
in vivo 26：・ 259-264(2012) 

Comparative Study of Biological Activity of Three Commercial 
Products of Sasa senanensis Rehder Leaf Extract 

HIROSHI SAKAGAMI1人SHOKOIWAMOT02, TOMOHIKO MATSUTA2’KAZUE SATOH1,3 

CHIYAKO SHI恥1ADA1, TAISEI KANA恥10T04’SHIGEMITERAKUB04, HIDEKI NAKASHI民1A4,

YURIKA MORITA5, ATSUKO OHKUB05, TADASHI TSUDA5, KATSUYOSHI SUNAGA5, 

MADOKA KITAJIMA 6, HIROSHI OIZU恥116and TAKAAKI OIZUMI6 

1 Division of Pharmacology and 2 Meikai Pharmaco-Medical Laboratory, 

Meikai University School of Dentistry, Sa知do,Saitama, Japan; 

3Department of Anatomy, School of Medicine, Showa University, Tokyo, Japan; 

4Department of Microbiology, St. Marianna University School of Medicine, Kanagawa, Japan; 

5Department of Clinical Dietetics and Human Nutrition, Faculty of 

Pharmaceutical Sciences, Josai University, Sakado, Saitama, Japan; 

6Daiwa Biological Research Institute Co., Ltd., Kanagawα，lapαn 

Abstract. Background: We have preνiously reported that 

alkaline extract of Sasa senanensis leανes (SE) has several 

biological activities characteristic of lignin-carbohydrate 

complex (LCC). In the present study, we compared the 

biological activのofthree commercially available products of 

SE (products A, B and C). Materiαls and Methods: Cell 

viabiliηof mock-infected, HIドiψcted,UV-irradiated cells 

was determined by 3イ4,5-dimethylthiazol-2-yl )-2 ,5-
diphenyltetrazalium bromide method. Radical intensity was 

determined by electron spin resonance spectroscopy. 

Cytochrome P-450 (CYP)3A4 activity was measured by (3-
hydroxylation of testosterone in human recombinant CYP3A4. 

Results: Product A is a pure SE that contains Fe( II)-

chlorophyllin, whereαs products B and C contain Cu(II)-

chlorophyllin and less LCC. Product C is supplemented with 

ginseng and pine (Pin us densiflora) leaf extracts. Product A 

exhibited 5拘ldhigher anti-HIV, 4-fold higher anti-UV, 5-fold 

higher hydro刀lradical-scavenging, and 3内ldlower CYP3A4 

inhibitory activities as compared to those of product B, and 5-

fold higher, 1.5-jold higher, comparable，αnd 7-fold lower 

act iiノities,respectively, as compared to those of product C. 

Conclusion: The present study demonstrates for the first time 

the superiority of product A oνer products B and C, suggesting 

the beneficial roleザLCCand Fe(ll)-chlorophyllin. 
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Alkaline巴xtractof the leaves of Sasa senanensis Rehder 

(SE) or Sasa albo-marginata Makino et Shibata (SASA-

Health⑧） (Daiwa Biological Research Institute Co., Ltd., 

Kanagawa, Japan) has been r巴cognizedas over the count巴r

(OTC) drug effective in treating fatigue, low appetite, 

halitosis, body odour and stomatitis. These beneficial 

clinical effects of SE have been partially supported by the 

following in νitro activities: e.g., antiseptic (1), membrane-

stabilising (2), anti-inflammatory (3 5), antibacterial (6, 7), 

anti viral (6, 7), anti-UV (8) and radical-scavenging ( 4, 7, 

9) activities, and syn巴rgisticaction with vitamin C (6). 

Among th巴s巴activities,anti-HIV and antトUVactivity, and 

synergism with vitamin C are characteristic of lignin-

carbohydrate compl巴x(LCC) (10). We recently found that 

nearly 70% of SE components wer巴elutedas a single peak 

on higルperformance liquid chromatography (HPLC), 

suggesting that multiple components of SE may be 

associated with each other in the native state or after 

巴xtractionwith alkaline solution (7). 

The OTC drugs are classified into three groups (I, II and 

III) in Japan. The safety of OTC drugs increases in the order 

of l<IIくIII(11). SE, which belongs to Group III, is expected to 

be I巴sshazardous, as compared with Kampo Medicines, which 

belong to Group II. In Japan, three commercial products of SE 

(products A, B and C) are available in drug stores. Product A 

is a 100% pure extract of Sasa senanensis R巴hdercontaining 

Fe(II)-chlorophyllin, in which Mg(II) in th巴centreis replaced 

by Fe(II) by adding FeC12・ProductsB and C contain Cu(II)-

chlorophyllin and l巴sseramount of LCC. Product C is 

supplemented with ginseng extract (1.8 mg/ml) and pine 

(Pinus densiflora) leaf extract (3 mg/ml), with paraben as a 

preservative. Here, we compared the biological activity of 

products A, B and C for the first time. 
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To our knowledge there has been no study that has 

investigated the effect of SE on cytochrome P-450 

(CYP)3A activity. We recently reported that the CYP3A-

inhibitory activity of SE (product A) was significantly 

lower than the one observ巴d in grapefruit juice and 

chlorophyllin (7). We also compared the thre巴productsfor 

their CYP3A4-inhibitory activity, using grap巴 juiceas a 

positive control (12). 

Materials and Methods 

Materials. The following chemicals and reagents were obtained from 
the indicated companies: Dulb巴cco’smodified Eagle’S medium 

(DMEM) (Gibco BRL, Grand Island, NY, USA); fetal bovines巴rum
(FBS), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylt巴凶zoliumbromide 

(MTT), hypoxanthin巴（HX),xanthin巴oxidase(XOD), diethylenetria 
minepentaacetic acid (DETAPAC), 5,5 dimethyl-1-pyrroline-N-oxide 
(DMPO) (Dojin, Kumamoto, Japan); RPMI 1640 medium, 

azidothymidine (AZT), 2' ,3にdideoxycytidine(ddC) (Sigma Chemical 
Co. St. Louis, MO, USA); dimethyl sulfoxide (DMSO), dextran 

sulfate (5 kDa) (W：水oPure Chemical Ind., Ltd., Osaka, Japan); 
sodium ascorbate (Tokyo Chemical Industry Co., Ltd., Tokyo, Japan); 

curdlan sulfate (79 kDa; Ajinomoto Co. Inc., Tokyo, Japan) 
Product A (SE) was prepar巴dand supplied by Daiwa Biological 

Research Institut巴Co.Ltd., Kawasaki, Kanagawa, Japan. Product B 
was purchased from Sunchlon Co. Ltd., Ueda-shi, Nagano, Japan. 

Product C was purchased from Wakanyaku Medical Institute, Ltd., 
Shinjuku-ku, Tokyo, Japan. One millilitre of products A, Band C was 
freeze dried to produce powder (66.1, 77.6 and 28.5 mg, respectively) 

Assay for anti-HIV activity. Human T cell leukemia virus I (HTLV-
I)-b巴aringCD4 positive human T c巴IIline, MT-4 cells, were 

cultur巴dinRPMI 1640 medium supplemented with 10% FBS and 
infected with HIV-lurn at a multiplicity of infection of 0.01. HIV-
and mock-infected (control) MT-4 cells (3×[Q4 cells/96-microwell) 

were incubated for five days with different concentrations of product 

samples and the relative viabl巴cellnumber was determined by MτT 
assay. The concentration that reduced the viable cell number of the 
uninfected cells by 50% (CC50) and the concentration that increased 
the viable cell numb巴rof the HIV-infected c巴llsup to the 50% 
compared to the one of control (mock-infected, untreated) cells 
(EC50), were determined from the dos巴ーr巴sponsecurve with mock-
infected and HIV-infected cells, respectively. The anti-HIV activity 

was evaluated by the selectivity index (SI), which was calculated 

using the following equation: SI=CCsolEC5o (13) 

Assay of anti-UV actiνity. HSC-2 c巴!ls(provided by Prof. Nagumo, 

Showa University) were inoculated into 96-microwell plates (3×103 
cells/well, 0.1 ml/well) and incubated for 48 hours to allow cell 

attachment. The culture supernatant was replaced with lOO μI 

phosphate buffered saline without calcium and magnesium [PBS（一）］
出atcontained different concentrations of products, plac巴dat 21 cm 

distance from a UV lamp (wavelength: 253.7 nm) and exposed to UV 
irradiation (6 J/m2/min) for I min. The cells were then incubated for 

a further 48 hours in DMEM containing l0% FBS to determine出e
relative viable cell number by the MTT assay. From the dose-response 

curve, the CC50 and the concentration that increased th巴viabilityof 
UV-irradiated cells up to 50% compared to that of control 

( unirradiat巴d,untreated) cells (EC50) were determined. Th巴SIwas 
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determined using the following equation: SI=CC50/EC50 (14, 15). 

Radical-scavenging activity. The free radical intensity was 
det巴rmined at 25°C, using electron spin resonance (ESR) 

spectroscopy (JEOL JES REIX, X-band, 100 kHz modulation 
frequency, JEOL Ltd., Tokyo, Japan) (16). The instrument settings 

were: centre field, 335.5 ± 5.0 mT; microwave power, 16 mW; 

modulation amplitude, 0.1 mT: gain, 630; time constant, 0.03 sand 
scanning time, 2 min. 

For th巴 determinationof the superoxide anion (in the form of 

DMPO-OOH), produced by the HX-XOD reaction (total volume: 
200凶） [2 mM HX in 0.1 M phosphate buffer (PB) (pH 7.4) 50 μl, 

0.5 mM  DETAPAC 20 μl, 8% DMPO 30 μI, sample (in PB) 40 μI, 
PB 30 μl, XOD (0.5 U/ml in PB) 30 μl], the time constant was 

chang巴dto 0.03 s (16). 
For the determination of th巴 hydroxylradical (in the form of 

DMPO OH), produced by the Fenton reaction (200 μl) (1 mM  

F巴S04(containing 0.2 mM DETAPAC) 50 μI, 0.1 M PB (pH 7.4) 

50 μI, 92 mM DMPO 20 μl, sample (in H20) 50 μl, l mM  H202, 
30 μl], the gain was changed to 160 (16). 

The concentration that reduced the radical intensity of DMPO-

OOH and DMPO-OH by 50% (IC50) was determined by the dose-
response curve. 

Measurement of CYP3A4 activiり人CYP3A4activity was measured by 
B-hydroxylation of t巴stosteron巴 inhuman recombinant CYP3A4 
(Cypex Ltd., Dundee, U.K.). The reaction mixture, containing 200 mM 

potassium phosphate buffer (pH 7.4), NADPH regenerating system 
( 1.3 mM  NADPH, 1.3 mM  glucose-6-phosphate, 0.2 U/ml glucose-6-
phosphate d巴hydrogenase,and 3.3 mM  MgCl2) along with 0, O.Ql, 0.1, 

0.5, l.O and 2% of出eproduct samples or vehicle (DMSO) and the 
human recombinant CYP3A4 (16.5 pmol/ml), was preincubat巴dat 

37°C for 2 min. The reaction was started by the addition of 300ドM
testosterone substrat巴s.The final volume of the reaction mixture was 

250 μl with a final DMSO concentration of 2%. The reaction was 

stopped by the addition of 500 μl ethyl ac巴tateafter 15 min. After 
centrifugation (15,000×g, 5 min), 400凶ofsupernatant was collected, 

dried, and resuspended in 200 μl of methanol. Analyses of the 
metabolites were perfo口nedby HPLC (JASCO PU2089, AS2057, 
UV2075, ChromNAV) equipped with TSK gel ODS-120A, 4.6 mm 
ID×25 cm, 5 μm column (TOSOH, Tokyo, Japan). The mobile phase 
consisted of 70% methanol and 30% water. The metabolites were 

separated using an isocratic method at a flow rate of 1.0 ml/min 
Quantification of the metabolites was performed by comparing the 
HPLC peak area at 254 nm to the one of l lαprog巴sterone,the 

internal standard. The retention times for 6B-hydroxytestosterone and 

1 lα－progesterone were appro氾mately5.0 and 6.7 min, resp巴ctively.

The conc巴ntrationthat inhibit巴dth巴CYP3A4activity by 50% (IC50) 
was det巴rrnin巴dfrom the dose-respons巴curve

Statistical analysis. Experimental values were expressed as the 

m巴an±standarddeviation (SD). Statistical analysis was performed 

by using Student’s t-test. A p-value <0.05 was considered to be 

significant. 

R回 ults

Anti-HIV actiνity. Products A, B and C all effi巴ctivelydose-

dependently reduced the cytopathic effect of HIV infection 

(closed symbols in Figure 1), although their anti-HIV activity 



Radical-scavenging actiνity. Products A, B and C dose-

dependently reduced the intensity of superoxide anion (02 -) 

(detected as DMPO-OOH) generated by HX and XOD 

reaction (Figure 3A). The potency of 02 scavenging 

activity of the three products was comparable: product A 

(IC50=0.46 mg/ml), product B (IC50=0.52 mg/ml) and 

product C (IC50=0.54 mg/ml) (Table III). 

Products A, B and C dose-dependently reduced th巴

intensity of hydroxyl radical （・OH)(detected as DMPO-OH) 

generat巴dby the Fenton reaction (Figure 3B). The potency 

Repeated巴xperimentgave a similar order of potency of thes巴

products [product A (SI=21.1) >product C (SI=>l2.4) 

>product B (SI=5.l)] (Exp. II, Table II). The anti-UV activity 

of product A was approximately 59% of that of vitamin C 

(SI=33.2), as positiv巴control(Table II). 
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CC50. 50% Cytotoxic concentration; EC50：・ 50%e百ectiveconcentration; 
SI: selectivity index. 

Table II. Ami UV activi砂ofthree commercial products of Sasa senanensts 

Rehder extract. Each νalue was determined from the dose-response curve 

with triplicate assay in experiments I and fl (Figure 2). 

Table I. Anti-HIV actiνity of three commercial products of Sasa 

senanensis Rehder extract. Eαch value was determined from the dose-

response curνe in Figure I 

CC50: 50% Cytotoxic concentration; EC50. 50% e仔ectiveconcen位at1on;
SI: selectivity index; DS: dextran sulfate, CRDS: curdlan sulfate, AZT: 
azidothymidine, ddC: 2’，3' -dideoxycytidine 
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CCso 
(mg/ml) 

12.4 
0.735 
6.18 

12.0 
1.83 

>5.70 
9.3 

5.465 
0.666 
4.083 

CC50 

137.78 
504.56 
230.70 
2766.19 

Exp. 1 
Product A 
Product B 
Product C 

Exp. 2 
Product A 
Product B 
Product C 

Sodium ascorbate (mM) 

DS (μg/ml) 
CRDS (μg/ml) 
AZT（μ加1)
ddC （州）

Product A(%) 
Product B (%) 
Product C (%) 

Test material 

Anti-UV activiη. We recently reported that UV irradiat10n 

induced non-apoptotic cell death in HSC-2 cells, without 

induction of caspase-3 activation and intemucleosomal DNA 

fragm巴ntation(14). Products A, B and Call dose-depend巴ntly

reduced UV-induced cytotoxicity (Figure 2). The potency of 

anti-UV activity was in the order of product A (SI=l8.4) 

>product C (SI=12.6) >product B (SI=3.7) (Exp. I, Table II). 

was much lower than th巴oneof the positive controls [dextran 

sulfate (SI=l378), curdlan sulfate (SI=5606), azidothymidine 

(SI=17746), 2’3’－dideoxycytidine (SI=S 123)] (Table I). The 

potency of anti-HIV activity was in the order of product A 

(SI=607) >product C (SI=ll7) >product B (SI=lll). 

Figure 1 Anti-HIV activity of three commercial products of Sasa 
senanensis Rehder extract. HIV-I ms-infected (HIV+) and mock infected 

(HIV-) MT-4 cells were incubated for 5 days with the indicated 

concentrations of products A (upper panel), B (center panel) and C 

(lower pαnel) and the viable cell number was determined by the MTT 

assay and expressed as a percentage that of the control. Data represent 

the mean±standard deνiationfrom triplicate assays. ft should be noted 

that product C exhibited a weak cytostaticξffect at lower concentrations 

(indicated by dotted circle). 
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Figure 2. Anti UV activity of three commercial products of Sasa senanensis Rehder extract. HSC-2 cells were exposed (UV+) or not (UV-) to UV 

irradiαtion (6 Jlm2/min) for 1 min in PBS(-) containing the indicated concentration.< of products A (upper panel), B (center panel), and C (lower 

panel), and then were cultured for 48 hours. Viable cell number was then determined by MIT assay and eχpressed as a percentage that of the control 

(non-irradiated and incubated without SE). Experiments we陀 performedtwice (Exps. I and II), and each ν・alue rep陀 sentsthe mean±S.D. of triplicate 

assays. It should be noted that product C exhibited a weak cytostatic effect at lower concentrations (indicated by dotted area). SI: selectivity index. 

of products A and C was comparable with each other 

(IC50=2.l and 1.9 mg/ml, respectively), but 4-fold higher 

than that of product B (IC50=8.0 mg/ml) (Table III). 

CYP3A4-inhibitory activity. Products A, B and C dose-

dependently inh耐 tedthe 。－hydroxylationof回 tosterone,

generally used for the assay of CYP3A4 activity (Figure 4 and 

Table IV). Product C exhibited the highest CYP3A4-inhibitory 

activity (IC50=58 μg/ml), followed by product B (IC50= 124 

μg/ml) and then product A (IC50=403 μg/ml). Product B 

inhibited the CYP3A4 to an extent similar to that attained by 

Cu(II)-chlorophyllin (7); product A inhibited CYP3A4 to 

lower extent than that achieved by grapefruit juice (7). 

Discussion 

The present study demonstrated for the first tim巴 thatall 

three SE products exhibited potent anti-HIV, anti-UV and 

radical-scavenging activity. All these data are summarized in 

Table V. Product A was found to have 4 to 5-fold higher anti-

HIV, anti-UV and ・OHradical-scavenging activity as 
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compared with product B. This suggests the beneficial role 

of LCC and F巴（II)-chlorophyllin.Product C was found to 

have much higher biological activity than product B, 

possibly due to the supplementation of gins巴ngand pine 

(Pinus densiflora) leaf extracts, but the potency of product 

C was still less than that of product A. 

The present study also demonstrated that the CYP3A4 

inhibitory activity of product C was nearly 7-fold higher 

compared to the on巴 ofproduct A. This suggests that 

product C may better enhance the bioavailability of drugs 

(especially, CYP3A substrates) that are administered 

together with it, as compared with product A, and thus it is 

important to perform therapeutic drug monitoring of product 

C to minimize the possible side-effects of an accompanying 

drug that is metabolized by CYP3A. It should be noted that 

lower concentrations of product C (0.02-2.5%) exhibit巴d

slight, but reproducible cytotostatic activity (indicated by 

dotted circles in Figures 1 and 2). Further experiments紅 e

required to identify the cytostatic principle (whether it is the 

exogenous plant extracts or preservativ巴）.All data suggest 

the superiority of product A over products B and C. 
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Figure 4. CYP3A4 inhibitory activのofproducts A, B and C. Each νalue 

represents the mean孟SD.of triplicate assays. *p<0.05 relative to the 

control (0%). 

Table IV CYP3A4 inhibitory activity of three commercial products of 
Sasa senanensis Rehder extract. Each value was calculated from the 

dose-response curve in Figure 4. 
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0.61% (403 μg/ml) 
0.16% (124 μg/ml) 
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Reference substances [see (7)] 
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Cu (II) chlorophyllm 
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Figure 3. Effect of products A, B and C on the radical intens旬。f
superoxide anion radical, measured as DMPO-OOH produced by 

hypoxanthine-xanthine oxidase reaction (A) and hydroxyl radical, 

measured as DMPO OH produced by Fenton reaction (B). Each νalue 

represents the mean±SD. of triplicate assays. *pく0.05 relative to the 

control (0%) 

Table III. Radical scaνenging activity of three commercial products of 
Sas a senanensis Rehder extract. Each value was calculated from the 

data of Fi伊 tre3 

IC50: The concentration that inhibits the CYP3A4 activity by 50%. 

•OH-Scavenging 
activity (IC50) 

02--Scavengmg 

activity (IC50) Table V. Summary of biological activities of three SE products 

Relative biological activity 
(% of product A) 

3.2% (2.l mg/ml) 
10.3% (8.0 mg/ml) 
6.6% (1.9 mg/ml) 

0.69% (0.46 mg/ml) 
0.67% (0.52 mg/ml) 
1.9% (0.54 mg/ml) 

Product A 
Product B 
Product C 

Product C Product B Product A 
IC50: The concentration that reduced the radical intensity by 50%. 

activity together with the antioxidant and the anti-

inflammatory activity of product A suggest its possible 

applicability to the prevention of or therapy for virally 

mediated diseases. 
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Supplementation of ginseng and pine (Pinus densiflora) leaf 

extracts cannot compensate for the loss of LCC 

(unpublished data), indicating that the pur巴 SEis sufficient 

alone for expressing its full biological activity, and the 

effects of any manipulation (such as removal of LCC) and 

supplementation with other plant extracts should be 

carefully considered. 

Product A had much higher anti-HIV activity (SI=639) as 

compared with tricin (SI=27), a potent anti-human 

cytomegalovirus agent (17), and luteolin glycosides ( 18) 

(SI=2～7) from Sasa senanensis Rehder. The potent anti-viral 
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Although OTC drugs, categorized as Group III, are the 

least hazardous, it may be preferable to test their safety 

before marketing, using inνitro biological assay systems 

such as the ones that are d巴scribedin this study. 
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