is the recent demonstration that a parathyroid hormone 
(PTH)-sensitive component of phosphate transport is defective in 
the kidneys of mutant individuals (13). The phenotype is fully 
expressed in the male and variably so in the female patients, as is 
expected in the case of an X-linked dominant trait. 

Whether other cells and organs are also affected, by the 
mutation, as in other inborn errors of transport (26), has been the 
subject of several studies. The erythrocyte membrane does not 
seem to transport inorganic phosphate actively (6). Even though 
some facilitated diffusion does occur, no difference could be 
elicited between cells from normal and mutant individuals (29). 
Jejunal mucosa also attracted attention because of its functional 
similarity to the renal tubular cells and the reported increased 
amounts of phosphate in stools of XLH patients (9, 27). Condon et 
al. (8) have suggested a defect of phosphate intestinal absorption in 
familial and nonfamilial hypophosphatemia. Their argument is - .  . . 
based on an elevation of plasma P, ,  lower in the patients than in the 
normal individuals, after a single oral dose of 1.5 g phosphorus. 
However, their protocol cannot eliminate the possibility that 
inorganic phosphate is distributed more rapidly in the various 
phosphate pools in the chronically depleted organisms. More- 
over, their hypothesis is not supported by two clinical observa- 
tions. The first, by Gunther er al. (19), established that in one case 
of XLH,  oral radioactive phosphorus was practically completely 
absorbed unless given with food. The second, reported by Ger- 
beaux-Balsan (12), indicates that in X L H  patients under various 
dietary conditions a primary defect in intestinal phosphorus ab- 
sorption is not part of the X L H  phenotype. 

The in vitro study of P ,  absorption by intestinal mucosa has been 
extensively studied in the rat and in the chick. I n  the mammal, with 
an everted gut sac model, Harrison and Harrison (21) established 
that phosphate transport occurred against the electrochemical 

gradient requiring energy; that it needed calcium to be present in 
the bathing solution; and that it was enhanced by prior treatment 
of the animal with vitamin D. The latter effect was thought to be 
indirect by vitamin D, making calcium available to the appropriate 
site of the phosphate transport system. However. Kowarski and 
Schachter (24) suggested that vitamin D affected phosphate 
transport directly since it influenced it more effectively in the 
jejunum, whereas its effect on calcium transport takes place 
mainly in the duodenum. Recently, Chen et al. (7) reported that 
phosphate transport by rat jejunal mucosa was enhanced by 
Icu.25-dihydroxycholecalciferol, the kidney-produced active form 
of vitamin D, but was not influenced by the calcium concentration 
in the medium. 

In  the intact chick, Hurwitz and Bar (23) observed the same 
segmental selectivity for calcium and phosphate absorption re- 
ported in the rat (24), favoring the fact that phosphate uptake is 
independent of the movements of the calcium ion. Wasserman and 
Taylor (31), by the in situ ligated loop technique in the chick, 
reached the same conclusions and presented the view that P ,  
uptake from the gut lumen is a saturable function and that release 
of P ,  from tissue to blood is a rate-limiting step. 

The first report on P ,  uptake in vitro by human tissue was made 
by Short et a / .  (27) using biopsy specimens ofjejunal mucosa. They 
concluded that under their experimental conditions phosphate 
uptake was mediated by a t  least two systems, and suggested that 
one of them could be inactivated by the X L H  mutation. The 
present report outlines our own attempt to characterize P,  uptake 
by human jejunal mucosa obtained from X L H  mutants and 
control subjects using a similar in virro system. 

MATERIALS AND METHODS 

SUBJECTS 

Five children (two male, three female) and one adult female 
were selected for the study. They all exhibited a history of ricketic 
bone alterations and severe growth failure. None of the patients 
had active rickets at the time of the study. Renal tubular 
reabsorption of phosphate was depressed. Their biochemical 
phenotypes are summarized in Table I. Levels of immunoreactive 
parathyroid hormone ( iPTH)  were within the normal range for the 
antiserum used (except for parienr 5) .  They all had a poor o r  
negative phosphaturic response to intravenous purified bovine 
PTH (32). Patient 5 refused the test. Five of the subjects had 
received large doses of vitamin D which was stopped 5 weeks 
before the study. However, their pool of circulating 25-hydroxy- 
cholecalciferol was still significantly enlarged. None had received 
oral phosphate supplementation before the study except patient 5, 
who had been given erratic phosphate supplementation with poor 
follow-up. As expected, he developed severe secondary hyperpara- 
thyroidism with bone changes. Phosphate intake had been stopped 
2 months before the biopsy. 

Six adult normal volunteers constituted the control group. For 
ethical reasons no subject under 15 years of age could be included 
in this group. Informed consent before the procedures was 
obtained from all subjects or  their parents. 

ANALYTIC METHODS 

Serum calcium and phosphorus were determined by Technicon 
AutoAnalyzer methods. Tubular reabsorption of phosphorus 
based on the creatinine clearance was measured in the morning on 
a 3-hr urine collection. Circulating iPTH was evaluated by radio- 
immunoassay by Dr. Claude Arnaud and in this laboratory using 
antisera (GP  I M and C H  12M) directed against the carboxy-ter- 
minal end of the P T H  molecule. This type of antiserum is thought 
to be the most appropriate to diagnose a status of hyperparathy- 
roidism (3). Circulating 25-hydroxycholecalciferol (25-HCC) was 
measured by a modification of the radioligand assay published by 
Haddad and Chyu (20). 
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Table I. Biochenzical phetzorype of selected parienrs 
- -- 

Serum 

Calcium, Ph2 iPTH,3 25-HCC," TRP,' PTH6 
Patients1 Age Sex mgldl mgldl ng/ml ng/ml % infusion 

Pafients 1, 2 ,  and 3 are siblings. 
P,: inorganic phosphate. All values below 2.5 SD for age and sex according to the data of Greenberg el a / .  (18). 
iPTH: immunoreactive parathyroid hormone. Radioimmunoassay with GP IM and CH 12M antisera, normal range <50 ng/ml. 
' 25-HCC: 25-hydroxycholecalciferol. Normal values 30 + 9 ng/ml (mean + 1 SD). 

TRP: tubular reabsorption of phosphate. 
clearancepi/clearanceereatInIne post-PTH PTH: parathyroid hormone. Index expressed as . Control subjects have values > 1.5. 
~ l e a r a n c e ~ ~ / c l e a r a n c e ~ ~ ~ ~ ~ ~ ~ , , , ~  pre-PTH 

The response to intravenous bovine PTH was assessed a s  ganic phosphate content of the tissue required a minimum of 10 mg 
previously described (13). material, four separate biopsies (two controls, 2 hypophos- 

phatemic rickets) were performed for that purpose. The tissue was 
IN VITRO STUDIES homogenized in 10% T C A  as above and the supernatant separated 

Peroral samples of jejunal mucosa were obtained with a capsule 
of Carey placed distal to the ligament of Treitz under fluoroscopic 
control. Samples, averaging 20 mg in weight, were rapidly cut into 
fragments of I 2  mg and kept at  4O in a phosphate-free medium 
(Tris, 27.5 mM;  CaC1,.2H20, 1.37 mM: M g S 0 4 . 7 H , 0 ,  1.25 
m M ;  KCI, 5 mM;  NaC1, 125 m M ;  pH 7.4) for 10-30 min. The 
medium was constantly gased with oxygen. Specimens were then 
incubated in individual flasks containing fresh medium and 
0 .003  3 mM inorganic phosphate as N a H , P 0 4 .  The marker was 
13YPlNaH,P0,  at  a concentration of 0.003 m M .  Total  incubation 
;oluhe was 2 ml/flask. A constant flow of oxygen was passed 
through the gas phase of each flask. After 10-40 rnin of incubation 
at 37" in a shaking water bath, the tissue was removed, rinsed in 
cold saline. gently blotted. and homogenized in I ml 10% 
trichloroacetic acid (TCA), at  4'. After centrifugation at  200,000 
x g m i n  in the cold, the supernatant was divided in two fractions: 
0.2 ml was dissolved in I ml N C S  and 9 ml Omnifluor for counting 
of the total 3'P content of the tissue: 0.5 ml was treated for 
extraction of the 3TP, present in the sample. T o  accurately measure 
the proportion of absorbed P ,  that had been incorporated in the 
organic phosphate derivatives during incubation, a method was 
selected that does not hydrolyze the labile phosphoric esters 
present in the tissue. In separate experiments labeled adenosine 
triphosphate ( [ Y - ~ T I A T P )  was diluted in phosphate-free incuba- 
tion medium, kept for 40 min at  37O, and then treated according to  
the method of Vestergaard-Bogind (30) for separation of acid-solu- 
ble organic and inorganic phosphorus. Only 0.8% of the total 
radioactivity was recovered in the inorganic phase, contrasting 
with the Lippman and Tuttle method, a s  modified by Short et al .  
(27), in which 83.7% of the tracer was present in the inorganic 
phase. The latter being therefore inadequate for measuring the 
incorporation of inorganic phosphorus, the former technique was 
used throughout the present study. The amount of radioactivity 
present in the incubation medium was assessed separately for each 
flask. All countings were performed in a Packard 3385 liquid 
scintillation spectrometer equipped with an automatic external 
standardization system. The tissue water space was determined by 
incubation of a tissue sample for 40 min in a medium containing 
["C]inulin a s  previously described (14). The isotope distribution 
ratio for total 3T and inorganic 3T was calculated as the ratio of 
radioactivity per ml cell water to radioactivity per ml incubation 
medium. 

into two fractions. For the first, 0.5 ml was added to a mixture of 
silicotungstate-molybdate and isobutanol-benzene and extracted 
by vigorous shaking (30). The upper phase was then mixed with 
ethanol-sulfuric acid, 2%,  and stannous chloride-sulfuric acid, 
0.4%. After storage in the dark for a t  least 15 min, the optical 
density was read on a spectrophotometer (Varian, model 365) at  
725 nm against distilled water for estimation of the inorganic 
phosphate concentration. The second fraction, 0.4 ml, was hydro- 
lyzed at  80° for 4 hr  and then treated as the first fraction for 
estimation of the total phosphate concentration. 

RESULTS 

When the time course of radioactive phosphate uptake by 
jejunal mucosa was measured, the tissue from control subjects 
accumulated the substrate actively in a linear fashion against time, 
reaching a maximal distribution ratio of 4.2 * 0.9 (mean * 1 SD). 
Equilibrium was not achieved after 40 min (Fig. I). The incubation 
was not carried beyond that limit since it was noticed that after 60 1 
min tissue damage caused a sharp decrease in its transport ability. 
The incorporation of the label in the acid-soluble organic phos- I 

phate pool was rapid and equilibrated after 10 min at an inorganic 
over total phosphate ratio ( P , / P , )  of 0.45. That  ratio was 
maintained during the whole incubation. Concentrative uptake 
(distribution ratio higher than 1) and incorporation into the 
organic pool were both suppressed by incubating the tissue under 

i 
nitrogen or  in the presence of cyanide. 

As already denoted by Short  et a / .  (27). we observed that 
phosphate uptake in jejunal mucosa biopsy specimens was in- 
versely proportional to tissue weight. The reason for this is 
probably that a larger sample comprises more tissue inactive in 
terms of transport, leading to an artifactual lowering of the 
distribution ratio. Therefore, only specimens weighing between I 
and 2 mg  were used in subsequent studies. 

The time course of 32P uptake by the tissue of hypophos- 
phatemic patients was measured in two individuals @atienrs 5 and 
6) (Fig. 2). That  tissue accumulated the substrate actively to reach 
an isotope distribution ratio of 5.0 * 0.5 after 40 min of 
incubation. The incorporation of P ,  into the organic derivatives 
was also comparable with normal values (P , /P ,  ratio: 0.45 & 0.09 
in controls; 0.46 * 0.05 in X L H  patients after 40 min of 
incubation). 

When phosphate uptake was examined over a wide range of 
As the chemical measurement of acid-soluble total and inor- substrate concentrations, saturation kinetics were observed.-The 
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Time (minutes) 

Fig. 1. Time course of uptake of radioactive total (32P,,,) and inorganic 
phosphate (32P,) by jejunal mucosa from six control subjects. Biopsies were 
incubated with 0.003 mM 32P, in Tris buffer (pH 7.4) at 37'. Means i 1 
SD are shown. The number of determinations is in parentheses. 

Time (minutes) 

Fig. 2. Time course of the total (a) and inorganic (0) phosphate uptake 
by jejunal mucosa samples from two hypophosphatemic patients (one 
male, one female). The hatched areas represent the "normal range" 
covered by the means i 1 SD of the values obtained from the control 
samples incubated in identical conditions, as depicted in Figure 1. 

da ta  plotted according to Lineweaver and Burk ( I / u  vs. I/S) fell 
along a single straight line with a correlation coefficient of 0.98 
(Fig. 3). We have not been able to  elicit the two transport systems 
with widely different affinity reported by Short  el al. (27). The  
regression lines calculated from our  da ta  artificially separated in 
two groups on either side of the reported break generated lines with 
similar slopes not different from the one calculated for the whole 
group. The  apparent Michaelis constant (K,,,) of the system was 
0.2 m M  and its maximum velocity was 0.7 mmol/liter/40 min. 

The kinetic data obtained in ou r  six patients d o  not'strikingly 
differ from those observed in control subjects (Fig. 4). At very 
low substrate concentration (0.003 m M )  the X L H  group even 
exhibited a rate of uptake significantly higher @ < 0.05) than 
control subjects. 

The chemical analysis of total and inorganic phosphate content 
of mucosa samples obtained separately from the transport studies 
are  shown in Table 2 .  There are not enough data for conclusive 
results, but there is indication that the X L H  jejunal mucosa is not 
specifically phosphate depleted and that the proportion of the 
TCA-soluble phosphate present in the inorganic form is similar, 
about 50%. to  the isotopic distribution observed during the 
transport experiments. 

DISCUSSION 

The present data confirm that the uptake of phosphate by 
human intestinal mucosa is an energy-dependent, concentrative 

process. Since anaerobic conditions or incubation with cyanide 
also abolish the incorporation of the tracer into the organic 
phosphate derivatives, it is suggested that this step is critical for the 
transfer process. Whether it is also energy dependent cannot be 
concluded from our data.  because the nonincorporation into the 
organic pool under the above mentioned conditions may only 
indicate that organification depends on the size of the pool of the 
accumulated P , .  

It is clear that any in virro model of a biologic function has its 
limitations and that extrapolation of its results to  what is actually 
taking place in vivo is hazardous. Such a problem had been raised 
concerning the use of kidney cortex slices to study the process of 
tubular reabsorption. Foulkes (10) demonstrated that ,  in slices, 
mostly basal membranes of epithelial cells were exposed to the 
surrounding medium and, therefore. the properties of the luminal 
cell membranes were not explored. Preliminary data  on renal 
phosphate handling both in vivo and in vitro in a strain of 
hypophosphatemic mice confirm this view (15). A similar situation 
may exist with the model used by Short  et a/ .  (27) and in the 

1 / S  ( m M )  

Fig. 3. Double reciprocal plot of total 32P transport by jejunal mucosa 
from control subjects. Biopsy specimens were incubated for 40 min with 
substrate concentrations (S) from 0.003-3 mM. To take into account the 
diffusion constant (14), the mediated velocity (u)  was calculated by 
subtracting I from the observed distribution ratios for 32P at each of the 
nine substrate concentrations studied. Means * 1 SD are shown. The 
number of determinations is in parentheses. The regression line calculated 
from the data is monophasic with a correlation coefficient of 0.98. From 
this line, the Michaelis constant is estimated to be 0.2 mM and the 
maximum velocity 0.7 mmol/liter/40 min. 

- - 
'c .- 
6 loo 
9: 

7 ,  80 
al - .- - . 60 
VI 
0 

40 
E 
E 
y 20 -. 
7 

Fig. 4. Lineweaver-Burk transformation of the kinetic data obtained 
from hypophosphatemic mucosa samples after 40 min of incubation. The 
hatched area represents the "normal range" as defined by the meari * I SD 
of control values (Fig. 3). Each symbol (a) represents the mean result of a 
duplicate analysis for one patient at a given substrate concentration. At 
substrate concentration (S) of 0.003 mM (I /S  = 333). the data from 
hypophosphatemic patients significantly differ from the control data @ < 
0.05. determined by Student's t-test). 
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Table 2. Tissue andserunz phosphate concentrations in normal and 
h~pophosphatemic ( X L H )  subjects' 

Tissue, crg/g wet wt 
Serum2 

Subjects pi3 pt3 p , /p t  Pi, mg/dl 

Control 
I 235 4 4.1 
2 159 363 0.44 3.1 

XLH 
I 135 4 2.2 
2 193 403 0.48 2.1 

- 

' All values are means of triplicate analysis. P,: inorganic phosphate; P,: 
total phosphate. 
' At the time of the biopsy. 

Inorganic and total phosphate content of the TCA-soluble tissue 
extract. 

VP, content unavailable. 

present study. I n  vivo transepithelial transfer of inorganic phos- 
phate involves uptake from the gut lumen, incorporation of the 
solute into labile phosphoesters, and release to blood (31). We  
cannot ascertain which step is predominant in our model but we 
have at  least demonstrated that it is energy dependent and involves 
the incorporation of P,  into the organic pool. Furthermore, it is not 
influenced by vitamin D, since there was no difference between the 
vitamin D-treated @atienrs 1-5) and the not treated (patietrt 6 and 
all the control subjects) groups. This last point is of interest 
because Wasserman and Taylor (31) have shown that the transfer 
from tissue to blood is the most sensitive step for vitamin D. It is 
therefore possible that in our model this latter step is not 
particularly active and that we are looking mainly at  the properties 
of the luminal cell membranes. Moreover, by analogy with the 
renal defect that can be evidenced in vitamin D-treated patients 
(13). it is unlikely that prior vitamin D therapy would conceal an 
intestinal abnormality. 

Taking into account these limitations, the main purpose of the 
present study was to try to further document the relative defect 
reported by Short  et al. (27) in at  least one XLH hemizygous 
patient. We found our data at  variance with their report, not only 
with regard to the characteristics of intestinal 3T uptake in 
patients, but also to uptake in control subjects. 

In the normal tissue, Short  et al. (27) obtained, after a 40-min 
incubation, an isotope distribution ratio higher than the one we 
achieved. Because of the wide standard deviation of their four 
determinations, the difference is probably unimportant. Compari-  
sons should also take into account that these authors only consider 
the inorganic phosphate uptake. However, since the extraction 
procedure they used hydrolyses the terminal phosphate group of 
AT?  (see Materials and Methods),  their P, distribution r ;~t io  
corresponds mostly to the total TCA-soluble phosphate taken up 
by the tissue and should be compared with our total phosphate 
distribution ratio. It is justified to  use the latter as an index of 
uptake, as our data show that the incorporation into the organo- 
phosphate derivatives is closely linked to the energy-dependent 
process. That the isotopic P , /P ,  ratio has some physiologic 
meaning is suggested by its similarity with the actual chemical 
P , / P ,  ratio measured separately in one control and one X L H  
patient (Table 2). 

One major discrepancy between the study of Short et a / .  (27) and 
the present study lies in the evaluation of the kinetics of phosphate 
uptake by jejunal mucosa from control subjects. We have not been 
able to reproduce the biphasic curve on which is based the proposal 
that phosphate uptake is mediated by two systems with widely 
different affinities. We could only elicit one transport system from 
our data  obtained at  nine different substrate concentrations. The 
Michaelis constant and the maximum velocity of this system are 

not strikingly different from those published by Short  er al. (27) for 
their "low-affinity system." No  trace of a "high-affinity system" 
was found. The possible role played by the difference in the buffers 
used in the incubation medium (bicarbonate in the study of Short  
et al. and Tris in the present study) has been ruled out by pre- 
liminary experiments in which we observed no difference in up- 
take by incubating in either solution. Moreover, the analogy made 
by Short  et a / .  (27) with the data previously obtained in the X L H  
kidney in vivo (13) has to take into account the limitations dis- 
cussed earlier. 

The kinetic analyses performed in the XLH patients also 
disagree with the suggestion that a "high affinity" transport 
system is lost in the mutant individuals (27). At very low substrate 
concentrations (S  = 0.003 m M )  the rate of uptake is even higher in 
the X L H  group, the difference being statistically significant @ < 
0.05). The fact that this may represent an adaptative process of 
phosphate-depleted organisms cannot be ruled out. Although 
genetic heterogeneity, so often reported in inherited metabolic 
disorders, may be invoked for explaining the differences between 
Short's (27) and the present report, the fact that data  obtained 
from control specimens are also at  variance makes it difficult to 
infer that it is the sole basis for explaining the discrepancy. 

It should also be pointed out that if the absence of a significant 
defect for phosphate transport in the X L H  jejunal mucosa agrees 
with some clinical reports (12. 19), it also verifies the positive 
results obtained with the oral replacement therapy in familial 
hypophosphatemia (17). The chemical estimations of the jejunal 
mucosa phosphate content reported in Table 2, although scarce, 
seem to indicate that the total and inorganic TCA-soluble 
phosphate pools are probably not significantly decreased in X L H  
intestinal cells. Whether the mutation affects the rate of exchanges 
among the various extra- and intracellular phosphate pools in a 
manner that could not be elicited in the model used in the present 
study will be the subject of subsequent investigations. 

SUMMARY 

X-linked hypophosphatemic rickets is caused by a mutation that 
affects the reclamation of phosphate by the renal tubular cells. The 
possibility that a similar defect could be expressed in the jejunum 
mucosal cells, as recently suggested (27). was investigated using 
peroral biopsy samples obtained from six hypophosphatemic 
patients and six control subjects. Specimens. weighing under 2 mg, 
were incubated for 5-40 min in Tris buffer, pH 7.4. with substrate 
concentrations from 0.003-3 m M .  Energy-dependent concentra- 
tive uptake was equally active in the two groups. Incorporation of 
inorganic phosphate into the labile phosphoesters was rapid and 
equilibrated at  an inorganic to total 3YP ratio of 0.5 in both groups. 
Only one mediated transport system for phosphate was present in 
normal subjects with a Michaelis constant - 0.2 m M  and a , 
maximum velocity - 0.7 mmol/liter/40 min. Similar kinetic data  
were obtained in the group of patients. If the X-linked mutation 
affects the capacity of the intestinal cells to transport phosphate, it 
does so in a way that cannot be touched upon with the in vitro 
model used in the present study. 
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Blood, cord and maternal hydrocarbons 
gas chromatography mass spectrometry 

The Transplacental Migration and Accumulation in 
Blood of Volatile Organic Constituents 

B. J .  DOWTY A N D  J .  L. LASETER'29 '  

University of New Orleans, Deparrmenr of Biological Sciences, New Orleans, Louisiana, U S A  

J .  STORER 

Charily Hospiral of Louisiana at New Orleans, New Orleans, Louisiana, U S A  

Extract 

Gas chromatographic-mass spectrometric analysis of profiles of 
low molecular weight volatile organic constituents obtained from 
cord blood and maternal blood samples collected at birth reflect 
transplacentally acquired compounds. The transplacental passage of 
halogenated hydrocarbons, plastic components, and abnormal accu- 
mulations of compounds have been demonstrated. I n  the 11 paired 
cord blood-maternal blood samples analyzed, the relative amounts 

of constituents in cord blood closely correspond to those quantities 
present in the maternal blood. However, some of the over 100 
components are present in the cord blood in significantly higher 
concentrations than in the maternal blood, suggesting a possible 
selective one-way transfer of certain constituents into the fetus. 
Benzene, carbon tetrachloride, and chloroform are present in 
quantities equal to or greater than in maternal blood. I n  one infant 
with a iumbosacral meningomyelocele abnormally high concentra- 
tions of acetone, other components, and the food preservative 
2,6-di-terr-butyl-4-methylphenol ( B H T )  were identified. 
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