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Abstract—Cow placenta ribonuclease inhibitor (CPRI) has been purified 5062-fold by affinity chromatography, the product
being homogeneous by sodium dodecyl sulfate-gel electrophoresis. The chemiluminescence technique was used to deter-
mine the radical scavenging activities of CPRI toward different reactive oxygen species (ROS) including superoxide anion
(0%), hydroxyl radical (OH "), lipid-derived radicals (R"), and singlet oxygen ('0,). CPRI could effectively scavenge O3,
OH", R, and '0, at EC4, 0f 0.12, 0.008, 0.009, and 0.006 mg/ml, respectively. In addition, the radical scavenging activities
of CPRI were higher than those of tea polyphenols, indicating that CPRI is a powerful antioxidant.
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Ribonuclease inhibitor (RI) is a 50-kD scavenger of
pancreatic-type ribonucleases (RNases). RI binds pan-
creatic-type RNases with 1 : 1 stoichiometry and compet-
itively inhibits their ribonucleolytic activity [1-3]. RI is
found in the cytosol of mammalian cells and has been
purified from many species and tissue types [4, 5]. Its
inhibition of ribonucleolytic activity and its cytosolic
location have led to the suggestion that RI protects cellu-
lar RNA from degradation by invading pancreatic-type
RNases [3]. RNases can be cytotoxic by entering the
cytosol and degrading cellular RNA. Its ribonucleolytic
activity is limited by the presence of excess RI [3, 6]. The
noncovalent interactions of the RI—RNase A complex are
exceptionally strong (K; = 6.7-107* M) [7]. RI may have
a role in the regulation of RNA turnover in mammalian
cells, thus having a potential role in determining levels of
gene expression [8].

Abbreviations: CL) chemiluminescence; CPRI) cow placenta
ribonuclease inhibitor; DTT) dithiothreitol; ECs,) effective
concentration for 50% inhibition; O3) superoxide anion; OH ")
hydroxyl radical; '0,) singlet oxygen; RI) ribonuclease
inhibitor; RNase) ribonuclease; ROS) reactive oxygen species;
R") lipid-derived radicals.

* To whom correspondence should be addressed.

RI also forms 1 : 1 complexes with angiogenin, a
member of the RNase superfamily [4]. Angiogenin is a
potent inducer of angiogenesis, a complex process of pro-
liferation and formation of new capillary blood vessels
from existing blood vessels, but has only weak ribonucleo-
Iytic activities [9]. It has been implicated in wound heal-
ing and tumor progression [10]. RI from human placenta
can bind with angiogenin with K; = 7.1:107'* M [11] and
inhibits its activity, so it may further inhibit the growth of
solid tumors [12-14].

An unusual aspect of the RI sequence is the presence
of a large number of highly conserved cysteine residues
[15]. Each cysteine residue must be reduced for its anti-
ribonucleolytic activity [15, 16]. This feature allows RI to
function only in a reducing environment, such as the
cytosol. It is well known that reduced glutathione protects
organisms from peroxidation by use of its reduced thiol
group. Therefore, it is possible that RI has antioxidative
activity via its reduced thiol groups. To our knowledge,
there has been no report on the antioxidant ability of RI
in scavenging reactive oxygen species (ROS) in vitro. Here
we studied the antioxidant ability of cow placenta ribonu-
clease inhibitor (CPRI) in scavenging reactive oxygen
species using chemiluminescence and compared this with
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antioxidant properties of tea polyphenols. This is a basis
for the further study of the function of CPRI.

MATERIALS AND METHODS

Purification of CPRI. The rapid procedure described
by Blackburn [17] for the purification of RI from human
placenta was employed in this study with some modifica-
tions.

RNase-A-Sepharose was prepared by coupling
10 mg RNase A (Roche Co., Switzerland) with 3.5 ml
CNBr-activated Sepharose 6B (Sigma, USA). RNase A
solution was prepared by dissolving 8 mg RNase A in 4 ml
0.1 M NaHCO;, pH 9.5, and precooled to 3°C.

An isoelectric precipitation step was added after
ammonium sulfate saturation to remove many non-
inhibitor substances. The ammonium sulfate saturation
precipitate was redissolved in 20 mM Tris-HCI, pH 7.5,
containing 1 mM EDTA, 5 mM dithiothreitol (DTT), and
10% glycerol (v/v). The solution was adjusted to pH 4.5-
4.7 by slowly adding 0.01 M glacial acetic acid. Then it was
centrifuged at 16,000g for 25 min to obtain the isoelectric
precipitate. The isoelectric precipitate was immediately
resuspended to a minimum volume of 45 mM KH,PO,/
45 mM K,HPO,, pH 6.4, and dialyzed in the same buffer
twice for 8 h. The dialyzed solution was centrifuged at
48,000g for 1 h before being applied to the affinity column.

During the purification procedure, protein was
determined according to Lowry et al. [18] with bovine
serum albumin as a standard. Polyacrylamide gel elec-
trophoresis of purified CPRI was performed following a
standard procedure.

Evaluation of the radical scavenging activity of CPRI
by chemiluminescence analysis. Radical scavenging activ-
ities of CPRI were assessed using a bioluminescence
meter LB 9507 (Berthold, Germany). This meter is com-
posed of three parts: an automatically rotating sample
support in which two sample cells (glass tube, diameter
10 mm, height 80 mm) can be placed, a chemilumines-
cence monitor, and a data processor. Each reaction solu-
tion can be mixed in turn and each sample cell can rotate
and cross the monitor at a set time interval according to a
program of our design. When testing, the chemilumines-
cence (CL) intensity of a reaction system can be record-
ed in the data processor at a set time interval. The radical
scavenging activities of tea polyphenols were assessed
under the same condition as a control.

CPRI sample was diluted into four different concen-
trations of solutions (0.1, 0.2, 0.01, and 0.02 mg/ml) pre-
pared in 20 mM acetate (pH 5.0), containing 3.0 M NaCl
and 15% (v/v) glycerol for the following test. Tea
polyphenols were prepared in 0.1 and 0.01 mg/ml solu-
tion with distilled water.

O3 was generated [19] by autooxidation of pyrogal-
lol. The reaction mixture contained 50 pl pyrogallol
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(107* M), 700 ul Tris-HCI (20 mM, pH 8.5), and 20 pl
luminol (107> M; Fluka, USA). A sample cell was first
placed in the bioluminescence meter with 100 ul sample
solution. When the cell crossed the monitor, other reac-
tion solutions loaded in the two bottles in the biolumines-
cence meter were injected into the cell in situ. The CL was
simultaneously recorded in the processor and then was
recorded once every 5 sec (Tris-HCl instead of the speci-
men was present in the control).

OH " was assigned [19] after generation by a Fenton-
type reaction. The reaction mixture included 20 ul FeCl,
(107 M), 30 ul 1,10-phenanthroline (10~ M; Sigma),
800 pl Tris-HCI (20 mM, pH 7.38), and 50 ul H,O,
(0.6%).

R* was assigned after lipid peroxidation generated by
the oxidation of primrose oil (unsaturated fatty acid con-
tent > 80%), induced by H,O,. The reaction mixture con-
tained 100 pl evening primrose oil, 800 pl Tris-HCI
(20 mM, pH 7.38), and 100 ul H,0, (0.6%) in sample
cells.

'0, was assigned [19] after singlet oxygen was chem-
ically generated by the reaction between NaClO and
H,0, in a solution of pH 8.0 at 37°C. The reaction mix-
ture included 200 pl of 1.4 mM NacClO, 800 ul Tris-HCI
(20 mM, pH 8.0), and 50 ul H,0, (0.6%). The testing
procedure for OH", R", and 'O, was similar to that for the
O7 assay.

Chemiluminescence data reported as mean values *
S.D. were processed using SPSS software. Every experi-
ment was repeated three times.

RESULTS AND DISCUSSION

Purification of CPRI. The purification procedure is
summarized in Table 1. The preparation of the inhibitor
thus obtained yielded a single band after electrophoresis
in the presence of sodium dodecyl sulfate (SDS) ona 10%
polyacrylamide gel. The molecular weight estimated by
SDS-gel electrophoresis was 50 kD.

In preparing the affinity column, RNase A was cou-
pled with CNBr-activated Sepharose 6B (RNase
A/Sepharose 6B, 10 mg/3.5 ml) with coupling over 85%.
Compared with the method described by Blackburn
(RNase A/Sepharose 4B, 50 mg/40 ml) [17], the affinity
capacity of the column is higher.

After isoelectric precipitation, the applied sample
volume prior to the affinity column decreased and CPRI
activity increased. Thus the affinity chromatograph was
easy, time-saving, and expensive-reagent-saving. The
decrease in the non-inhibitor substances in the applied
sample prolonged the use of the affinity column because
many non-inhibitor substances were hard to elute and
harmful to the column.

Radical scavenging activities of CPRI. Panel (a) of
the figure shows the time-dependent scavenging effect of
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Table 1. Purification of ribonuclease inhibitor from cow placenta

Step Protein, Activity, Volume, Specific activity, Purification, | Recovery,
mg units ml (g) units/mg fold o
Placenta homogenate 8.1-10* 2.58-10° 1500 ml 32 1 100
Ammonium sulfate precipitate 1.5-10* 2.12-10° 30g 142 4.4 82
Isoelectric precipitation 1.1-10* 1.86 - 10° 18 ¢g 164 5.1 72
48,0002, 1 h 9.1-10° 1.79 - 10° 100 ml 199 6.2 69
Affinity chromatography 8.3 1.34-10° 40 ml 1.62-10° 5062 52

CPRI on O3. In the present system, O3 generated from
pyrogallol autooxidation could oxidize luminol to pro-
duce a strong chemiluminescence signal that was propor-
tional to the concentration of O3. Therefore, the scav-
enging effect of CPRI on O3 could be obtained by
observing its inhibition of the CL. The CL of the control
increased quickly and then remained relative stable. After
adding CPRI, the CL decreased slowly and dose-
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dependently, and tended to be flat after 50 sec. The effec-
tive concentration (ECy,), which was defined as the con-
centration to inhibit by 50% the chemiluminescence
intensity, was usually used to express the radical scaveng-
ing activities.

Panel (b) of the figure shows the time-dependent
scavenging effect of CPRI on OH". OH" generated in a
Fenton-type reaction could oxidize luminol to produce a
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Radical scavenging effect of CPRI. a) Time-dependent scavenging effect of CPRI on O3 with 0.2 mg/ml (/) and 0.1 mg/ml CPRI (2). Tea
polyphenol (0.1 mg/ml) was taken as a positive control (3). b-d) Time-dependent scavenging effect of CPRI on OH" (b), R" (c), and 'O,
(d) with 0.02 mg/ml (7) and 0.01 mg/ml CPRI (2). Tea polyphenol (0.01 mg/ml) was taken as a positive control (3). a-d) Tris-HCIl instead

of specimen was present in blank control (4)
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strong chemiluminescence signal proportional to the
concentration of OH" [20]. The CL of the control quick-
ly increased with time and reached a plateau after 7 sec.
After addition of CPRI, the CL intensity was decreased in
a dose-dependent fashion.

Panel (c) of the figure shows the time-dependent
scavenging effect of CPRI on R°. R’ generated in an
H,0,/evening primrose oil system could produce rela-
tively strong CL not depending on luminol. The CL of the
control increased with time and reached a plateau after
40 sec. The CL intensity dose-dependently decreased
after the addition of CPRI.

Panel (d) of the figure shows the time-dependent
scavenging effect of CPRI on '0,. 'O, was generated in
the reaction between NaClO and H,O, in a solution of
pH 8.5 and detected by the CL technique. The CL of the
control produced a peak at 17 sec and then decayed
quickly with time. The CL dose-dependently decreased
with the addition of CPRI.

The higher the EC, value, the lower were the radical
scavenging activities. Referring to EC, (Table 2), it could
be observed that the radical scavenging activities of CPRI
towards ROS decreased in the sequence 'O, > OH™ >
R" > O3 which is consistent with the decreasing sequence
of ROS activities. Table 2 also compares the ECs, of
CPRI and tea polyphenols and indicates that the radical
scavenging activities of CPRI were higher than those of
tea polyphenols, which are well-known antioxidants,
showing that CPRI is a powerful ROS scavenger.

ROS in the form of O3, OH", '0,, and R" are high-
ly reactive and potentially damaging transient chemical
species formed in all cells as unwanted metabolic byprod-
ucts of normal aerobic metabolism. Cells are protected
from ROS induced damage by a variety of endogenous
ROS scavenging enzymes and chemical compounds [21].
ROS attack biological molecules leading to cell or tissue
injury. The role of ROS in tissue damage in various
human diseases, cancer, and aging is becoming increas-
ingly recognized [22].

Moenner et al. showed that significant amounts of
RI are present in human and rat erythrocytes that are
essentially devoid of ribonuclease or functional RNA.
They suggested a role for RI in the metabolism and aging
process of erythrocytes [5]. Cui’s investigation showed
that activities of RNases increased with aging, while the
activities of RI decreased with aging [23]. Cui’s study
showed that the exogenous placental RI could inhibit the
growth of mouse tumors, such as sarcoma S-180. The
inhibitory effects of RI on the tumor could be associated
to its antioxidative effects as well as its anti-angiogenic
role [24]. Cui’s experiment also suggests that RI has a
protective role against mouse hepatic damage induced by
CCl, [25]. Our results, showing that CPRI can scavenge
all the ROS studied powerfully, has further proved that the
mechanism for the function of RI in cancer and aging is
closely related with its antioxidative activity.
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Table 2. EC,, comparison between CPRI and tea
polyphenols (mg/ml)

ROS CPRI Tea polyphenols
(03 0.12 0.16
OH" 0.008 0.01
R’ 0.009 0.020
'0, 0.006 0.009

The fact that aging and cancer have relevance to per-
oxidative lesions has been well proved. This suggests that
the radical-scavenging effects of CPRI may contribute to
its function in the cell protection from peroxidative
injuries unrelated to inhibition of RNase A. The antiox-
idative mechanisms of RI may be associated with the
multiple thiol groups in its molecule, which can play a
role just like reduced GSH. Our results seem to suggest
further studies are needed on the biological function and
development of RI-based medicine.
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