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Abstract

Newborn infants have drug binding defects that share similar-
ities to those of uremic subjects. Since 2-hydroxybenzoylgly-
cine has been chemically defined to be a major drug binding
inhibitor in uremia, a search for the presence of a similar com-
pound in the sera of newborn infants was made.

An organic substance that has the characteristics of 2-hy-
droxybenzoylglycine as supported by the retardation factor
values on thin-layer chromatograms, retention times of high
performance liquid chromatograms, fluorescence emission
spectra, and mass spectrum has been demonstrated to be
present in the majority of the neonatal sera studied.

A strong positive correlation between the levels of the bind-
ing inhibitor and the extent of binding defects for nafcillin has
been observed. The substance could effectively reduce the total
bilirubin concentration when added to the cord sera specimens.
It is concluded that 2-hydroxybenzoylglycine plays an impor-
tant role in drug binding defects observed in the newborn, and
the inhibitor may also play a part in the precipitation of biliru-
bin-induced neurotoxicity in neonates when the substance is
abnormally elevated.

Introduction

Plasma protein binding of drugs is a reversible and rather
nonselective interaction between a small drug molecule and a
biological macromolecule, plasma protein. The binding pro-
cess is very sensitive to many surrounding factors and can
therefore be altered by the changes in such parameters, which
may include drug and protein concentration, temperature,
pH, the nature of the buffer used, and the presence of endoge-
nous substances. The presence of a number of pathophysio-
logical conditions has been associated with decreased protein
binding of many drugs. Patients with severe renal failure and
the newborn are two well-known groups with such binding
defects (1-5).

Newborn infants have drug binding defects that share some
similarities to those of uremic subjects in that both groups
have reduced binding of many acidic drugs and the binding
defects can be corrected by activated charcoal treatment at an
acidic pH (3, 5). Recently 2-hydroxybenzoylglycine has been
chemically defined to be a major drug binding inhibitor in
uremia, although the steps involved in the genesis of the sub-
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stance have not been elucidated (6). This study was under-
taken to search for the presence of a similar substance in sera
of neonates. This paper reports the findings that confirm the
presence of 2-hydroxybenzoylglycine in elevated levels in the
majority of neonatal sera studied. Its potential role in the new-
born as a drug binding inhibitor and as a potent bilirubin
displacing agent is discussed.

Methods

Chemicals. Chemicals were purchased from the following sources:
2-hydroxybenzoic acid from Fisher Scientific Co. (Pittsburgh, PA);
dicyclohexylcarbodiimide from Eastman Kodak Co. (Rochester, NY);
p-dioxane from Aldrich Chemical Co. (Milwaukee, WI); 5,5-diphenyl-
hydantoin, N-hydroxysuccinamide, and 2-hydroxybenzoylglycine
from Sigma Chemical Co. (St. Louis, MO); n-butyl chloride (glass
distilled) from Burdick & Jackson Chemical Co. (Muskegon, MI);
methylene chloride from Fisher Scientific Co.; and [*Clglycine from
New England Nuclear (Boston, MA). Nafcillin sodium was supplied by
Wyeth Laboratories (West Chester, PA).

Serum samples. Normal healthy volunteers were used to obtain
either pooled or individual serum specimens to be used as controls.
The umbilical cord serum specimens were obtained from the Immu-
nology Laboratory of Temple University Hospital; only the serum
specimens with nonreactive syphilis serology were used. The paired
maternal and cord blood specimens were obtained at the time of deliv-
ery. All blood specimens were obtained with informed consent. Serum
specimens were kept frozen at —20°C until use.

Protein binding measurements. Equilibrium dialysis as described
previously (7, 8) was used to determine the degree of protein binding.
The final concentration of nafcillin was 20 pg/ml. The dialysis was
performed at 4°C with pH adjusted to 7.4.

Preparation of the extract with drug binding inhibitor from cord
serum. Normal pooled human adult and cord sera were extracted with
methylene chloride similar to the method previously described (9). The
organic solvent extract prepared from a 5-ml serum sample was evapo-
rated to ~ 0.2-0.3 ml and used for thin-layer chromatography.

Thin-layer chromatography of extracts. Aliquots of normal adult or
cord serum extracts as described above were applied to silica gel 60
plates (E. Merck, Cherry Hill, NJ) and developed by ascending chro-
matography by the method previously described (6). Visualization of
the potential binding inhibitor was accomplished using an ultraviolet
(UV) light lamp as previously reported (6).

Chemical synthesis of ['*C12-hydroxybenzoylglycine. A modifica-
tion of the active ester method (10) was used to synthesize '“C-labeled
2-hydroxybenzoylglycine. The carbon atom of the carboxyl group of
the glycine moiety was isotope labeled. The purity of the final product
was tested by thin-layer chromatography as described above.

Identification of binding inhibitor by mass spectrometry. An area of
the thin-layer chromatogram corresponding to the location of the
binding inhibitor was scraped from the plate, eluted with methanol,
and the extract was filtered through sintered glass. The methanol was
evaporated to dryness, and 0.1 ml N-O-bis(trimethylsilyl)trifluoracet-
amide with 1% trimethylchlorsilane (Supelco, Inc., Bellefonte, PA) was
added to the residue. The vial was taken for analysis. A quadrupole
mass spectrometer (model 1050; Finnigan Corp., Sunnyvale, CA)
scanning from 40 to 400 atomic mass units in 1 s in the electron impact
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mode (70 eV) was used. Sample introduction was through a 2-m
X 2-mm Dexsil 300 column, programmed from 150° to 375°C at
30°C/min. The helium carrier (30 cm*/min) was removed via a jet
separator, and the enriched sample introduced into the mass spectrom-
eter ion source.

Quantitgtion of 2-hydroxybenzoylglycine by high performance lig-
uid chromatography. A quantitative method for determination of
2-hydroxybenzoylglycine in serum or buffer was developed using high
performance liquid chromatography.

The chromatographic equipment was constructed from commer-
cially available components. A Minipump sample delivery system,
6000 per square inch on the gauge (psig)' (Laboratory Data Control,
Riviera Beach, FL), and a UV/visible optical unit, type 6 (ISCO Inc.,
Lincoln, NE) were used with a universal sample injector, 7,000 psig
(Valco Instruments Co. Inc., Houston, TX), fitted with a 50-ul loop
(Alltech Assoc., Deerfield, IL). A reverse-phase column (Microsorb
C-18; Rainin Instrument Co., Inc., Ridgefield, NJ) was used. A UA-5
absorbance/fluorescence detector (ISCO Inc.) was used to record the
UV absorbance.

A solvent system consisting of acetic acid/water/methanol
(41:779:220, vol/vol/vol) was used with 2,100 psi pressure being ap-
plied. The flow rate was at 1.4 ml/min. Detection of 2-hydroxyben-
zoylglycine was made at 310 nm. The sample preparation was accom-
plished by an organic solvent extraction method. To 2.0-ml aliquots of
serum or buffer specimens containing 2-hydroxybenzoylglycine was
added 0.4 ml 5 N-HCI followed by addition of 7.5 ml methylene
chloride. After a brief mixing in a Vortex mixer, the specimens were
centrifuged for 5 min in a table top clinical centrifuge. The bottom
solvent layer was removed into another centrifuge tube, the top
aqueous layer was subjected to second extraction, and the organic
layers were pooled. The pooled solvent layer was brought to dryness
using a low temperature block heater (model 2090; Lab-Line Instru-
ments Inc., Melrose Park, IL). The specimen was reconstituted by
dissolving it in 60 ul of the mobile phase solvent and the equal volume
of internal standard (o-anisic acid in acetonitrile, 4 mg/dl). 50 ul of the
sample were introduced into the sample injector for quantitation.

A standard curve was generated by plotting the ratio of the height of
the 2-hydroxybenzoylglycine peak to that of the internal standard peak
against the established standard concentrations of the standard. Least-
square linear regression analysis was used to generate the curve and
calculate concentrations in the control and serum samples.

Assay procedures. Serum total protein and albumin concentrations
were determined by the methods of Gornall et al. (11) and Doumas et
al. (12), respectively. Free fatty acid levels and bilirubin concentration
were estimated by the procedures of Laurell and Tibbling (13) and
Roth (14), respectively. These assay procedures were done in duplicate,
and optical absorbance was measured in a spectrophotometer (Spec-
tronic 21; Bausch & Lomb Inc., Rochester, NY). Fluorometric assay
for nafcillin (15) was used. Radioactivity was measured in a small
aliquot of serum or buffer (50 ul) in 3 ml of Aquasol scintillation fluid
(New England Nuclear). A refrigeratable scintillation counter (model
LS-6800; Beckman Instruments, Inc., Irvine, CA) was used.

Results

Protein binding of nafcillin in cord serum. Protein binding
values were measured by equilibrium dialysis procedure as
described in Methods. The binding measurements were made
in both normal adult and cord serum specimens for compari-
son. The results obtained are summarized in Table 1. The
binding values of nafcillin in cord serum specimens are signifi-
cantly lower than those of normal adult serum samples.
Effect of n-butyl chloride extraction on protein binding.
Both normal adult and cord serum specimens were extracted

1. Abbreviation used in this paper: psig, per square inch on the gauge.
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Table I. Nafcillin Binding in Neonates Vs. Normal Adults

Nafcillin binding*
%
Normal pooled human serum 85.20+0.34
Neonatal serum 75.02+1.71%
Neonatal serum after extraction with n-butyl
chloride (pH 3.0) 83.57+1.34%
Neonatal serum dialyzed against human
serum albumin (48 h) 82.36+0.78%

* Values are means+SD and are derived from six different sera per
value.

# Values are statistically lower than normal adult values with P < 0.005.
§ Values are statistically greater than pretreatment values with

P < 0.005.

with n-butyl chloride as previously described (9) and the re-
sults shown in Table I were obtained. It has been well demon-
strated that the organic solvent extraction causes a significant
improvement in binding of nafcillin in cord specimens, and
the binding values are comparable with those of normal adult
serum specimens.

Thin-layer chromatography of methylene chloride extract.
While both #-butyl chloride and methylene chloride are capa-
ble of extracting 2-hydroxybenzoylglycine from serum speci-
mens, methylene chloride was shown to be the superior sol-
vent for the extraction purpose. In various serum specimens,
including normal adult human serum, the identical specimen,
spiked with authentic 2-hydroxybenzoylglycine and cord
serum specimens were extracted with methylene chloride at an
acidic pH at room temperature. The organic solvent layers
were used to detect the presence of 2-hydroxybenzoylglycine.
The organic solvent layers were brought to dryness, the residue
was redissolved in 0.2 ml methanol, and the alcohol solution
was used to perform thin-layer chromatography. The presence
of 2-hydroxybenzoylglycine was demonstrated using a short
wave (254 nm) UV light. The results shown in Fig. 1 were
obtained. The results demonstrated that a band that has a
similar retardation factor (Ry) value to that of 2-hydroxyben-
zoylglycine is present in cord serum specimen. Of the cord
specimens tested for the presence of 2-hydroxybenzoylglycine,

Figure 1. Thin-layer
chromatograms of
serum extracts. Lane 4,
extract of normal adult
serum; lane B, extract
of normal adult serum
spiked with 2-hydroxy-
benzoylglycine; lane C,
extract of cord serum;
lane D, purified fraction
containing the drug
binding inhibitor in
cord serum from lane
C:; and lane E, pure 2-
hydroxybenzoylglycine. Solvent system was petroleum ether/ether/
absolute ethyl alcohol/glacial acetic acid(24:6:7:2, vol/vol/vol/vol)
and detection was accomplished by visualization with shortwave
(254 nm) UV light.
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> 92% revealed the presence of such binding inhibitor, while
none of the normal adult serum specimens (50 volunteers)
tested showed similar results.

Seven to nine spots corresponding to that of known 2-hy-
droxybenzoylglycine in thin-layer chromatography plates were
scraped and pooled followed by an extraction with a small
amount of methanol. When the methanol solution was sub-
jected to a fluorescence spectrometry, the emission spectra
shown in Fig. 2 were obtained. It is identical to that of 2-hy-
droxybenzoylglycine.

Mass spectrum of binding inhibitor. The mass spectrum of
authentic bis-trimethylsilyl N-(2-hydroxybenzoyl) glycine is
shown in Fig. 3 4. A weak molecular ion at m/z 339, loss of
methyl (m/z 324), benzoyl cleavage (m/z 193), and m/z 206
are prominent features of the spectrum. Fig. 3 B shows the
mass spectrum of the major gas chromatographic peak. The
retention times of authentic sample and unknown were iden-
tical (3.9 min). It contains all of the key ions found in bis-tri-
methylsilyl N-(2-hydroxybenzoyl) glycine. It also has a promi-
nent m/z 100; however, ion chromatograms of m/z 100 vs.
193, 206, and 339 clearly show that two chromatographic
peaks are present which are incompletely resolved. A com-
puter-assisted search routine based on a 42222 index library
found the greatest similarity of fit between the unknown and
bis-trimethylsilyl N-(2-hydroxybenzoyl) glycine.

Quantitation of 2-hydroxybenzoylglycine. A high perfor-
mance liquid chromatography was used to develop a method
to quantitate the levels of 2-hydroxybenzoylglycine. The pro-
cedure is described in detail in the Methods section. Typical
chromatograms of the internal standard and 2-hydroxyben-
zoylglycine extracted from serum are shown Fig. 4. The reten-
tion times for the internal standard and 2-hydroxybenzoylgly-
cine were 10.3 and 7.9 min, respectively. A standard curve
generated according to the method above is shown in Fig. 5.
Extraction efficiency was investigated using ['“C]2-
hydroxybenzoylglycine in concentration ranges from 0 to 5.5
peM. The recovery rate was 49-52%. The correlation coeffi-
cients for the high performance liquid chromatography stan-
dard curves ranged from 0.997 to 1.000.

The stability of 2-hydroxybenzoylglycine to various tem-
peratures was studied by subjecting serum specimens contain-
ing the binding inhibitor to freezing, thawing, and incubation
at room temperature for several hours. These conditions
showed little effect on the levels of 2-hydroxybenzoylglycine.

The cord serum extracts, 33 of 39 specimens tested, re-
vealed the presence of a substance that has a similar R; (0.43)
value to that of 2-hydroxybenzoylglycine, while none of over
50 normal specimens showed similar findings. When quanti-
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2 emission spectra of the
£3 a0 drug binding inhibitor
g§ 30 from cord serum. The
gd spectra were measured in
ns 20 methanol. Excitation was
10 at 305 nm. Curve A, puri-
, , . , , - fied drug binding inhibitor;
0"350 300 450 500 550 600 curve B, authentic 2-hy-
WAVELENGTH IN NANOMETERS droxybenzoylglycine.

tated by the high performance liquid chromatography, the
levels of 2-hydroxybenzoylglycine in the cord serum speci-
mens ranged from 0 to 6.15 uM, while the levels in maternal
serum specimens ranged from 0 to 3.08 pM. When paired
maternal and cord serum specimens were studied for more
direct comparison, the levels of the binding inhibitor were
demonstrated to be higher in the cord specimens in the major-
ity of the cases (P < 0.05). These results are summarized in
Table II.

Correlation between the levels of 2-hydroxybenzoylglycine
and nafcillin binding. To investigate the effect of 2-hydroxy-
benzoylglycine on serum protein binding of nafcillin, the cor-
relation between the levels of 2-hydroxybenzoylglycine and
the extent of binding defects of nafcillin was studied. The levels
of 2-hydroxybenzoylglycine were measured by the high perfor-
mance liquid chromatography as described above and protein
binding of nafcillin was estimated by equilibrium dialysis. The
binding studies were performed in triplicate in cord serum and
normal adult serum specimens as well. The results are pre-
sented in Fig. 6. There is a strong positive correlation between
the levels of 2-hydroxybenzoylglycine and the extent of bind-
ing defect of nafcillin. Addition of increasing amounts of
2-hydroxybenzoylglycine to normal adult sera caused a con-
comitant reduced binding of nafcillin. The extent of binding
defects induced closely paralleled the values observed in neo-
natal sera when the levels of 2-hydroxybenzoylglycine were
taken into consideration.

Levels of albumin, free fatty acids, and bilirubin. The con-
centration ranges for albumin, free fatty acids, and bilirubin in
the cord serum specimens studied were 3.05 to 4.0 g/dl, 425 to
535 peq/liter, and 1.8 to 8.6 mg/dl, respectively. The methods
used were as those described in the Methods section.

Effect of 2-hydroxybenzoyiglycine on total bilirubin con-
centration in cord sera. A batch of pooled cord serum was used
as the source of serum containing elevated levels of total serum
bilirubin. The effects of several chemical agents including sali-
cylate, aspirin, sulfisoxazole, nafcillin, and 2-hydroxyben-
zoylglycine on the levels of total bilirubin were investigated by
adding the agents to serum followed by centrifugation in se-
mipermeable cones. The pH of serum pool containing poten-
tial bilirubin displacing agent was adjusted to 7.4 and 0.5-ml
aliquots were used for centrifugation for 5 min. The procedure
used was basically that of Singhvi et al. (16). Membrane ultra-
filtration cones (CF50A CentriFlo; Amicon Corp., Lexington,
MA) were used. The total bilirubin levels were measured be-
fore and after the centrifugation. The controls were cord serum
specimens treated with same way without the displacing agent.
The difference in total bilirubin levels before and after the
centrifugation was used as the measure of bilirubin displaced.
The results are summarized in Table III. The binding inhibi-
tor, 2-hydroxybenzoylglycine was shown to be the most effec-
tive displacing agent among the agents tested.

Discussion

It has been well documented that the newborn has a decreased
plasma protein binding for many drugs (4, 5, 17). Such defec-
tive drug binding appears to be due not only to the reduced
protein concentration at the time of birth but also to the pres-
ence of several other factors that have been proposed as the
possible explanations. These include (a) a qualitative differ-
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Figure 3. Electron impact
mass spectra of bis-tri-
methylsilyl derivatives of
the drug binding inhibitor
from cord serum and au-
thentic 2-hydroxyben-
zoylglycine. (4) Bis-tri-
methylsilyl derivative of
authentic 2-hydroxyben-
zoylglycine; (B) bis-tri-
methylsilyl derivative of
the drug binding inhibitor
from cord serum. Bis-tri-
methylsilyl derivatives
were prepared as de-
scribed in Methods. A
1050 quadrupole mass
spectrometer (Finnigan
Corp.) scanning from 40
to 400 atomic mass units
in 1 s in the electron im-

M2

ence in albumin structure (18, 19), () high concentrations of
endogenous metabolic products such as bilirubin and free fatty
acids (20-22), (c) presence of other unknown endogenous
binding inhibitor(s) which may compete with pharmacological
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pact mode was used.

agents for protein binding (5), and (d) changes in other physio-
logical factors such as pH (23).

The protein binding defects seen in the newborn share sev-
eral similarities to those of uremic patients in that neonates



Figure 4. High perfor-
60l 103 103 79 mance liquid chromato-
l l 11°~3 grams of 2-hydroxyben-
40 4+ l zoylglycine. (4) Normal
79 7.9 pooled serum extract;
20 + l 1 (B) cord serum extract;

(C) normal adult
Time After Injection (min]

Detector Response

pooled serum spiked
with 2-hydroxyben-
zoylglycine. See Methods for experimental conditions.

have reduced binding for many acidic drugs including phenyt-
oin, sulfonamides, barbiturates, salicylates, and penicillins
(1-5), and the defects can be corrected by the activated char-
coal treatment at acidic pH (3, 5). In uremia 2-hydroxyben-
zoylglycine has been shown to be a major drug binding inhibi-
tor and it has been demonstrated to be elevated in a majority
of the patients with severe renal failure (6, 24). Therefore a
search for the presence of a similar compound in the newborn
was undertaken. Nafcillin was chosen as the test agent to mea-
sure the degree of protein binding. We have an accurate assay
method for nafcillin and it represents a highly bound acidic
drug for which the newborn has reduced drug binding (17).

As well demonstrated in Table I, neonates have signifi-
cantly lower binding values for nafcillin as compared with
those of normal adult volunteers. Furthermore, it was shown
that the binding defects could be corrected by n-butyl chloride
extraction at an acidic pH. This clearly indicated that the or-
ganic solvent most likely contained the drug binding inhibi-
tor(s). The analytical methods that were successfully used in
the identification of 2-hydroxybenzoylglycine from uremic
sera were again used. These included thin-layer chromatogra-
phy, UV absorption spectrometry, fluorescence emission spec-
troscopy, high performance liquid chromatography, and mass
spectrometry. The methylene chloride extracts of cord serum
specimens revealed the presence of a fluorescent compound
that had a similar R; value to that of commercially available
2-hydroxybenzoylglycine. The spots containing the fluores-
cent material were scraped and pooled followed by extraction
with methanol for further identification. When analyzed by
fluorescence emission spectrometry, the compound had the
spectrum which was identical to that of pure 2-hydroxyben-
zoylglycine. The compound was shown to possess the same
retention time on high performance liquid chromatography as
the standard 2-hydroxybenzoylglycine. When the unknown
binding inhibitor was subjected to mass spectrometry, the
compound was shown to contain all the key ions found in the
authentic 2-hydroxybenzoylglycine, conclusively confirming
the unknown compound to be 2-hydroxybenzoylglycine.

To investigate the role of this binding inhibitor an attempt

_ 50 r
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x5 Figure 5. High perfor-
¥ 30} mance liquid chromatogra-
=2 phy standard curve for 2-
g& 2or hydroxybenzoylglycine
&::g ok (HBG). Correlation coeffi-
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dard (1.S.), o-anisic acid.
See Methods for detailed
experimental conditions.
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Table II. Comparison of the Levels of 2-Hydroxybenzoylglycine
in Paired Maternal and Cord Serum Specimens*

Levels of 2-hydroxybenzoylglycine

Specimen no. Maternal* Cord*
uM M

1 3.08 3.85
2 0 1.54
3 3.08 3.08
4 0 1.54
S 0 0
6 0 1.54
7 0 1.54
8 0 2.31
9 0 0

10 1.79 6.15

11 3.08 0

12 0 2.31

* The blood specimens were obtained at the time of delivery.

¥ The specimens were obtained from mothers who were not on sa-
licylate therapy.

§ The specimens were obtained from full-term infants only.

was made to correlate the levels of 2-hydroxybenzoylglycine as
assayed by the high performance liquid chromatography pro-
cedure to the extent of binding defects for nafcillin. A strong
positive correlation was demonstrated between the two param-
eters. These results could be reproduced by adding 2-hydroxy-
benzoylglycine to normal pooled adult serum to the levels seen
in cord sera. Therefore it appears apparent that 2-hydroxy-
benzoylglycine is present in high concentrations in the neona-
tal sera and it plays a role of drug binding inhibitor, although
other roles that the compound may play in the newborn are
unclear.

Since the drug binding inhibitor was capable of displacing
nafcillin, a highly bound acidic drug, its ability to displace
bilirubin from neonatal serum protein was investigated. Other
pharmacological agents that are known to be capable of dis-
placing bilirubin were also studied for comparison. These in-
cluded a sulfonamide, salicylate, aspirin, and nafcillin. The
binding inhibitor was demonstrated to be the most effective

90 r

Figure 6. Correlation
between the levels of 2-
hydroxybenzoylglycine
(HBG) and the extent
of drug binding defects
for nafcillin. Each point
represents nafcillin
binding values in
e.CS serum. (a) Normal
::::* Heo adult serum (NS); (a)
B normal adult serum
with addition of 2-hy-
6o - droxybenzoylglycine in
o5 1o 15 20 25 concentrations indi-
cated (NS + HBG); (o)

2-HYDROXYBENZOYLGLYCINE
CONCENTRATION, uM cord serum (CS).

PERCENT NAFCILLIN BOUND

°r
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Table II1. Effect of 2-Hydroxybenzoylglycine on Total
Bilirubin Concentration in Cord Serum*

Bilirubin displacing agents, Total bilirubin
final concentration (5.0 uM) concentration
mg/dl

None 3.4410.16%
2-Hydroxybenzoic acid 3.20+0.12
Aspirin 2.96+0.16
Sulfisoxazole 2.72+0.20
Nafcillin 2.24+0.20
2-Hydroxybenzoylglycine 0.49+0.17

* A batch of pooled cord serum with total bilirubin concentration
of 3.44 mg/dl was used. pH of the serum was adjusted to 7.40 after
the addition of bilirubin displacing agents. The specimens were cen-
trifuged in semipermeable cones for 5 min.

# The values represent means of three separate determinations
+standard deviation.

bilirubin displacing agent among those tested. The levels of
bilirubin displacing agents studied were 0-5 uM. It is probable
that 2-hydroxybenzoylglycine may play an important role in
the genesis of bilirubin-induced neurotoxicity in the newborn
(i.e., kernicterus).

The precise biochemical mechanisms involved in the pro-
duction of 2-hydroxybenzoylglycine in the newborn are un-
clear. Chemically, 2-hydroxybenzoylglycine is a glycine con-
jugate of salicylic acid, and it has previously been demon-
strated that human neonates excreted considerably more
glycine conjugates of salicylates than did the other salicylate
derivatives such as unmetabolized salicylic acid, salicyl phe-
nolic glucuronide, and gentisic acid. In addition, the other
known metabolite of salicylate, salicyl acyl glucuronide, could
not be detected in the same population (25). Therefore, it
appears quite evident that the newborn handles salicylates by
the preferential glycine conjugation process. The final pre-
dominant product, 2-hydroxybenzoylglycine, will tend to ac-
cumulate in the newborn due to the capacity-limited elimina-
tion and consequential prolonged half-life in this age group. At
birth, renal function is greatly reduced if compared with chil-
dren and adult values (26). It is understandable that com-
pounds that depend upon renal function for their excretion
would be disposed of at a very slow rate in the newborn and
tend to accumulate, and 2-hydroxybenzoylglycine is a good
example.

To investigate the origin of 2-hydroxybenzoylglycine in the
cord serum specimens, paired maternal and cord sera obtained
at the time of delivery were analyzed for the levels of 2-hy-
droxybenzoylglycine. In almost every paired case, the level of
the binding inhibitor in the cord serum specimen was signifi-
cantly higher than that in the maternal specimen. This finding
strongly suggests that the origin of 2-hydroxybenzoylglycine is
most likely fetal rather than maternal. However, the source of
the substrate, salicylate, could well be maternal in origin since
exogenous sources of salicylates are multiple. They include
some obvious sources such as salicylate containing medica-
tions, but more importantly various dietary substances in-
cluding fruits and vegetables (27), cow’s milk (28), and food
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additives (29) are known to contain substantial levels of sa-
licylates.

In summary, it has been demonstrated that 2-hydroxyben-
zoylglycine is present at elevated levels in cord serum speci-
mens, and it is proposed that 2-hydroxybenzoylglycine plays
an important role in drug binding defects observed in neo-
nates. The precise mechanisms involved in the genesis of the
binding inhibitor in the newborn are not well understood and
will require further investigation.
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