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Figure 1.
One of the major pieces of evidence that desmoglein 1 is the pemphigus foliaceus antigen.

2-dimensional gel electrophoresis of extracts of epidermis followed by immunoblotting with
pemphigus foliaceus serum and an anti-desmoglein 1 antibody shows that both identify
spots with the same migration, convincing proof that both bind the same protein. (From,
Koulu, L., Kusumi, A., Steinberg, M.S., Klaus Kovtun, V., and Stanley, J.R. 1984. Human
autoantibodies against a desmosomal core protein in pemphigus foliaceus. J. Exp. Med.
160:1509-1518).

J Invest Dermatol. Author manuscript; available in PMC 2012 September 1.

_81V



Page 18

Amagai and Stanley

Figure 2.
Original data from the cloning of pemphigus vulgaris antigen. A) Purified Agt11 expression

phage that contain cDNA for pemphigus vulgaris antigen. A single clone multiplies in
bacteria, and all its offspring were blotted to nitrocellulose. All resultant clones stain
positively with pemphigus vulgaris sera. The cDNA was sequenced to show that the protein
produced was desmoglein 3. B) John Stanley (left) and Masayuki Amagai on the day in
1991 when the pemphigus vulgaris antigen clone was identified. (Amagai, M., Klaus-
Kovtun, V., and Stanley, J.R. 1991. Autoantibodies against a novel epithelial cadherin in
pemphigus vulgaris, a disease of cell adhesion. Cell 67:869-877.)
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Figure 3.
A monoclonal, monovalent anti-desmoglein 1 antibody cloned from a pemphigus foliaceus

patient causes typical histology of pemphigus foliaceus when injected into normal human

skin organ culture.
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Figure 4.
Coomassie blue gel showing cleavage of the 84-kD extracellular domain of desmoglein 1 to

a 50 kD and 34 kD fragment, increasing with time of incubation with exfoliative toxin A.
(Hanakawa, Y., Schechter, N.M., Lin, C., Nishifuji, K., Amagai, M., and Stanley, J.R. 2004.
Enzymatic and molecular characteristics of the efficiency and specificity of exfoliative toxin
cleavage of desmoglein 1. J. Biol. Chem. 279:5268-5277.)
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Table 1

Desmogleins targeted in human diseases

Isoform Type Diseases

desmoglein 1 autoimmune pemphgius foliaceus
pemphigus vulgaris (mucocutaneous type)
paraneoplastic pemphigus

infection staphylococcal scalded skin syndrome
bullous impetigo
genetic striate palmoplantar keratoderma
desmoglein 2 infection respiratory and urinary tract infection (receptors for adenovirus serotypes 3, 7, 11, and 14)
genetic arrythmogenic right ventricular cardiomyopathy

dilated cardiomyopathy

desmoglein 3  autoimmune pemphigus vulgaris (mucosal dominant type, mucocutaneous type)
paraneoplastic pemphigus

desmoglein 4  genetic hypotrichosis
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Letter to the Editor

Genetic polymorphisms in the IL22 gene are
associated with psoriasis vulgaris in a Japanese
population

Keywords:
Genetic polymorphisms; IL22 gene;
Psoriasis vulgaris; Japanese population

To the Editor,

Psoriasis vulgaris (PsV) is an inflammatory skin disease
histologically characterized by epidermal hyperplasia, inflamma-
tory cell infiltration and vascular changes in which T-lymphocytes
and associated cytokines play a central role [1]. A dysregulated
cutaneous immune response occurs in genetically susceptible
individuals and the features of inflammation are characterized by
tumor necrosis factor (TNF)-a dependence and exaggerated helper
Tcell 1(Th1)and 17 (Th17) activation. Interleukin (IL)-22 is an IL-
10 family cytokine member produced by Th17 cells and plays arole
in the promotion of inflammation and tissue repair at barrier
surfaces [2]. IL-22 is required for Th17 cell-mediated pathology in a
mouse model of psoriasis-like skin inflammation [3], and
circulating IL-22 levels are significantly higher in psoriatic patients
than in normal subjects [4,5]. Atopic dermatitis (AD) is a chronic,
relapsing inflammatory skin disease that is basically considered to
be a Th-2 type disease. However, a recent study suggests a possible
role of Th17 cells in AD [6]. The study has shown that the number of
Th17 cells is increased in the peripheral blood and acute lesional
skin of AD and that IL-17 and IL-22 synergistically enhance the
production of IL-8 from keratinocytes [6]. Since there are few
genetic studies of the polymorphisms of IL22 in populations of
Asian and European ancestry, we conducted association studies to
assess whether IL22 gene variants contribute to the susceptibility
to PsV or AD in a Japanese population.

We recruited a total of 236 patients with PsV (mean age 53,11~
85 years, male:female ratio=1.0:2.8), and all subjects were
diagnosed by clinical and histopathological findings. A total of
916 patients with AD (mean age 30, 3-77 years, male:female
ratio=1.0:2.2) and 844 controls (mean age 50, 20-75 years,
male:female ratio=1.0:1.3) were recruited as described [7].
Patients with AD were diagnosed according to the criteria of
Hanifin and Rajka, and control subjects were never diagnosed with
AD or PsV. All individuals were unrelated Japanese and gave
written informed consent to participate in the study. The study
was approved by the ethical committees at the Institute of Physical
and Chemical Research (RIKEN), the University of Tokyo and the

Jikei University School of Medicine. Genomic DNA was prepared in
accordance with standard protocols.

We resequenced the IL22 gene regions with genomic DNA from
36 individuals and identified a total of 32 polymorphisms (Table 1).
We next examined the linkage disequilibrium (LD) between
identified SNPs (Fig. S1). Pairwise LD coefficients D' and 1> were
calculated among the 24 SNPs with minor allele frequencies (MAF)
of greater than 5% using Haploview 4.2 (http://www.broad.
mit.edu/mpg/haploview/). We selected a total of 11 tag SNPs for
association studies using tagger in Haploview 4.2, and the 11 tag

Table 1
Frequencies of polymorphisms of the JL22 gene in a Japanese population.
SNP? Allele Location MAF®  NCBI®
1 —2479 T/C 5’-Flanking region 0.319 1s57947370
2 —2378 /T 5'-Flanking region 0.278 rs11177135
3 -2375 T/C 5'-Flanking region 0.014 rs77156535
4 -2161 GJA 5'-Flanking region 0319 rs7139027
5 —1905 AJG 5'-Flanking region 0.278 F$2227472
6 -1810 G/A 5'-Flanking region 0.319 1522274734
7 -1588 T/IA 5’-Flanking region 0.292 1522274764
8 -1536 C/T 5'-Flanking region 0.028 152227477
9 —-1394 T/C 5'-Flanking region 0.431 1522274784
10 —-1114 (T 5'-Flanking region 0.111 rs2227480
11 -1113 CIT 5’-Flanking region 0.278 152227481
12 -1089 AT/del 5'-Flanking region 0.000 rs35774195
13 ~1075 AT repeat 5'-Flanking region 0.000 rs10699698
14 —948 T/A 5’-Flanking region 0.292 152227483
15 -701 C/T 5'-Flanking region 0.111 rs2227484¢
16 -485  C[T 5'-Flanking region  0.278  rs2227485¢
17 -201 AlG 5'-Flanking region 0.014 rs141972126
18 393 T/A Intron 1 0.264 rs172247044
19 708 AlG Intron 2 0.278 rs2227491
20 1254  A/C Intron 3 0.375 rs2046068¢
21 1366 GIT Intron 3 0.028 rs3782552
22 1945 GJC Intron 4 0.014
23 2178 GJC Intron 4 0.361 rs1179251¢
24 2385 T/C Intron 4 0.097 511792509
25 2449 C/A Intron 4 0.097 rs1179249
26 2611 T/IA Intron 4 0.278 rs1012356
27 3270 C/A Intron 4 0.278 rs2227501
28 3531 AlG Intron 4 0.278 rs2227503
29 3635 T/C Intron 4 0.014 rs976748
30 5301 AT 3'-Flanking region ~ 0.097  r52227508¢
31 5433 CT/del 3’-Flanking region 0.014
32 5697 AT 3'-Flanking region 0.444 rs1182844¢

® Numbering according to the genomic sequence of IL-22 (NC_000012.11).
Position 1 is the A of the initiation codon.

> MAF (minor allele frequencies) in the screening population (N=36).

€ NCBI, number from the dbSNP of NCBI (http://www.ncbi.nlm.nih.gov/SNP/f).

4 SNPs were genotyped in this study. Genotyping of the 11 SNPs in IL-22 were
performed by the TagMan™ allele-specific amplification (TagMan-ASA) method
(Applied Biosystems) and multiplex-PCR based Invader assay (Third Wave
Technologies).
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Table 2
Summary of association results for the IL22 gene.

dbSNP allele 1/2 position Subject Genotype Total Frequency MAF 1 vs. 2 alleles
11 12 22 11 12 22 P value OR 95% Cl

152227473 Psv 130 94 10 234 0.556 0.402 0.043 0.244 0.0095 1.38 1.08-1.76
G/A AD 604 274 32 910 0.664 0.301 0.035 0.186 0.79 1.02 0.86-1.21
-1810 Control 550 262 28 840 0.655 0312 0.033 0.189

rs2227476 Psv 136 88 9 233 0.584 0.378 0.039 0.227 0.0051 143 1.11-1.84
T/A AD 633 256 26 915 0.692 0.280 0.028 0.168 0.84 1.02 0.85-1.21
—1588 Control 578 242 23 843 0.686 0.287 0.027 0.171

1s2227478 Psv 98 101 37 236 0.415 0.428 0.157 0.371 0.00014 1.51 1.22-1.88
T/C AD 470 363 82 915 0514 0.397 0.090 0.288 0.60 1.04 0.90-1.20
-1394 Control 429 353 59 841 0.510 0.420 0.070 0.280

152227484 Psv 187 41 7 235 0.796 0.174 0.030 0.117 0.30 1.18 0.86-1.64
C/T AD 735 166 12 913 0.805 0.182 0.013 0.104 0.74 1.04 0.83-1.29
-701 Control 674 154 7 835 0.807 0.184 0.008 0.101

rs2227485 Psv 92 105 38 235 0.391 0.447 0.162 0.385 0.024 1.27 1.03-1.57
C/T AD 289 447 179 915 0.316 0.489 0.196 0.440 0.84 1.01 0.89-1.16
—485 Control 258 418 163 839 0.308 0.498 0.194 0.443

rs17224704 Psv 146 82 7 235 0.621 0.349 0.030 0.204 0.023 1.35 1.04-1.75
T/A AD 653 242 18 913 0.715 0.265 0.020 0.152 0.54 1.06 0.88-1.27
393 Control 595 225 22 842 0.707 0.267 0.026 0.160

152046068 Psv 104 102 26 232 0.448 0.440 0.112 0.332 0.0018 142 1.14-1.78
AlC AD 501 342 71 914 0.548 0.374 0.078 0.265 0.69 1.03 0.89-1.20
1254 Control 458 329 53 840 0.545 0.392 0.063 0.259

rs1179251 Psv 124 85 26 235 0.528 0.362 0.111 0.291 0.54 1.07 0.86-1.34
G/C AD 454 372 90 916 0.496 0.406 0.098 0.301 0.75 1.02 0.89-1.18
2178 Control 408 351 82 841 0.485 0.417 0.098 0.306

rs1179250 PsV 134 84 17 235 0.570 0.357 0.072 0.251 0.23 1.15 0.91-1.46
T/C AD 487 354 74 915 0.532 0.387 0.081 0.274 0.77 1.02 0.88-1.19
2385 Control 439 338 66 843 0.521 0.401 0.078 0.279

2227508 Psv 187 41 7 235 0.796 0.174 0.030 0.117 0.11 1.31 0.94-1.81
T/A AD 737 162 12 911 0.809 0.178 0.013 0.102 0.32 1.12 0.90-1.40
5301 Control 694 141 7 842 0.824 0.167 0.008 0.092

rs1182844 Psv 83 108 43 234 0.355 0.462 0.184 0415 0.54 1.07 0.87-1.31
A[T AD 327 428 158 913 0.358 0.469 0.173 0.407 0.61 1.04 0.91-1.19
5697 Control 310 391 140 841 0.369 0.465 0.166 0.399

SNPs captured 24 of the 24 alleles with 1? > 0.92. We genotyped
the 11 SNPs in IL22 gene by the TagMan® SNP Genotyping Assays
(Life Technologies).

Supplementary data associated with this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.jdermsci.
2013.04.002.

The results for genotype frequencies of the 11 tag SNPs in the
case and control group are shown in Table 2. All 11 SNPs were in
Hardy-Weinberg equilibrium, and we then compared differences
in the allele frequencies by using a contingency x? test. Odds
ratios (ORs) with 95 percent confidence intervals (95% Cl) were
calculated. We applied Bonferroni corrections, the multiplication
of P values by 11, the number of tag SNPs. In the association
study, corrected P values of less than 0.05 were judged to be
significant.

We identified significant associations between IL22 gene
variants and PsV under the allelic model (rs2227478; corrected
P=0.0015; OR=1.51, rs2046068; corrected P=0.020; OR=1.42)
(Table 2). Weger et al. evaluated a total of 10 common
polymorphisms of the IL22 gene in an Austrian population and
reported po association between the variants and chronic plaque
psoriasi$ [8]. Recent genome-wide association studies (GWASs) of
PsV revealed a total of 36 psoriasis-associated regions in
individuals of European ancestry, and the regions encode several
proteins engaged in the TNF, IL-23 and IL-17 signaling pathways
[9]. However, the IL22 Jocus did not contain the susceptible regions
identified by European GWASs. Since heterogeneous association

signals are often seen among different ethnic populations, further
genetic studies using Asian populations seem to be needed for
further focusing attention of polymorphisms of the IL22 gene in
this disease. Although a validation study in an independent
population is needed, our findings imply that IL22 variants play a
role in the pathogenesis of PsV in the Japanese population.

A number of features shared by AD and PsV including a Th17
cell pathway and common gene loci, were reported [10], but we did
not find a significant association in this study between [L22 SNPs
and susceptibility to AD (P=0.32~0.84) (Table 2). Since a recent
study has shown a role of Th17 cells in exacerbation of AD [6],
genetic variants of IL22 might influence the exacerbation of the
disease rather than susceptibility to it.

In summary, our data suggested important genetic influences
of the polymorphisms in IL22 on the susceptibility to PsV but not
to AD in the Japanese population. Higher concentrations of I1L-22
are observed in the peripheral blood and tissues of patients with
PsV [2,4,5], and expression of IL-22 and IL-22-regulated genes
in keratinocytes is reduced by antipsoriatic therapies [4].
Further evaluation of the clinical significance of the susceptible
IL22 gene variants would help better understand the etiology
of PsV.
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Letter to the Editor

HLA-B*58:01 strongly associates with allopuri-
nol-induced adverse drug reactions in a Japa-
nese sample population

} CrossMark

To the Editor,

Allopurinol, an inhibitor of xanthine oxidase, is widely used for
the treatment of hyperuricemia associated with chronic gout,
acute uric acid nephropathy, recurrent uric acid stone formation,
certain enzyme/blood disorders, and cancer chemotherapy. It has
been shown that severe cutaneous adverse drug reactions (ADRs)
caused by allopurinol were strongly associated with HLA-B*58:01
in a Han Chinese sample population [1]. Odds ratio (OR) for the
association of HLA-B*58:01 with allopurinol-induced severe
cutaneous ADR in this population was 580.3 and 95% Cl was
34.4-9780.9. Although the relationship between HLA-B*58:01 and
allopurinol-induced Stevens-Johnson syndrome (SJS) and toxic
epidermal necrolysis (TEN) has subsequently been studied in
European and Japanese patients, the association was much weaker
than that reported in Han Chinese patients [2,3]. The association
study in Japanese patients was examined in only a limited number
of allopurinol-induced ADR cases. We therefore conducted a case-
controlled study to determine HLA types associated with
allopurinol-induced ADR in a Japanese sample population.

All patients were recruited from Shimane University Hospital
between 2010 and 2012. These included 7 patients with
allopurinol-induced ADR (3 patients with SJS and 4 patients with
erythema exudativum multiforme (EEM)) and 25 patients who had
been receiving allopurinol for more than 3 months without drug

eruption. Diagnoses of SJS were made according to the diagnostic
criteria established by Roujeau [4]. Allopurinol-induced ADR was
diagnosed using medical histories, indicating that symptoms
occurred within 3 months of starting allopurinol administration,
and the symptoms resolved upon the withdrawal of allopurinol. If
the patients were given other drugs, in addition to allopurinol, 3
months prior to the appearance of symptoms, a drug-induced
lymphocyte stimulation test and a patch test were performed with
allopurinol/oxypurinol. Allopurinol-induced ADRs were diagnosed
by the single medication of allopurinol in 4 of the 7 patients (No. 1,
3, 4, 7), by the positive allopurinol-induced lymphocyte stimula-
tion test in 2 of the 7 patients (No. 2, 6), and by the positive patch
test with allopurinol in the patient No. 5. The indication for which
drug had been prescribed was the level of hyperuricemia detected
in all the patients. All patients were interviewed by investigators
regarding the histories of their biological parents and grand-
parents, and were confirmed as being ethnically Japanese. This
study was approved by the ethics committee of Shimane
University Faculty of Medicine (approval no. 221).
Low-resolution HLA typing with DNA extracted from peripheral
blood was performed using the reverse sequence-specific oligo-
nucleotide with polymerase chain reaction (PCR-rSSO) method [5].
High-resolution HLA-B genotyping was determined using the
polymerase chain reaction-sequence based typing (PCR-SBT)
method [5]. Statistical analysis of the differences in each allele
frequency among patients with ADR and control subjects was
performed by Fisher’s exact test. The strength of association was
estimated by calculating the OR. The OR was determined using
Haldane’s modification, which adds 0.5 to all cells to accommodate
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Abstract

A 60-year-old Japanese woman was referred to our hospital for yellow-brown plaques accompa-
nied by ulceration on her left lower leg. Her medical history included neither diabetes mellitus nor
minor trauma. A histopathological examination of the plaques showed necrobiotic changes within
the dermal collagen surrounded by granulomas that comprised lymphocytes, histiocytes, and
giant cells. The lower dermis revealed fibrotic changes that extended into the subcutaneous tissue.
The patient’s blood glucose and glycated hemoglobin levels were within the normal ranges. We
considered a diagnosis of necrobiosis lipoidica (NL) in the absence of diabetes mellitus. We re-
viewed 116 cases of NL that were reported in the Japanese medical literature between 1986 and
2014 and found that NL onset was most common in individuals of both sexes = 60 years of age.
Previous reports that reviewed NL cases in the Japanese medical literature that were published
during the1900s indicated that NL occurs in people = 40 years of age. We suggest that the aging
population and increasingly longer life spans have increased the average age of NL onset in Japan.
With regard to treatments, there were no effective treatments, but skin grafts were curative. NL
treatment is very difficult, especially when ulcers are present; hence, we suggest that further re-
search is needed to determine effective NL treatments. '

Keywords

Peripheral Circulatory Disturbance, Ulceration, Trauma, Lower Leg

1. Introduction

Necrobiosis lipoidica (NL) is a rare and benign granulomatous disease that is associated with collagen degenera-
tion and typically affects the lower legs of women. It is characterized by well-defined ulcerated plaques with

"Corresponding author.
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indurate borders and atrophic centers that often impair patient quality of life when form ulcerations in skin le-
sions, especially in lower legs.

NL is associated with diabetes mellitus in 80% - 90% of cases. Although its pathogenesis has been discussed
in the context of diabetes mellitus, its co-occurrence with peripheral circulatory disturbances and autoimmune
disorders has yet to be established. There are no clear specific treatments for NL. Here we describe the case of a
Japanese woman who was diagnosed with NL in the absence of diabetes mellitus and report on an analysis of

116 Japanese NL cases.

2. Case Report

A 60-year-old Japanese woman was referred to our hospital in June 2014 with a 2-year history of yellow-brown
plaques on her lower left leg. The plaques had gradually worsened over time. The lesions were irregularly
shaped, well-circumscribed, atrophic yellow-brown plaques, and the largest was accompanied by a small ulcer
(Figure 1(a), Figure 1(b)). There was no leg edema, associated pain, or itching as well as no varices. Her medi-
cal history did not include diabetes mellitus, metabolic disorders, or minor trauma. She had stitched clothing for
many years and stood for long periods of time as she worked. The patient’s lesions were clinically diagnosed as
NL, and we performed a skin biopsy.

A histopathological examination showed necrobiotic changes within the dermal collagen that were sur-
rounded by granulomas that comprised lymphocytes, histiocytes, and giant cells (Figures 1(¢)-(e}). The lower
dermis revealed fibrotic changes that extended into the subcutaneous tissue. The blood vessels in that region did
not show any particularly abnormal changes. The epidermis was mildly atrophic. Laboratory test results, in-
cluding blood glucose and glycated hemoglobin levels, were within the normal ranges. A 75-goral glucose to-
lerance test produced normal results.

We treated the patient with topical corticosteroids but saw no noticeable improvement. Given the diagnosis of
NL in the absence of diabetes mellitus, we administered topical therapy that comprised alprostadil alfadex oint-
ment (0.003%). By 2 months after the treatment initiation, the lesions had decreased in size.

3. Discussion

NL is an idiopathic chronic granulomatous inflammatory disorder characterized by collagen degeneration, gra-
nuloma formation, fat deposition, and thickening of the blood vessel walls.. NL is often associated with diabetes
mellitus, thyroid dysfunction, sarcoidosis, theumatoid arthritis, inflammatory bowel disease, and peripheral cir-
culatory disturbances, and most cases of NL are idiopathic [1]. The most commonly affected regions are the pre-
tibial areas.

We reviewed 116 NL cases that were reported in the Japanese medical literature between 1986 and 2014 in-
cluding the present case. Thirteen menaged 21 - 75 years and 103 women aged 31 - 86 years were evaluated
with regard to their epidemiological data, the presence of ulcers, lesion, laboratory test results, treatment pro-
vided, and treatmenteffects. NL was considerably more frequent in women (89%) (Figure 2(a}). NL onset was
most common when people of both sexes were aged > 60 years, and the average age of NL onset was 55.5 years
in women and 56.4 years in men (Figure 2(b), Figure 2(c)). Reports from countries other than Japan indicated
that NL occurs during the third or fourth decades of life in both sexes [2]-[4] Previous reports that reviewed
NL cases in the Japanese medical literature published during the 1900s indicated that the average age range at
NL onset was the 40s in both sexes [5]. However, reports that reviewed NL cases in the Japanese medical li-
terature published during the 2000s indicated that the average age at NL onset was =50 years in both sexes [6]
[7]. We suggest that the aging population and extended lifes pans have increased the average age of NL onset in
Japan.

The incidence of diabetes mellitus among people with NL is reportedly 77% for men and 30% for women. In
48% of men, NL lesions were found in areas other than the pretibial regions, including the forearms, chest, ab-
domen, thighs, fingers, scrotum, and penis. In contrast, only 8% of women had lesions in atypical locations, in-
cluding the face, back, groin, abdomen, and chest (Figure 2(d)). We found that the presence of diabetes mellitus
with NL and atypical lesion locations occurred predominantly in men.

Of the patients whose cases were reviewed, ulceration of the NL lesions occurred in 14% and trauma pre-
ceded NL in 23% of men and in 19% of women. Although 9.4% of all of cases reviewed had neither metabolic
disorders nor trauma, they did have histories that were indicative of circulatory disturbances, which included
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standing for long periods of time while working, lymph edema of the affected parts, postoperative effects, and
varices. Although there was no history of metabolic disorders, minor trauma, edema, or varices and there were
no histopathological findings associated with the blood vessels in our case, the patient had worked for many
years stitching clothing and had stood for long periods of time while she worked. We propose that her work had
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induced peripheral circulatory disturbances that triggered collagen degeneration.

Topical corticosteroids, the mainstay of NL treatment, were used in 25 cases. Aspirin (900 - 1000 mg/day)
and dipyridamole (150 - 225 mg/day) given in combination, oral corticosteroids (20 - 30 mg/day), fludroxycor-
tide tape, and herbal preparations including modified Merry Life Powder, which comprised a thubarb and mou-
tan bark decoction, were effective, and operations comprising excisions or skin grafts were curative (Table 1).
Many cases were given several different treatment types. Topical tacrolimus was used to treat three patients with

_ No. of effectiy

No. of methods: one

Topical corticosteroids 25 11
Fludroxycortide tape (4 pg/cm?) 3 2
Moisturizer 2 0
Anti-ulcer agents 3 3
Tacrolimus 2 1
Oral corticosteroids (20 - 30 mg/day) 7 6
Tranilast 2 1
Tocopherol nicotinate 3 2
Aspirin 4 2
Herbal preparations 2 2
Ethyl icosapentate 1 1
Local injection corticosteroids 3 1
Others compression therapy 1 1
PDT (photodynamic therapy) 1 1
PUVA (psoralen plus ultraviolet) 2 1
operation (excision or skin graft) 5 5
No. of methods: two
Topical only corticosteroids plus moisturizer 4 2
Corticosteroids plus anti-ulcer agents 2 1
Tacrolimus plus corticosteroids 1 0
Oral plus topical tranilast (oral) plus corticosteroids(topical) 1 1
Aspirin (oral) plus corticosteroids(topical) 1 0
Oral only tocopherol nicotinate plus aspirin 1 1
Aspirin (900 - 1000 mg/day) and dipyridamole (150 - 225 mg/day) 5 5
Others losing weight plus topical corticosteroids 1 0
Losing weight plus maintaining adequate glucose control 2 1
Compression therapy plus topical corticosteroids 1 0
PUVA plus compression therapy 1 0
PUVA plus topical corticosteroids 1 1
Near-infrared light treatment plus topical 0.003% alprostadil alfadex ointment 1 1
No. of methods: three
Compression therapy plus topical corticosteroids plus sarpogrelate hiydrochloride 1 1
Oral tranilast plus topical corticosteroids plus compression therapy 1 1
PUVA plus compression therapy plus corticosteroid local injection 1 1
Oral corticosteroids (30 mg{day) ph?s operaﬁgn (gxcision or skin graft) 1 1
plus corticosteroidlocal injection
No. of methods:more than three
Oral clarithromycin plus oral tranilast plus topical corticosteroids 1
plus topical anti-ulcer agents plus topical 0.003% alprostadil alfadex ointment 1
Methods: unknown 23
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NL, but no notable improvements were observed. While operative procedures seem to heal NL completely, there
is a risk of relapse because of vascular damage and koebnerization; hence, we should be careful when making
treatment decisions.

4. Conclusion

Treating NL is very difficult, especially cases of ulcerated NL, and squamous cell carcinomais often associated
with ulcerated NL [8]. We suggest the need for further research to determine effective treatments for NL.
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A methanol extract from the tuberous roots of Potentilla anserina (Rosaceae) exhibited hepatoprotective
effects against p-galactosamine (p-GalN)/lipopolysaccharide-induced liver injuries in mice. Six triterpene
28-0-monoglucopyranosyl esters, potentillanosides A-F, were isolated from the extract along with 32
known compounds, including 15 triterpenes. The structures of potentillanosides A-F were determined
on the basis of spectroscopic properties and chemical evidence. Four ursane-type triterpene 28-0O-mono-
glycosyl esters, potentillanoside A (ICsq = 46.7 pM), 28-0--p-glucopyranosyl pomolic acid (ICso=9.5 -
uM), rosamutin (ICsq=35.5 uM), and kaji-ichigoside F1 (ICso=14.1 uM), inhibited p-GalN-induced
cytotoxicity in primary cultured mouse hepatocytes. Among these four triterpenes, potentillanoside A,
rosamutin, and kaji-ichigoside F1 exhibited in vivo hepatoprotective effects at doses of 50-100 mg/kg,
p.o. The mode of action was ascribable to the reduction in cytotoxicity caused by p-GalN.

© 2014 Elsevier Ltd. All rights reserved.

Introduction

The plant Potentilla anserina L. (Rosaceae) is widely distributed
in the western areas of China, particularly in the Qinghai-Tibetan
Plateau (Wang et al., 2010; Xia and You, 2011). In traditional Tibe-
tan medicine, roots of this plant have been used to treat malnutri-
tion, anemia, diarrhea, and haemorrhage (Chen et al., 2010).
Several chemical constituents of this plant, such as tannins (Schim-
mer and Lindenbaum, 1995), flavan-3-ols and flavonoids (Kombal
and Glasl, 1995), triterpenes (Chu et al., 2008; Li et al., 2003), triter-
pene glycosides (Zhao et al., 2008), polysaccharides (Chen et al,,
2010; Wang et al., 2010), and amino acids (Xia and You, 2011) have
been reported. In addition, biological activities such as antimuta-
genic (Schimmer and Lindenbaum, 1995), anti-hepatitis B virus
(Zhao et al, 2008), and immunomodulatory activities (Chen
et al., 2010) of the extracts and/or constituents have been reported.
During our studies on medicinal herbs in Tibet and Xinjiang auton-
omous regions in China, such as Cistanche tubulosa (Morikawa
et al,, 2010a,b; Pan et al,, 2010; Xie et al., 2006; Yoshikawa et al,,
2006), Punica granatum (Xie et al., 2008), and Poacynum hendersonii
(Morikawa et al., 2012), a methanol extract of the tuberous roots of
P. anserina was found to have a protective effect against liver
injuries induced by p-galactosamine (p-GalN)/lipopolysaccharide

* Corresponding author. Tel.: +81 6 6721 2332; fax: +81 6 6728 3577.
E-mail address: muracka@phar.kindai.ac,jp (0. Muraoka).

htip://dx.doi.org/10.1016/j.phytochem.2014.03.002
0031-9422/© 2014 Elsevier Ltd. All rights reserved.

(LPS) in mice. From this methanol extract, we have isolated
six new triterpene 28-O-monoglucopyranosyl esters named
potentillanosides A-F (1-6) along with 32 compounds, including
15 triterpenes (7-21). This study deals with the isolation and
structural elucidation of these new triterpenenes (1-6) and their
hepatoprotective effects and their possible mode of action.

Results and discussion

Effects of P. anserina methanol extract and its fractions on p-GalN/LPS-
induced liver injuries in mice

Dried tuberous roots of P. anserina were extracted with metha-
nol under conditions of reflux to yield a methanol extract (23.0%
from dried material). The methanol extract at a dose of 500 mg/
kg, p.o. in mice showed inhibitory effects against an increase in
serum levels of aspartate aminotransaminase (sAST) and alanine
transaminase (SALT), which are the markers of liver injuries
induced by p-GalN/LPS (Table 1). Following this, the methanol
extract was partitioned into ethyl acetate (EtOAc)-H,O mixture
(1:1, v/v) to furnish an EtOAc-soluble fraction (0.58%) and an
aqueous phase. The latter was subjected to Diaion HP-20 column
chromatography (H,O — MeOH) to yield H,0- and MeOH-eluted
fractions (21.5% and 0.73%, respectively). A bioassay-guided
fractionation established that the EtOAc-soluble and MeOH-eluted
fractions were active (percentage inhibition at 250 mg/kg, p.o.,
95.8% and 85.1%, respectively, for sAST and 97.0% and 99.1%,
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spectrum showed absorption bands at 1725, 1686, and 1655 cm™!
ascribable to carbonyl, ester carbonyl, and olefin functionalities,
and broad bands at 3470 and 1073 cm™! suggestive of a glycoside
structure. In the positive-ion FABMS, a quasimolecular ion peak
was observed at m/fz 671 [M+Na]*, and HRFABMS analysis indi-
cated the molecular formula to be CsgHsg010. The 'H and 3C
NMR spectra (pyridine-ds, Table 2), which were assigned with
the aid of DEPT, 'H-'H COSY, HMQC, and HMBC experiments
(Fig. S2), showed signals assignable to seven methyls [§ 1.03,
1.16, 1.20, 1.20, 1.37, 1.57 (3H each, all s, H3-24, 26, 25, 23, 29,
27), 1.06 (3H, d, J = 6.7 Hz, H3-30)}, a methine bearing an oxygen
function [5 4.79 (1H, dd, J = 6.5, 12.4 Hz, H-2)], an olefin [§ 5.51
(1H, dd, J=3.5, 3.5Hz, H-12)], and a ester carbony! group [6¢
176.9 (C-28)] together with a B-glucopyranosyl part [§ 6.21
(1H, d, ] = 8.1 Hz, H-1')]. The H and 'C NMR spectroscopic proper-
ties of the aglycone part were quite similar to those of 13. Only a
group of signals due to the 28-0-8-p-glucopyranosyl ester moiety
of 13 was lacking in the spectrum of 1. In the HMBC experiment,
a long-range correlation was observed between the anomeric
proton of the glucopyranosyl part and the ester carbonyl carbon.
The stereostructure was characterized by a nuclear Overhauser

enhancement spectroscopy (NOESY) experiment (Fig. S3). The
absolute stereostructure of 1 was determined by derivatizing 1 to
10 and 12 using sodium borohydride (NaBH,4) as shown in Fig. 2. Acid
hydrolysis of 1 with 5% aqueous H,SO4-1,4-dioxane (1:1, v/v) liberated
p-glucose, which was identified by HPLC analysis (Morikawa et al.,
2010a,b). On the basis of this evidence, the absolute stereostructure
of potentilllanoside A was determined as 22,192-dihydroxy-3-
oxours-12-en-28-oic acid 28-0-p-p-glucopyranosyl ester (1).
Potentillanoside B (2) was obtained as an amorphous powder.
Its molecular formula, CsgHs6010, was found to be the same as that
of 1 by HRFABMS measurement. The 'H and '*C NMR (Table 2)
spectroscopic properties were also quite similar to those of 2-oxo-
pomolic aicd 28-0-4-p-glucopyranosyl ester (15) (Table S1), except
for signals due to the A ring part of the aglycone [§ 2.31, 2.97 (1H
each, both d, J=12.4Hz, H,-1), 3.92 (1H, s, H-3); ¢ 51.6 (C-1),
213.3 (C-2), 83.1 (C-3)]. The connectivities of the hydroxy and car-
bonyl moieties in the A ring of the aglycone were characterized on
the basis of the HMBC spectrum, in which long-range correlations
were observed between: Hy-1 and C-2/C-3/C-10 (¢ 42.8); H-3 and
C-1/C-2/C-4 (8¢ 42.3); and H3-23 [§ 1.22 (3H, s)]/H3-24 [§ 0.96 (3H,
s)] and C-3/C-4/C-5 (8¢ 50.3). Reduction of 2 with NaBH, yielded 12

Table 2
"H and 3C NMR spectroscopic data (pyridine-ds) of 1 and 2.

1 2

Position I dc on ¢

1 1.35 (m) 50.2 231(d, 124) 51.6
248 (dd, 6.5, 12.5) 2.97 (d, 12.4)

2 4.79 (dd, 6.5, 12.4) 69.5 2133

3 2164 3.92 (s) 83.1

4 48.0 423

5 1.23 (br d, ca. 12) 69.5 1.99 (dd, 1.6, 12.2) 50.3

6 1.38 (m) 19.6 1.41 (m) 19.5
1.44 (m) 1.50 (m)

7 1.43 (m) 331 1.48 (m) 332
1.54 (m) . 1.72 (m)

8 40.6 411

9 1.83 (dd, 6.9, 10.7) 473 2.20 (dd, 6.9, 10.9) 47.8

10 379 42.8

11 2.06 (m) 24.1 2.00 (m) 24.0
2.09 (m) 2.06 (m)

12 551 (dd, 3.5, 3.5) 127.6 5.53 (dd, 3.8, 3.8) 128.0

13 1393 1394

14 421 421

15 1.20 (m) 29.1 1.25 (m) 292
2.40 (ddd, 3.9, 13.1, 13.6) 2.45 (m)

16 1.98 (m) 26.0 2.03 (m) 26.1
3.04 (ddd, 3.9, 13.1, 13.3) 3.07 (ddd, 4.3, 13.1, 13.2)

17 48.5 48.7

18 2.89 (brs) 54.3 293 (brs) 54.5

19 726 72.7

20 1.35 (m) 420 1.39 (m) 42.1

21 1.23 (m) 26.6 1.23 (m) 26.7
1.96 (m) 1.99 (m)

22 1.85 (m) 376 1.88 (m) 376
2.02 (m) 2.05 (m)

23 1.20 (3H, s) 252 1.22 (3H, s) 275

24 1.03 (3H, s) 21.7 0.96 (3H, s) 21.8

25 120 (3H, s) 16.0 1.06 (3H, s) 16.9

26 1.16 (3H, s) 175 1.16 (3H, s) 17.5

27 1.57 (3H, s) 245 1.64 (3H, s) 244

28 176.9 176.9

29 137 (3H, s) 27.0 138 (3H, s) 27.0

30 1.06 (3H, d, 6.7) 16.6 1.06 (3H, d, 7.2) 16.6

28-0-Glc

1 6.21 (d, 8.1) 95.7 6.27 (d, 8.0) 95.7

2’ 4.16 (dd, 7.1, 8.1) 73.9 4.21 (dd, 8.0, 8.6) 74.1

3 4.24 (dd, 7.1, 8.5) 78.8 4.28 (dd, 8.6, 8.8) 79.0

2 427 (dd, 7.9, 8.5) 713 432 (dd, 8.8,9.1) 714

5 4.00 (m) 79.0 4.04 (m) 79.2

6 4.34 (dd, 4.8, 11.6) 62.4 4.38 (dd, 4.7, 11.9) 62.4

443 (dd, 2.3, 11.6)

4.46 (dd, 2.4, 11.9)
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Reagents and conditions:

i) NaBH4 / MeOH, 0°C, 1 h, 10 (68.2%),
12 (31.5%); i) NaBH4 / MeOH, 0°C, 1 h,
50.0%; iii} 0.5% NaOMe-MeOH, r.t., 1 h,
97.2%

@l

Fig. 2. Absolute stereostructures of 1-3.

(Fig. 2), so that the absolute stereostructure of 2 was determined to
be 3a,19a-dihydroxy-2-oxours-12-en-28-oic acid 28-0-p-p-gluco-
pyranosyl ester.

Potentillanoside C (3) was also obtained as an amorphous
powder. Its molecular formula, C3gHggO11, was determined by a
HRFABMS measurement. Its 'H and **C NMR (Table 3) spectro-
scopic properties were quite similar to those of rosamutin (10)
(Table S2), except for signals due to an acetyl group [é 1.95 (3H,
s); 6c-170.8 and 20.7]. The connectivity of the acetyl group was
clarified by HMBC experiments, which showed a long-range corre-
lation between the 6'-position of the glucopyranosyl part [§ 4.76
(1H, m), 4.86 (1H, dd, J=1.7, 12.2 Hz)] and the acety! carbonyl
carbon. As shown in Fig. 2, treatment of 3 with 0.5% sodium
methoxide (NaOMe)-MeOH provided 10. Consequently, the
stereostructure of 3 was elucidated to be 6'-O-acetylrosamutin.

Potentillanoside D (4) was obtained as an amorphous powder
with a positive optical rotation ([¢]7’ +22.6 in MeOH). Its posi-
tive-ion FABMS showed a quasimolecular ion peak at mfz 703
[M+H}*, and its molecular formula was determined as CsgHs6016
by HRFABMS measurement. The 'H and '3C NMR (Table 4) spectra
showed signals assignable to seven methyls [§ 1.02 (3H, d,
J=6.6 Hz, H5-30), 1.26, 1.27, 1.30, 1.55, 1.59, 1.80 (3H each, all s,
H3-25, 26, 29, 23, 24, 27)], an olefin [§ 5.55 (1H, dd, J=3.5,
3.5Hz, H-12)], two carboxy and a ester carbonyl groups [éc
174.3, 177.0, 182.3 (C-2, 28, 3)] together with a glucopyranosyl
part [6 6.24 (1H, d, J = 8.3 Hz, H-1')]. As shown in Fig. 3, alkaline
hydrolysis of 4 with 5% aqueous potassium hydroxide (KOH)-
1,4-dioxane (1:1, v/v) furnished cecropiacic acid (17). Finally, the
position of the g-p-glucopyranosyl ester was determined on the ba-
sis of a HMBC experiment, in which a long-range correlation was
observed between H-1' and C-28. Thus the connected position
was unambiguously clarified, and structure 4 was elucidated to
be cecropiacic acid 28-0-g-p-glucopyranosyl ester. The 'H and
13C NMR (Table 4) spectroscopic properties of potentillanoside E
(5) were quite similar to those of 4, except for signals due to the
carbomethoxy group [6 3.68 (3H, s)]. In the HMBC experiment, a
long-range correlation was observed between the carbomethoxy
proton and C-3 (6¢ 179.8). As shown in Fig. 3, methylation of 4
and 5 with trimethylsilyldiazomethane (TMSCHN,) gave the
common dimethyl ester (4a). Thus, the stereostructure of 5 was
clarified to be as shown.

Potentillanoside F (6) was obtained as an amorphous powder
with a positive optical rotation ([0]2° + 46.9 in MeOH). Its molecu-
lar formula, C3eHs5011, was determined by HRFABMS measure-
ment {m/z 689.3877 [M+Na]" (calcd for CsgHss0,1Na, 689.3883)}.
The acid hydrolysis of 6 liberated p-glucose, which was identified
by HPLC analysis. The 'H and '*C NMR (Table 5) spectra of 6
showed signals assignable to five methyls [§ 0.98, 1.00, 1.04,
1.12, 1.14 (3H each, all s, H3-25, 29, 24, 27, 26)], two hydroxymeth-
yls {6 3.60 (2H, s, H,-30), [3.70, 4.17 (1H each, both d, ] = 10.4 Hz),
H>-23]}, and two methines bearing oxygen functions [6 4.18 (1H, d,
J=9.4Hz, H-3), 4.24 (1H, m, H-2)] together with a glucopyranosyi
part [§ 6.32 (1H, d, J=8.1 Hz, H-1')]. As shown in Fig. 4, a '"H-'H
COSY experiment indicated the presence of partial structures writ-
ten in bold lines. In the HMBC experiment, long-range correlations
were observed between the following protons and carbons; (H-3
and C-4/C-23/C-24; H-5 and C-4/C-10/C-23/C-24; H,-7 and C-8;
H-9 and C-10; Hx-12 and C-13; H»-15 and C-14; H,-16 and C-17;
H>-19 and C-13/C-18/C-20; H»-21 and C-20; H>-22 and C-17/C-
28; H-23 and C-3/C-4/C-5/C-24; Hs-24 and C-3/C-4/C-5/C-23;
Hz-25 and C-1/C-5/C-9/C-10; H3-26 and C-7/C-8/C-9/C-14; H3-27
and C-8/C-13/C-14; Hs-29 and C-19/C-20/C-21/C-30; H»-30 and
C-19/C-20/C-21/C-29; H-1' and C-28), respectively. Next, the ste-
reostructure was characterized by a NOESY experiment, which
showed NOE correlations between the following proton pairs;
{H-1e [6 1.36 (m)] and H-3; H-2 and Hs-24/H3-25; H-3 and
H-5/H;-23; H-5 and H-7a [§ 1.54 (m)]/H-9/H>-23; H-68 [§ 1.37
(m)] and Hs-26; H-9 and H-122 [§ 1.88 (m)]|/H3-27; H-118 [
1.28 (m)] and Hs-25; H-1200 and Hs-27; H-158 [6 2.10 (m)] and
Hs3-26; H-160 [§ 1.61 (m)] and H-22¢ [6 1.50 (br dd, J=ca. 13,
14 Hz)]/H3-27/H3-29; H-2200 and Hs-29; Hs-24 and Hs-25;
Hs-25 and Hs-26}. Consequently, the structure of 6 was elucidated
as 20,3p,30-trihydroxy-olean-13(18)-en-28-oic acid 28-0-f-p-
glucopyranosyl ester.

Effects on p-GalN-induced cytotoxicity in primary cultured mouse
hepatocytes

p-GalN/LPS-induced liver injuries are known to develop through
immunological responses (Freudenberg and Galanos, 1991) that
progress via two steps. First, expression of inhibitors against
apoptosis (IAPs) is inhibited by administration of p-GalN through
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Table 3
H and "3C NMR spectroscopic data (pyridine-ds) of 3.
3
Position Sn éc
1 1.27 (brd, ca. 13) 48.1
226 (dd, 4.5, 12.5)
2 4.09 (dd, 4.5, 9.4) 68.7
3 3.37(d, 94) 84.0
4 39.9
5 1.07 (m) 56.1
6 145 (m) 19.1
1.56 (m)
7 1.47 (m) 336
1.66 (m)
8 40.7
9 1.94 (m) 47.9
10 38.6
11 2.13(2H, m) 24.2
12 5.55(dd, 3.5, 3.5) 128.5
13 1393
14 42.2
15 1.25 (m) 292
2.43 (ddd, 4.7, 13.0, 14.1)
16 2.00 (m) 26.2
3.06 (ddd, 4.4, 13.0, 13.2)
17 48.8
18 2.92 (brs) 54.4
19 72.7
20 1.33 (m) 42.1
21 1.22 (m) 26.7
1.96 (m)
22 1.96 (m) 37.8
2.07 (m)
23 1.25(3H, s) 294
24 1.09 (3H, s) 17.6
25 1.10 (3H, s) 17.1
26 1.19 (3H, s) 17.6
27 1.66 (3H, s) 24.6
28 176.9
29 1.37 (3H,s) 27.0
30 1.04 (3H, d, 6.5) 16.6
28-0-Glc
1 6.22 (d, 7.9) 95.7
b 421(dd, 7.9, 8.9) 74.0
3 425 (dd, 8.0, 8.9) 78.7
¥ 411 (m) 712
5 411 (m) 76.1
6 4.76 {m) 64.5
4.86(dd, 1.7,12.2)
6'-0-Ac 170.8
1.95 (3H, s) 20.7
depletion of uridine triphosphate in hepatocytes. Second,

pro-inflammatory mediators, such as nitric oxide (NO) and tumor
necrosis factor-a (TNF-z), are released from LPS-activated
macrophages (Kupffer’s cells). Apoptosis of hepatocytes by TNF-o
is reported to play an important role in this p-GalN/LPS-induced
liver injury (Josephs et al,, 2000). In a previous investigation of
compounds from natural medicines possessing hepatoprotective
activity, it was reported that sesquiterpenes and diarylheptanoids
from Curcuma zedoaria (Morikawa et al., 2002), acid amides from
Piper chaba (Matsuda et al,, 2008) and acylated phenylethanoids
from C. tubulosa (Morikawa et al., 2010a) exhibited significant pro-
tective effects against liver injuries induced by p-GalN/LPS in mice.
In addition, these constituents were found to reduce p-GalN-in-
duced cytotoxicity in primary cultured hepatocytes. Because a
methanol extract of the tuberous roots of P. anserina also exhibited
hepatoprotective effects in this study, the inhibitory effects of its
constituents on p-GalN/LPS-induced cytotoxicity were examined
in primary cultured mouse hepatocytes by the 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Thus, we
found that the following four triterpenes: potentillanoside A (1,
IC50=46.7 uM), tormentic acid (9, 9.5puM), rosamutin (10,

35.5 uM), and kaji-ichigoside F1 (12, 14.1 uM) and gallic acid
methylester (53.7 uM), (+)-catechin (17.7 uM), (+)-gallocatechin
(18.4 uM), (+)-catechin 7-O-B-p-glucopyranoside (55.4 uM), and
quercetin 3-O-p-p-glucopyranoside (34.2 uM) exhibited significant
activity. Among the triterpene constituents, the potency of 9, 10,
and 12 was higher than that of silybin (38.8 uM), a commercially
available positive control (Fehér et al., 1989; Skottova and Krec-
man, 1998) (Table 6).

Effects on LPS-activated NO production in mouse peritoneal
macrophages

Effects of the isolates on NO production were examined to
provide an index for estimation of macrophage activating levels
in LPS-treated mouse peritoneal macrophages. Thus, it was found
that pomolic acid (7, ICso=33.1 uM), 28-O-p-p-glucopyranosyl
pomolic acid (8, 91.9 pM), 9 (68.4 uM), 2a-hydroxyursolic acid
(16, 21.1 uM), and maslinic acid (18, 30.1 pM) significantly
inhibited NO production (Table 7). The potencies of 7, 16, and
18 were equivalent to that of NC-monomethyl-i-arginine (i-
NMMA, 36.0 uM), a NO synthase inhibitor, but were lower than
that of caffeic acid phenethyl ester (CAPE, 11.0 uM), an inhibitor
of nuclear factor-xB activation (Morikawa et al., 2011). Thus,
these compounds were found to prevent overproductions of
NO from LPS-activated macrophages.

Effects on TNF-a~-induced cytotoxicity in L929 cells

To examine the effects of the constituents on TNF-o-induced
cytotoxicity, the viability of L929 cells, a TNF-o-sensitive cell line
(Kouroku et al,, 2000), under the presence of the constituents
was examined. Thus, it was found that only 8 (ICso = 25.5 uM) sig-
nificantly improved cell viability (Table 8).

Effects of principal triterpenes (1, 7, 9, 10, and 12) on p-GalN/LPS-
induced liver injuries in mice

Finally, the effects of the principal triterpenes: potentillano-
side A (1), pomolic acid (7), tormentic acid (9), rosamutin (10),
and kaji-ichigoside F1 (12) on p-GalN/LPS-induced liver injuries
in mice were examined. Three ursane-type triterpene 28-O-
monoglycosyl esters (1, 10, and 12) were found to significantly
inhibit the increase in both sAST and sALT levels induced by p-
GalN/LPS in mice at doses of 50-100 mg/kg, p.o. In particular,
the inhibitory activity of 1 was significant and was as potent
as curcumin, a positive control (Morikawa et al, 2002)
(Table 9).

Concluding remarks

In conclusion, a methanol extracts from the tuberous roots of P.
anserina exhibited protective effects against liver injuries induced
by p-GalN/LPS in mice. From the extract, six new triterpene 28-
O-monoglucopyranosyl esters, potentillanosides A-F (1-6) were
isolated along with 32 known compounds, including 15 triterpenes
(7-21). Among the isolated constituents, three ursane-type triter-
pene 28-0O-monoglycosyl esters (1, 10, and 12) showed in vivo
hepatoprotective effects at doses of 50-100 mg/kg, p.o. On the ba-
sis of in vitro studies, the following plausible mechanisms of action
for the hepatoprotective effect can be proposed: (i) reduction of
both p-GalN and TNF-a-induced cytotoxicity (8), (ii) reduction of
p-GalN induced cytotoxicity (1, 10, and 12), and (iii) inhibition of
LPS-activated macrophage activation (7, 9, 16, and 18). However,
the detailed mechanisms of action for the hepatoprotective effect
need to be studied further.
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