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We attempted to purify and identify the active antioxidants in human-placenta extracts (PLx). Purifica-
tion was performed successively by 409§ methanol precipitation, Sephadex G-50 gel chromatography, and
high-performance liquid chromatography (HPLC). The supernatant of PLx after 409 methanol precipitation
possessed 85% of the original antioxidant activity. Elution of the antioxidants from gel chromatography
gave mainly three peaks with approximately 98% recovery of the antioxidant activity. The antioxidant
activity was then fractionated by HPLC with a recovery of approximately 90% of the activity. Three
components were obtained, and based on HPLC retention times, UV, NMR, and FAB-MASS, they were

identified as uracil, tyrosine, and phenylalanine.
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INTRODUCTION

Oxidative stress occurs in aerobic cells or
tissues when the amount of generated reactive
oxygen species (ROS) exceeds the antioxidant
capacity of the target cell. ROS may interact with
and modify cellular protein, lipid, and DNA,
resulting in altered target cell functions. The
accumulation of oxidative damage has been im-
plicated in both acute and chronic cell injuries.
Especially, recent information indicates that un-
controlled lipid peroxidation induced by in-
creased ROS may contribute to certain disease
processes via disruption of membrane lipids and
other cell components.*?

Living cells have defensive mechanisms to
protect vital cell components against ROS. The
primary components of the physiological antiox-
idative system are the superoxide dismutase
(SOD), catalase and glutathione (GSH). SOD rap-
idly dismutates superoxide anions to H,O, and O,
in the presence of H*. Decomposition of H,0; is
mainly carried out by either catalase or by the

*To whom correspondance should be addressed : Depart-
ment of Health Chemistry, Faculty of Pharmaceutical
Sciences, Hoshi University, 4-41, Ebara 2-Chome,
Shinagawa-ku, Tokyo 142-8501, Japan. Tel.: +81-3-
5498-5950 ; Fax : +81-3-3787-0036 ; E-mail : t-noriko
@hoshi.ac.jp.

coupled glutathione peroxidase (GSH-Px) and
glutathione reductase (GSSG-Rd) enzyme system
at the expense of reduced GSH.

Recent reports elucidate the potential signifi-
cance of antioxidant supplementation®=® in the
management of reactive oxygen-mediated
oxidative stress, known to be involved in the
development and exacerbation of several degen-
erative diseases such as artery hardening,
diabetes, nervous disorders, and many other dis-
eases and aging.®

Human-placenta extracts (PLx) have been
reported to possess antioxidant activity® and are
widely used in clinical and cosmetic fields due to
effects on inhibition of melanin formation, mois-
ture retention, and keratolytic and anti-
inflammatory actions.””'? The antioxidants in
PLx may greatly contribute to prevention or cure
of many diseases triggered by reactive oxygen.
Although PLx is known to contain various
enzymes, vitamins, amino acids and nucleic
acids,'®*!'* the main substances contributing to the
antioxidant activity of PLx have not been
elucidated. In this study, we attempted to purify
and identify the antioxidants in PLx.
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MATERIALS AND METHODS

Reagents and Chemicals —— Lyophilized PLx for
commercial use was provided from Snowden Co. Ltd.
(Tokyo, Japan) and used for the experiment. Accord-
ing to the information from Snowden Co. Ltd., PLx
was prepared by hydrolyzing the human-placenta
with certain proteases after being homogenized in a
physiological salt solution, and stored for one month
at 4°C in the dark. The supernatant after centrifuga-
tion was collected, treated to remove lipophilic sub-
stances, such as estrogen whose derivatives are
known to show antioxidant activity, and lyophil-
ized.'® The resulting powder was dissolved in distilled
water at a concentration of 109 (10% crude PLx).

Hydrogen peroxide (309 aqueous solution) was
purchased from Kanto Reagents (Tokyo, Japan), and
ammonium iron (II) sulfate hexahydrate, 2-deoxy-D-
ribose, trichloroacetic acid, and 4,6-dihydroxy-2-
mercaptopyrimidine (thiobarbituric acid) were pur-
chased from Wako Pure Chemical Industries Ltd.
(Osaka, Japan). All other reagents used in this study
were of HPLC or analytical reagent grades.
Measurement of Antioxidant Activity —— Con-
jugated dienes method: The conjugated dienes
method was performed basically as described by
Kharasch and Novak.!® Briefly, linoleic acid (24 mg)
was added to a solution of 10 ml of 30 mM NaCl and
10 ml of 0.89 sodium dodecyl sulfate. The mixture
was sonicated and further mixed with 60 ml of 30 mMm
NaCl (linoleic acid suspension). The reaction mixture
containing 2.5 ml of the linoleic acid suspension, 0.1
ml of sample, 50 x1 of 0.003% H,0,, and 25 xl of 1%
ferrous ammonium sulfate was kept in a cuvette with
a 1-cm light path at 25°C under continuous stirring.
The rate of absorbance at 234 nm (40D,,,/min) after
the addition of ferrous ammonium sulfate was
monitored by spectrophotometer (Fig. 1A).

Deoxyribose method: The deoxyribose method
was performed as described previously by Rice-Evans
et al*” The reaction solution containing 0.5 ml of 150
mM NaCl, 0.2 ml of 5 mM deoxyribose, 0.15 ml of H,O
(control) or sample, 0.1 ml of 2 mM ferrous ammo-
nium sulfate, and 0.05 ml of 0.03% (v/v) H,0, was
mixed. Then, 0.5 ml of 19 (w/v) thiobarbituric acid
(TBA) in 0.05 M NaOH and 0.5 ml of 2.8% (w/v)
trichloroacetic acid were added. The mixture was
heated for 15 min at 100°C, cooled and absorbance at
532 nm measured. One unit of antioxidant activity
was defined as the amount of antioxidant which leads
to the same value of 40Ds;, (ODs3, (control)—ODss,
(sample)) as 1 gmol of mannitol does.

Purification of Antioxidants in PLx —— Methanol
precipitation: PLx (pH 3.8)(120 ml) was mixed with
methanol (80 ml), and then centrifuged at 10000 X g¢
for 10 min at 4C. The resulting supernatant was
lyophilized, and dissolved in 10 ml of distilled water.

Sephadex G-50 gel chromatography: The frac-
tion from the previous step (10 ml) was subjected to
gel filtration on a Sephadex G-50 column (33 X 850
mm, 727 ml) preequibrated with distilled water, and
eluted with distilled water at a flow rate of 0.4 ml/
min, and 80 drops per fraction were collected. The
collected active fractions (zone B or zone C) were
lyophilized, and dissolved in 10 ml of distilled water.

Separation by reverse-phase-HPLC (RP-HPLC):
RP-HPLC was performed on a DELTA 3000 (Waters,
U.S.A)) equipped with an UV detector operated at 210
nm. The samples (50 1 for zone B, 50 xl for zone C,
see Fig.2) filtrated with Ekicrodisc ® 25(Gelman
Sciences Japan, Ltd.) were applied to an ODS Might-
ysil RP-18 GP column (5 um-pore size, 10 X 250 mm,
19.6 ml, Cica Merck, Japan) and eluted with an
acetonitrile/water linear gradient system (0—40%
acetonitrile for 60 min) at a flow rate of 1.0 ml/min.
Identification of Antioxidants Purified from PLx —
NMR spectrometry : The 'H- and **C-NMR spectra
were acquired at 270 MHz and 500 MHz using JEOL
JMS GX-270 and JEOL JNM-LA 500 (Tokyo, Japan),
respectively, in D,O or methanol-d,. Chemical shifts
are reported relative to the solvent or relative to
tetramethylsilane (TMS) internal standard and cou-
pling constants are reported in Hz. The following
abbreviations are used: d; doublet, dd; double-
doublet, m ; multiplet.

Fast Atom Bombardment Mass (FAB-MASS)
spectrometry : The measurements were performed
on a JEOL JMS SX-102A. The FAB-MASS spectra
were recorded on B/E linked scan under a constant
ion accelerating voltage (10 kV). Glycerol was used as
a matrix of positive mode.

UV spectrometry: A Hitachi U-2000 spectro-
photometer was used in this analysis. Samples were
dissolved in distilled water, and their pH showed
approximately 6.5.

Retention time by HPLC : HPLC retention times
were obtained by the method described above.

RESULTS

Antioxidant Activity of PLx
Using the conjugated dienes method (Fig.
1A), the increasing rate of absorbance per minute
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Fig.1. Antioxidant Activity of PLx
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(A) Antioxidant activity of PLx and radical scavengers on conjugated diene production by Fenton Reaction. The antioxidant activity at the
indicated final concentration was plotted as the rate of change at OD,s,/min. Rates were measured from 0 to 1 min following the addition of ferrous
ammonium sulfate as described in “Materials and Methods.” (B) Antioxidant activity of PLx and radical scavengers on MDA production by
Fenton Reaction. MDA production was monitored at 532 nm as described in “Materials and Methods.” Each value represents the mean of triplicate

determination.

at 234 nm (4OD,s,/min) was abolished by PLx in
a dose dependent manner. This result indicated
that PLx prevented hydroxyl radicals from
generating conjugated dienes of linoleic acid. By
the deoxyribose method (Fig. 1B), malondialde-
hyde (MDA) formation was inhibited by PLx, as
observed by mannitol and ascorbic acid. These
results showed that PLx possessed antioxidant
activity.

Purification of Antioxidants in PLx

A preliminary examination using gel
chromatography (data not shown) indicated that
the main antioxidant activity in PLx did not
reside predominantly in large molecular weight
substances (2000 daltons) such as peptides and
proteins. On this basis, the first stage was to
remove protein as much as possible by the 409%
methanol precipitation procedure. PLx (7220

units) was mixed with methanol. Approximately
85% (6140 units) of antioxidant activity measured
by the deoxyribose method remained in the super-
natant of PLx treated with 409 methanol. This
supernatant was applied to Sephadex G-50 gel
column chromatography. The elution patterns of
antioxidant activity and absorbance at 280 nm
are shown in Fig. 2. Maximum antioxidant activ-
ity was seen in fraction 73. Fractions having
antioxidant activity were divided into two zones,
zone B and C (Fig. 2). The combined recovery of
antioxidant activity of zone B (fraction 56—72)
and C (fraction 73—85) was approximately 70%
(5220 units). Fractions from zones B and C were
lyophilized and dissolved in 10 ml of distilled
water (Fig. 2), and then applied to RP-HPLC.
Fig. 3A and Fig. 3B shows the UV absorption
at 210 nm and antioxidant activity after HPLC
separation of zone C, respectively. The antiox-
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Fig. 2. Sephadex G-50 Chromatography of PLx Extract after 4095 MeOH Treatment

Supernatant of PLx treated with 40% MeOH was subjected to Sephadex G-50 chromatography : column size; 850 Xi.d. 33 mm (727 cm?®),
eluent ; H,0, flow rate; one drop/15 sec ; sample volume; 10 ml, and 80 drops/fraction. UV absorbance (280 nm)(——) of each fraction was
measured by Hitachi U-2000 spectrometer. Zone B was composed of fractions from No. 56 to No. 72, and zone C was from No. 73 to No. 85.
Antioxidant activity (=) is expressed as umol equivalents of mannitol by the deoxyribose method.
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Fig. 3. Separation of Antioxidants in PLx by HPLC (A) and Antioxidant Activity of the Peaks (B)

Sample derived from zone C fraction in Fig. 2 was subjected to RP-HPLC: column ; ODS Mightysil RP-18 GP (5 zm), column size ; 250 Xi.
d. 10 mm (19.6 cm®), eluent; linear gradient of acetonitrile in H,O (0—40% (v/v)) containing 0.1% (v/v) trifluoroacetic acid, Flow rate; 1.0 ml/min
for 60 minutes, sample volume ; 50x1. UV absorbance (210 nm) of each fraction was measured by the detector. Antioxidant activity is expressed
as umol equivalents of mannitol by the deoxyribose method.
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Fig.4. Rechromatography of Antioxidants (Peaks b, h, p, and v) Separated by HPLC
Peaks b, h, p, and v obtained from Fig. 3 were rechromatographed by HPLC under the same conditions as described in Fig. 3.

idant activity of each peak fraction (peaks a—z,
Fig. 3A) is shown in Fig. 3B. Peaks b, h, p, and v
showed high antioxidant activity. The retention
times of peaks b, h, p, and v were 13.7, 25.2, 43.7,
and 53.5 min, respectively. These results suggest-
ed that the antioxidants in peaks b, h, p, and v
represented a majority of the antioxidants in
PLx. The recovery of antioxidant activity from
all peaks was approximately 909 (3650 units) of
all antioxidant activities applied to the HPLC.
Total antioxidant activities of peaks h, p, and v
accounted for about 829 (3290 units) of all
antioxidant activities applied to the HPLC. The
antioxidant activity in peak v represented the
largest percentage of total antioxidant activity in
PLx (Fig. 3B). Zone B showed a similar elution
pattern to zone C, except for the absence of peak
h (data not shown).

The purity of each antioxidant (peaks b, h, p,
and v) was examined by rechromatography (Fig.
4). Except for peak b, rechromatographed peaks
h, p, and v were symmetrical, sharp, and single.
The rechromatographed peak b resulted in two
peaks as shown in Fig. 4. The minor peak, eluted

at a retention time of 17.3 min, accounted for 109
of the total area based on UV absorption. For
peak b, we used the rechromatographed peak
eluting at a retention time of 14.3 min for identifi-
cation.

Identification of Antioxidants in PLx

'H-NMR and “*C-NMR spectra of peak h
indicated that the compound was uracil, by com-
parison with an authentic uracil standard. As
shown in Tables 1 and 2, '"H-NMR and **C-NMR
chemical shifts of the authentic uracil standard
and the compound in peak h were identical. In
Table 2, the *C-NMR chemical shift of peak h
corresponding to ¢: 152.10 ppm of the uracil
standard did not appear. However, the signal
intensity at ¢ : 152.10 ppm for the uracil standard
was extremely weak, so that the signal was hard
to distinguish from noise. Results of NMR analy-
sis indicated that the compound in peak h may be
uracil.

Fig. 5 shows FAB-MASS spectra on the lin-
ked scan of authentic uracil standard and peak h.
The uracil spectra (peaks 70, 96, 113 m/z) were
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Table 1. 'H-NMR Chemical Shifts of Uracil and Peak h (ppm)

(Coupling Constants in Parenthesis)

Uracil peak h
7.53 7.53
(2H, d, /=8 Hz) (2H, d, /=8 Hz)
5.80 5.80
(2H, d, /=8 Hz) (2H, d, /=8 Hz)
Peak h
2011 113.0
1071 70.0
g | 96.0
g 00 1 Lalia Lo N |
: .
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Fig.5. FAB-MASS Spectra on Linked Scan of Samples

The FAB-MASS spectra of peaks h, p, and v purified by re-
chromatography were recorded on B/E linked scan on JEOL JMS
SX-102A under a constant ion accelerating voltage (10 kV) as de-
scribed in “Materials and Methods.” Glycerol was used as a positive
mode matrix.

Table 2. **C-NMR Chemical Shifts of
Uracil and Peak h (ppm)
Uracil peak h
168.30 168.27
153.232 Not detected
144.25 144.22
101.87 101.86

a) The intensity of the uracil signal was very
weak.

similar to those of peak h. The UV spectra of
peak h and the authentic uracil standard were
also similar (Fig. 6). The HPLC retention time of
the uracil standard corresponded to that of peak
h (data not shown). Specific antioxidant activity
(units/mol) of uracil is much higher than the
well-known antioxidant, mannitol (Fig. 7). These
results (NMR, FAB-MASS, UV, HPLC retention
time, and antioxidative activity by the deoxyr-
ibose method) revealed that peak h was uracil.

Peak p was examined by the same proce-
dures as described above. NMR data for peak p
suggested that it may be tyrosine. 'H-NMR and
BC-NMR chemical shifts of the authentic
tyrosine standard and the compound in peak p
(Tables 3 and 4) correspond very well. FAB-
MASS spectra (Fig.5), UV spectra (Fig.6) and
HPLC of peak p were identical with those of the
authentic tyrosine standard (data not shown),
suggesting that peak p is tyrosine. In the '3C-
NMR spectrum, tyrosine has 7 different carbon
atoms and 7 signals instead of 6 signals should
appear in Table 4. However, one signal for both
the tyrosine standard and peak p was lacking
probably because it was coincident with another
peak or its intensity was very weak.

NMR information for peak v in Tables 5 and
6 revealed that it may be phenylalanine. FAB-
MASS spectra (Fig.5), UV spectra (Fig. 6), and
HPLC retention time (data not shown) indicated
that peak v is consistent with phenylalanine.

In addition, tyrosine and phenylalanine pos-
sessed antioxidant activity to approximately the
same extent, and both amino acids were more
potent antioxidants than mannitol, and the high-
est specific antioxidant activity was seen in
uracil (Fig. 7).

DISCUSSION

In this study, we isolated and identified
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Table 3. 'H-NMR Chemical Shifts of Tyrosine and Peak p
(ppm) (Coupling Constants in Parenthesis)

Table 4.

B3C-NMR Chemical

Shifts of

Tyrosine and Peak p (ppm)

Tyrosine Peak p Tyrosine Peak p
7.18 7.14 157.51 157.21
(2H, d, /=9 Hz) (2H, d, /=9 Hz) 132.43 131.78
6.85 6.82 128.61 126.82
(2H, d, /=9 Hz) (2H, d, /=9 Hz) 117.52 116.93
3.85 4.08 58.23 55.93
(1H. dd, /=8 and 5 Hz) (1H. dd, /=8 and 6 Hz) 37.49 36.94
3.22 3.21
(1H. dd, /=15 and 5 Hz) (1H. dd, /=14 and 6 Hz)
3.00 3.00
(1H. dd, /=15 and 8 Hz) (1H. dd, /=14 and 8 Hz)
Sample Standard
040 Peak h Uracil
020 |
000 |
8 Peak p Tyrosine
C o020
©
0
-
(o]
2]
Q0
<C 000 |
Peak v Phenylalanine
020 |
000
1 1 1 1 1 ] | 1 1 1 1 L
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Fig.6. UV Spectra of Purified Antioxidants (Peaks h, p, and v)

Spectra of samples (rechromatographed peaks h, p, and v) and standards (uracil, tyrosine, and phenylalanine)
dissolved in H,O were measured by Hitachi U-2000 spectrometer.

uracil, tyrosine, and phenylalanine as the main
antioxidants in human-PLx, as determined by the
deoxyribose method, HPLC retention time, UV
spectra, 'H- and *C-NMR, and FAB-MASS.
Recently, Takehara et al. reported that in
the late gestational stage, placental tissue sup-
presses lipid peroxide formation, and that at this

stage, the concentration of lipid peroxides in
umbilical cord blood was low, and the fetus was
protected from reactive oxygens and free radical-
induced toxicity by stimulating the activities of
some important antioxidant factors in placental
tissue.'® In the current study, these important
antioxidant factors were found to include uracil,
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Table 5. 'H-NMR Chemical Shifts of Phenylalanine and Peak v
(ppm) (Coupling Constants in Parenthesis)

Phenylalaine Peak v
7.31—7.43 7.02~7.14
(5H, m) (5H, m)
3.99 3.88
(1H, dd, /=8 and 5 Hz) (1H, dd, /=8 and 5 Hz)
3.29 3.03
(2H, dd, /=15 and 5 Hz) (2H, dd, /=14 and 5 Hz)
3.12 2.88
(2H, dd, 7 =15 and 8 Hz) (2H, dd, /=14 and 8 Hz)

400

300 +

200

100

% Antioxidant activity (ref. Mannitol, 100%)

Uracil Tyrosine Phenylalanine Mannitol

Fig.7 Comparison of Antioxidant Activity of Uracil,
Tyrosine, Phenylalanine and Mannitol

Antioxidant activity was measured by the deoxyribose method
using uracil, tyrosine, phenylalanine and mannitol at a concentration
of 30uM.

tyrosine, and phenylalanine, while there are still
some other unidentified antioxidants in PLx.
Based on the HPLC profile, the concentration of
uracil, tyrosine, and phenylalanine in the 109
crude PLx was estimated to be 1.3 mmMm, 4.1 mM,
and 11 mMm respectively. The percentage antiox-
idant activity of the three compounds was
approximately 469 of the total antioxidant
activity.

Previously, the mechanism of antioxidant
activity of tyrosine and phenylalanine has been
studied.’®?” In the case of phenylalanine, hydrox-
yl radicals attack the hydrogen atom located at

Table 6. '*C-NMR Chemical Shifts of
Phenylalanine and Peak v (ppm)

Phenylalanine Peak v
173.72 171.40
137.33 135.68
130.41 130.47
129.97 130.12
128.39 128.84

57.60 55.26
38.41 37.38

the para position of the phenylalanine benzyl
group (C4), and are converted into H,O. At the
same time, phenylalanine forms a phenylalanine
radical, which combines with other hydroxyl
radicals and is converted to tyrosine. As a result,
when phenylalanine is exposed % vivo to hydrox-
yl radicals, tyrosine is produced as a final prod-
uct. It is possible that the tyrosine present in PLx
is a byproduct of phenylalanine oxidation. On the
other hand, in the presence of hydroxyl radicals
but not O, and O,-~, tyrosine is transformed to
tyrosine radical as an intermediate compound,
whereby hydroxyl radicals remove hydrogen
atoms at the phenyl meta position (C3 or C5).
Hydroxyl radicals then bind with other hydroxy!
radicals and bityrosines are created. Tyrosine
and phenylalanine probably act as antioxidants
via these mechanisms when PLx is administered
n vivo.

Among recent studies on amino acids as
antioxidants, Gelvan ef al. indicated that
phenylalanine was a strong Cu(Il) chelator and,
through its metal (Cu(I))-binding properties,
phenylalanine displayed antioxidant activity.?"
Basically, chelating agents reveal antioxidant
activity by suppressing the generation of free
transition metals {e.g. Fe?*, Cu?*). On the other
hand, some literature suggests that copper ions
may facilitate peroxide decomposition under
certain circumstances.??=24 Further studies are
needed to clarify the role of phenylalanine and
copper ions in iz vive antioxidant activity.

Kapiotis ef al. suggested that tyrosine is an
efficient physiological antioxidant which inhibits
LDL oxidation and endothelial cell cytotoxicity
initiated by superoxide and nitric oxide radi-
cals.' Our study showed that by the deoxyribose
method, tyrosine and phenylalanine possessed
almost the same specific antioxidant ability (Fig.
7). It is possible that phenylalanine is as effective
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as tyrosine in the role of physiological antiox-
idant. ,

Uracil as an antioxidant has not been studied
substantially compared with uracil derivatives
(propylthiouracil, methyluracil efc.). Further
studies are required to clarify the mechanism of
uracil as an antioxidant and its role in human
health.

In conclusion, our data indicate that uracil,
tyrosine, and phenylalanine are the major antiox-
idant substances in human PLx.
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