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Abstract

The present study was conducted to evaluate the effect of sanguiin H-6, a component of Sanguisorbae Radix, on the production of nitric
oxide (NO), using macrophages activated by lipopolysaccharide (LPS). Sanguiin H-6 inhibited nitrite production, taken as an index for NO,
in a concentration-dependent fashion. This compound decreased inducible NO synthase (iNOS) activity, with the inhibitory effect at a
concentration of 25 pM being equal to that of the known iNOS inhibitor aminoguanidine at 50 uM. However, unlike aminoguanidine, sanguiin
H-6 was associated with improved cell viability. Reverse transcription-polymerase chain reaction analysis revealed that the expression of
iNOS mRNA in activated macrophages was suppressed by sanguiin H-6 in a concentration-dependent manner. In addition, sanguiin H-6 even at
alow concentration showed a clear scavenging effect on the NO generated from sodium nitroprusside (an NO donor). These findings indicate
that not only does sanguiin H-6 act directly as an NO scavenger, but it also inhibits NO production in LPS-activated macrophages by the
concomitant inhibition of iNOS mRNA induction and enzyme activity. € 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

During infection, inflammation, or an immune response,
macrophages in vivo are stimulated to rapidly metabolize
L-arginine (L-Arg) in the presence of nitric oxide synthase
(NOS), and NO is produced as a result of this reaction. NO,
together with active oxygen and other antimicrobial sub-
stances and antitumor agents produced by macrophages,
plays an important role in protecting the body by causing
damage to tumor cells and preventing infection with
microorganisms. On the other hand, excessive production
of NO can cause a state of shock, damage to tissues of the
living body, and unfavorable conditions, such as autoim-
mune disease [1-3]. Thus, NO is deeply involved in the
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immune system and defense mechanisms of the body, and
because of this, much attention has been focused on the
importance of its actions.

NO is a radical gas synthesized by NOS. It has three
isoforms, and the NO produced varies widely in its phy-
siological significance according to the isoform of NOS
involved in the synthesis. The physiological role of NO is
enhanced when it is synthesized by neuronal NOS or endo-
thelial NOS, whereas the pathological role is enhanced
when it is synthesized by iNOS [4,5]. It has been specu-
lated that, once induced, iNOS synthesizes a large amount
of NO, and thus, causes a marked increase in the local con-
centration of NO, allowing the predominance of NO as a
radical [1]. The NO radical is also likely to be produced in
the environment where O, coexists, and it can be con-
verted to a more reactive radical through a reaction with
O, [6]. Considering these characteristic features of NO as
aradical, together with the fact that iNOS is readily induced
in mouse and rat inflammatory cells after treatment with
LPS or inflammatory cytokines [7,8], iNOS seems to be
deeply involved in the processes of the immune reaction
and inflammation. From this viewpoint, attention has been
paid to the role of iNOS inhibitors, and it has been reported
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that L-canavanine, N”-amino-L-arginine, N-iminoethyl-L-
ornithine, S-methylisothiourea, and aminoguanidine can
potently inhibit macrophage-derived iNOS [5,9,10].

We searched for iNOS inhibitors among Oriental med-
icines, and carried out a study to screen for their effects on
excessive NO in an in vitro evaluation system using sodium
nitroprusside, an NO donor. As a result, we found a new
beneficial effect of Sanguisorbae Radix, reflected in the
finding that Sanguisorbae Radix extract markedly inhibits
excessive NO [11,12]. In a subsequent study, we investi-
gated which component was responsible for the inhibitory
effect of the extract, and found high activity in sanguiin
H-6 [13]. Sanguisorbae Radix is an Oriental medicine not
commonly used in Japan, and not present in any Oriental
medical prescriptions currently available in the clinical
setting. However, in China, this drug is taken internally for
hemostasis or treatment of hematemesis, hemoptysis,
melena, and hypermenorrhea, and externally for the treat-
ment of dermatitis, eczema, and incised wounds. Previous
pharmacological studies of this drug have been restricted to
its effects on burn injuries and hemostatic or antiemetic
effects in rabbits and pigeons, and its antimicrobial effects
on Staphylococcus aureus and Pseudomonas aeruginosa
[14]. In this regard, much is expected from the effects of
sanguiin H-6 isolated from Sanguisorbae Radix.

In the present study, we investigated the mechanism by
which sanguiin H-6 acts, with special reference to iNOS.

2. Materials and methods
2.1. Sanguiin H-6

As described previously [13], roots of Sanguisorbae
Radix (Sanguisorba officinalis L., Rosaceae), grown in

China and supplied by the Uchida Wakan-yaku Co. Ltd.,
were ground to a fine powder before being extracted with

acetone and water (7:3, v/v). The extract was then parti-
tioned three times with ethyl ether, and the water-insoluble
precipitate in the aqueous layer was collected by filtration.
The filtrate was applied to a column of Diaion HP-20SS
and eluted with water containing increasing proportions of
methanol. Elution of the column with 0—-60% methanol
gave the tannin-containing fraction. This fraction was
separated by Sephadex LH-20 column chromatography
with 0-100% methanol and then with water—acetone. A
part of the fractions was separated further by Sephadex
LH-20 column chromatography with ethanol containing
increasing proportions of a water and acetone mixture (1:1,
v/v) to yield sanguiin H-6. The level of sanguiin H-6 in the
aqueous extract of Sanguisorbae Radix was estimated to be
about 0.7%. The chemical structure is shown in Fig. 1.

2.2. Medium and reagents

RPMI 1640 medium and fetal bovine serum (FBS) were
purchased from the Nissui Pharmaceutical Co. Ltd. and
Cell Culture Laboratories, respectively. Thioglycollate
broth and 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) were obtained from Wako
Pure Chemical Industries, Ltd. LPS, pepstatin A, chymos-
tatin, aprotinin, phenylmethylsulfonyl fluoride, FAD, tet-
rahydrobiopterin, dithiothreitol (DTT), NADPH, lactate
dehydrogenase (LDH), sodium pyruvate, and aminogua-
nidine were all from the Sigma Chemical Co. Deoxyribo-
nuclease I, ANTP mix, RNase inhibitor, RNase H-reverse
transcriptase, ribonuclease A, and Taq DNA polymerase
were from Takara Shuzo. Other reagents were of the
highest grade available.

2.3. Animals

Male BALB/c strain mice (Shizuoka Agricultural Coop-
erative Association for Laboratory Animals) were used at 6

OH
OH

OH

Fig. 1. Structural formula of sanguiin H-6.
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weeks of age. They were kept in an air-conditioned room
with lighting from 7:00 a.m. to 7:00 p.m. and given
commercial pellet chow (Clea Japan Inc.; comprising
24% protein, 3.5% lipid, and 60.5% carbohydrate) and
water ad libitum. The experiments were conducted in
accordance with the standards established by the Guide
for the Care and Use of Laboratory Animals at Toyama
Medical and Pharmaceutical University.

2.4. Cell culture

According to the method of Lefkowitz et al. [15], mice
were injected intraperitoneally with 1.5 mL of 4% thio-
glycollate broth. After 4 days the animals were killed by
cervical dislocation. Peritoneal lavage was performed
using cold RPMI 1640 medium. Peritoneal macrophages
were centrifuged at 1000 g for 2 min at room temperature,
and the sedimented cells were resuspended at a density of
1 x 10° mL~" in 5% FBS-supplemented RPMI 1640 med-
ium. The cell suspension was added to each well of a 6- or
96-well tissue culture plate. After 2 hr of incubation in a
humidified 5% CO, atmosphere at 37°, the medium was
removed and cells were washed with PBS to remove those
that were nonadherent. The required concentration of
sanguiin H-6 or aminoguanidine with 10 pg/mL of LPS
was then added to each well. The plates were incubated in a
humidified 5% CO, atmosphere at 37° for 24 hr. Aliquots
of the medium were used for determination of NO and cell
viability. Nitrite was used as an indicator of NO production
and was measured by a microplate assay method based on
the Griess reaction [16]. Cell viability was estimated by the
MTT assay [17]. For the assay of cell lysates, the cells were
washed three times with PBS, scraped into cold PBS, and
centrifuged at 500 g for 10 min at 4°. The cell pellet
obtained was resuspended in 0.5 mL of 40 mM Tris buffer
(pH 8) containing 5 pg/mL of pepstatin A, 1 pg/mL of
chymostatin, 5 pg/mL of aprotinin and 100 uM phenyl-
methylsulfonyl fluoride, and then was lysed by three
freeze—thaw cycles. Aliquots of the lysate were used for
the determination of iNOS activity, and for protein assay.
iNOS activity was measured as described previously [18].
Briefly, 10-20 pg of cell lysate protein was incubated in
20 mM Tris—HCI (pH 7.9), containing 4 uM FAD, 4 uM
tetrahydrobiopterin, 3 mM DTT, and 2 mM each of L-Arg
and NADPH. The reaction was carried out in duplicate for
180 min at 37° in 96-well plates. Residual NADPH was
oxidized enzymatically with 10 U/mL of LDH and 5 mM
sodium pyruvate in a final volume of 130 pL, by incubating
forafurther 5 min at 37°, and the Griess assay was performed
asabove. Protein was determined by the micro-biuret method
[19], with bovine serum albumin as a standard.

2.5. RT-PCR analysis of iNOS mRNA

Macrophages (1 x 10° cells) were cultured with 10 pg/
mL of LPS and sanguiin H-6 for 24 hr. Total RNA was

extracted from the cell pellet with isogen according to the
manufacturer’s instructions. The RT reaction mixture
(10 pL), containing 5 ng of total RNA, 2 pL. of RT buffer
(5%), 1mM dNTP mix, 20 mM DTT, 1 uM oligo-dT
primer, 2 U of RNase inhibitor and 200 U of RNase
H-reverse transcriptase, was incubated at 42° for 60 min.
The reaction was stopped by heating at 70° for 10 min.
RT-generated cDNA encoding the iNOS and glyceralde-
hyde-3-phosphate-dehydrogenase (GAPDH) (as an inter-
nal standard) genes was amplified using PCR. The iNOS
primers (sense 5'-CAACCAGTATTATGGCTCCT-3', anti-
sense 5'-GTGACAGCCCGGTCTTTCCA-3’) and GAPDH
primers (sense 5'-CCAAGGTCATCCATGACAAC-3, anti-
sense 5-TTACTCCTTGGAGGCCCATGT-3') were pur-
chased from Nissinseihun. The 10-pL reaction mixture
contained 1 pl. of PCR buffer (10x), 2.2 mM MgCl,,
0.25 mM dNTP mix, 0.25 pL. each of iNOS and GAPDH
cDNA primers, 1.25 U of recombinant Tag DNA polymer-
ase, and 0.5 pL of RT product. The reaction consisted of 1
cycle at 94° for 5 min and then 30 cycles (1 min denatura-
tion at 94°, 1 min annealing at 54°, and a 2-min extension at
72°) on a programmable thermal controller (GeneAmp™
PCR, System 9600, Perkin-Elmer). The PCR products were
subjected to 3% agarose gel electrophoresis and stained
with ethidium bromide. The luminescence intensity of the
DNA bands was measured using a Bio-Rad densitometer
(model GS-670) with Molecular Analyst software.

2.6. Scavenging effect on sodium nitroprusside-released
NO radical

According to the method of Rao [20], sodium nitroprus-
side (5 mM) in PBS was mixed with different concentra-
tions of sanguiin H-6 dissolved in 50 mM phosphate buffer,
before being incubated at 25° for 150 min. The amount of
NO produced by sodium nitroprusside was assayed by
measuring the accumulation of nitrite, using a microplate
assay method based on the Griess reaction.

2.7. Statistics

Results were assessed by analysis of variance, followed
by Dunnett’s test. Significance was accepted at P < 0.05.

3. Results

3.1. Effect of sanguiin H-6 on nitrite production
in macrophages

Stimulation of macrophages with LPS elicited the accu-
mulation of 49.86 UM nitrite, the stable end-product of
NO, in medium, and this concentration of endotoxin
reduced the cell viability (74.9% of untreated normal
cells). In contrast, the untreated normal cells had only a
small amount of nitrite accumulation (4.55 uM). When
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Table 1
Effect of sanguiin H-6 on NO production in macrophages

Group Nitrite (uM) Cell viability (%)

None 4.55 +0.34 100 + 1.3

LPS treatment
Control 49.86 + 1.44° 74.9 4+ 2.4°
Sanguiin H-6 (12.5 uM) 15.60 + 0.50° 82.9 + 3.6°¢
Sanguiin H-6 (25 pM) 12.08 + 0.96°¢ 94.7 + 1.3%¢
Sanguiin H-6 (50 pM) 7.75 £+ 0.49%¢ 107.6 + 3.9¢
Aminoguanidine (50 pM) 11.72 £ 0.53%¢ 76 £+ 2.7°

Statistical significance: *P < 0.05, ®P < 0.01, and P < 0.01 vs.
non-treatment values; dp < 0.01, and °P < 0.001 vs. LPS treatment
control values. Values are mean = SEM, N = 6.

macrophages were cultured with LPS in addition to dif-
ferent concentrations of sanguiin H-6, the nitrite accumu-
lation was inhibited substantially in a concentration-
dependent manner, as shown in Table 1. The inhibition
induced by 50 uM aminoguanidine resembled that found
with 25 uM sanguiin H-6. However, it was determined
that the cytotoxic effect of LPS could be attenuated by
incubation with sanguiin H-6, with the cell viability
improving significantly. Although aminoguanidine did
improve cell viability to a minor extent, it appeared to
have no ameliorative effect on the cytotoxicity caused by
LPS (Table 1).

3.2. Effect of sanguiin H-6 on the expression of iNOS
mRNA in macrophages

After a 24-hr incubation, iNOS mRNA expression was
detected by electrophoretic analysis of the PCR products,
and the results are shown at the top of Fig. 2. Unstimulated
macrophages expressed little iNOS mRNA. In contrast,
LPS stimulation induced a large amount of iNOS mRNA
expression. Addition of sanguiin H-6 significantly sup-
pressed the iNOS mRNA expression induced by LPS. The
optical density scanning and normalized results of the
electrophoretic photographs (the bottom graph in Fig. 2)
showed that iNOS mRNA expression in the LPS-stimu-
lated control was about 13-fold higher than in unstimulated
macrophages, whereas in the presence of 12.5, 25, and
50 uM sanguiin H-6 this remarkable increase in the
amount of iNOS mRNA was decreased to approximately
50, 24, and 17% of the LPS-stimulated control value,
respectively.

3.3. Effect of sanguiin H-6 on enzyme activities of iNOS

A low level of iNOS activity was detected in LPS-
unstimulated macrophages (5.87 pmol/mg protein/min),
and this was increased about 4.4-fold, up to 25.98 pmol/
mg protein/min by LPS stimulation, as shown in Table 2.
Sanguiin H-6 inhibited the iNOS activity induced by LPS
stimulation. This inhibitory effect was relatively weak at
12.5 uM, with a decrease of about 23%. However, the
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Fig. 2. Effect of sanguiin H-6 on iNOS mRNA expression in activated
macrophages. (1) 50 bp marker DNA; (2) no treatment (control); (3) LPS-
treated control; (4) LPS-treated sanguiin H-6 (12.5 uM); (5) LPS-treated
sanguiin H-6 (25 pM); and (6) LPS-treated sanguiin H-6 (50 pM). Values
are mean = SEM, N = 6.

inhibitory effect significantly increased to 62% at a con-
centration of 25 uM, and to 73% at 50 pM.

3.4. Effect of sanguiin H-6 on NO generation
from sodium nitroprusside

Using the NO donor sodium nitroprusside, a significant
amount of nitrite was formed by the reaction of oxygen
with the NO produced from sodium nitroprusside.
However, sanguiin H-6 inhibited this formation in a con-
centration-dependent manner, as shown in Table 3. NO
production was only 4.78 uM when the concentration of
sanguiin H-6 was increased to 100 pM.

Table 2
Effect of sanguiin H-6 on iNOS enzyme activity
Group iNOS (pmol/mg protein/min)
None 5.87 £ 0.96
LPS treatment
Control 25.98 & 3.65
Sanguiin H-6 (12.5 pM) 19.98 + 2.725¢
Sanguiin H-6 (25 pM) 9.80 £ 0.75*¢
Sanguiin H-6 (50 uM) 7.01 + 1.10°
Aminoguanidine (50 pM) 9.75 + 0.61*¢

Statistical significance: *P < 0.05, and °P < 0.001 vs. non-treatment
values; P < 0.001 vs. LPS treatment control values. Values are
mean = SEM, N = 6.
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Table 3
Effect of sanguiin H-6 on NO generation from sodium nitroprusside
Sample Concentration NO (uM)* Percent
(uM) inhibition®
Sanguiin H-6 2.5 8.29 £ 0.07 37
5 8.16 £ 0.09 37.9
12.5 8.07 £ 0.10 38.6
25 7.69 £ 0.07 415
50 6.91 + 0.10 47.5
100 478 £+ 0.05 63.7
Control - 13.15 £ 0.11

Values are mean = SEM, N = 5.

* All treated NO values were statistically significant (P < 0.001) vs.
control values.

® Percent inhibition = A/B x 100 (A: individual value of NO produc-
tion obtained in each group; B: control value).

4. Discussion

NO has various functions, and it exerts undesirable
effects as well as physiologically important ones. In this
connection, various attempts have been made to suppress
the undesirable actions of NO, while leaving its favorable
actions intact (or even facilitating them). Since the unfa-
vorable actions of NO are attributable mainly to the NO
produced by iNOS, a number of inhibitors for the suppres-
sion of iNOS induction or specific inhibition of its enzy-
matic activity have been developed. Many of these
inhibitors are analogues of the substrate 1-Arg. On the
other hand, glucocorticoids such as dexamethasone, which
are known to have a variety of actions, are effective in
suppressing the induction of iNOS [21-23], although they
are not specific for NOS.

Sanguiin H-6, the component examined in the present
study, is the hydrolyzed tannin isolated from the crude drug
Sanguisorbae Radix [24,25]. The present study found that
this compound not only inhibited the expression of iNOS
mRNA in a concentration-dependent manner, but also
inhibited iNOS activity, demonstrating for the first time
that a compound of this kind can inhibit the iNOS activity
mediated by iNOS mRNA. However, the inhibitory
mechanism of sanguiin H-6 remains to be fully elucidated.
More specifically, it still remains unclear whether sanguiin
H-6 inhibits the induction of iNOS mRNA by a direct
action on LPS, or indirectly through the production/release
of cytokines, where it could act on the signal transduction
pathways involved in cytokine production by tyrosine
kinases, or alternatively inhibit the phosphorylation of
proteins induced by the cytokines themselves. Although
the expression of iNOS mRNA and the iNOS activity were
suppressed more as the concentration of sanguiin H-6 was
increased, the production of NO was suppressed markedly
even at a low concentration of this agent, suggesting
the possibility that sanguiin H-6 directly eliminated NO.
In another experiment using the NO donor sodium nitro-
prusside, sanguiin H-6 even at a low concentration was

found to eliminate NO. These findings suggest that san-
guiin H-6 has the capacity to directly eliminate NO and to
suppress the iNOS gene-mediated system. However, the
precise mechanism remains to be determined by further
study.

The efficacy of aminoguanidine, an iNOS-selective
inhibitor, in endotoxin shock has been reported [26].
Sanguiin H-6 at a concentration of 25 uM showed an effect
equivalent to that of 50 pM aminoguanidine. Aminogua-
nidine resulted in no improvement in cell viability, which
decreased in the presence of LPS, whereas sanguiin H-6
improved cell viability in a concentration-dependent man-
ner, reducing the toxicity of LPS. Moncada et al. [1] have
shown that the iNOS expressed in inflammatory cells
produces a large amount of NO, and this not only acts
as an effector for the non-specific defense mechanism, but
also possibly damages normal cells, serving as an effector
for autocytoclasis in autoimmune disease. Therefore, the
ideal NOS inhibitor should not affect the favorable actions
of NO and possibly may enhance them, blocking only the
harmful actions. Currently, the available findings on san-
guiin H-6 suggest that this agent has such an ideal activity.
Although the exact mechanism has not been clarified, it
may be a promising approach for the development of a safe
selective iNOS inhibitor.

According to Narita et al. [27], in a renal injury model
mediated by the immune reaction NO is the mediator of
mesangial fusion, and inhibition of the NO production can
reduce glomerular injury, which leads to subsequent glo-
merulosclerosis and tubular interstitium damage. Thus, it
has been suggested that in renal injury mediated by the
immune reaction, inhibition of the L-Arg/NO system at the
initial stage may be a useful therapeutic measure. Although
clarification of the effects of sanguiin H-6 on renal failure
requires further investigation, it has become apparent that
Sanguisorbae Radix extract significantly improves the high
levels of NO and deteriorated renal function after LPS
administration, and, in addition, it inhibits the iNOS
activity in renal tissue. It is also known that Sanguisorbae
Radix extract not only eliminates peroxynitrite but also
reduces oxidative injury in the kidney [28-30], suggesting
the importance of sanguiin H-6 in the treatment of renal
injury. With this in mind, we intend to carry out further
investigations on the role of sanguiin H-6 in vivo.
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