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'Fhe

 minor  constituents  of  a Chinese medicine.  Persicae semen  (Ibunin), were

 investlgated and  fbur newly  isoiated compounds  were  characterized  as mande]ic  acid

 glycosides (gentiobioside and  glucopyranoside) and  benzyt glycosides (gentiobioside and

 glucopyranoside) based on  their spectral  analysis.  These glycosides were  quantified by

  HPLC  along  with  the cyanogenic  components,  amygdalin  and  prunasin, of  commercial

  samples  bought t-rom Japanese and  Chincse markets.  Although  the composition  of

  commercial  Persicae semen  from  ditferent markets  did not  ditfer remarkably,  the  amygdalin

 content  varied  significantly.  The composition  and  quantity ofglyeosides  in Persicae semen

  difllered slightly  from that of  a  related  medicine,  Armeniacae  semen  (Kyounin), which

  contained  much  less benzyE gentiobiosidie than  any  of  the crude  Persicae semen,  and  no

  ben7.ylglucopyranoside.

    Keywords: Persicae semen;  Prunus  persica;

glycoside; quantitative analysis; Armenia¢ ae semen

   A  Chinese medicme,  Persicae semen  (Tounm,
faoren in Chinese), which  consists  of  the dried seeds  of

Prunus  persica (L.) Batsch or P. persica Batsch var,
tlavidiana  Maxim.  (Rosaceae), is an  important

ingredient in various  Kampo  prescriptions that arc  used

to treat women's  diseases. such  as  Toukakujouki-to

(Tlao he cheng  qi tang)  and  Keishi-bukuryo-gan (Gui zhi
fu ling wan).  Persicae semen  is frequently used  to treat

"Oketsu"
 syndrome  (a syndrome  caused  by  bloQd

stagnation).  
'['he

 extract of  Persicae semen  has various

pharrnacological activities. For example,  it inhibits thc

hind paw  edema  induccd by carrageenan  in rats,i}  it

inhibits granuloma formation induced by felt-pellet

implantation in rats,2) it has anticoagtilant  cfTects,3)  and  it

inhibits platelet aggregation.4)  ln spite of  its popularity
in Chinese medicine,  little is known  of  its chemical

censtituents  other  than that it eontains  twe cyanogenic

glycosides. amygdalin  (1 ) and  prunasin (2). and  sterols.5}

Here. we  rcport  thc  isolatien and  characterization  offour

minor  compounds  (3-6) from  this traditional rned{cine.

mandelic  acid  glycoside; benzyl

The quantitative analysis  by IIPLC  ofthose  compounds

along  with 1 and  2 in Persicae semen  and  related

traditional medicincs  (Persicae fios (Hakutouka,
Baitaohua), dried leaves ofR  persica (Momonoha), and

Arnieniacac semen  (Kyounin, Xingren)) bought from

Chinese and  Japanese markets  is also described,

         RESU  LTS  AND  DJSCUSSION

 Extraction and  Characterization of  the

Components

 Commercial Persicae semen  was  homogenized in 70%

aqueous  EtOH. HPI.C analysis  of  the homogenate

revealed  several minor  peaks besides the two peaks

attributable to 1 and  2 (Fig. 1). 
'I'he

 concentrated

homogenate was  extracted  successively  with  hexane,

EtOAc, and  n-BuOH.  The n-BuOH  soluble  ftaction,
which  had an  HI'LC  prefile similar  to that of  the

homogenatc, was  then  separated  by  column

chromatography  over  Diaion HP-20 with  water  and

aqueous  EtOH  fo11owed by preparative HPLC,  and

(18)
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yielded four minor  components  (3-6).
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HPLC  Profile of  the aqueous  EtOH  extract

from Persicae Semen (No. 18)
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ConstituentsofPersicaeSemen

  Compound  3 was  shown  to have the  molecular  formula

C]oH2sOB by high-resolution mass  spectroscopy

(HRMS)(mz  499.1451 (M+Na)'}. 
'Ihe

 
]H-

 and
i3C-]VMR

 spectra of3  were  very  similar  to thosc  of  l,

except  forthe presence ofa  carboxyl  group instead ofthe

nitrile  group ln 1. identifying 3 as  amygdalinic  acid

(mandelic acid  gentiobioside) (3).6) Similarly, cornpound

4 was  identified as  mandelic  acid  P-D-glucopyranoslde
(4) 

7)
 by speclral  analyses,  The  R configuration  at  the C-2

of  both 3 and  4 was  confirmed  by the formation of

R-(-)-mande]ic acid  on  acid  hydrolysis, Cornpounds 5

and  6 were  identified as  benzyi B-gentiobioside (5) 
8)
 and

benzyl B-D-glucopyranoside (6), 
"}
 respectively,  by

comparing  their phys{cochemical data with  data reported

in the literature (Fig. 2). Ofthe  fbur, compound  3 has

been reported  as  a  synthetic  product 
5)
 and  5 was  known

only  as a metabolite  from cell  cultures  of  lycopensicon
esc'utentum8). This is the first report  on  the iso]ation and

characterization  of  giycosides 3-6 from Persicae semen.

Since the physicochemical data of3  and  4, including the
i3c-NMR

 spectral assignments,  in the literature are

incomplete, we  describe these data in the Experimental
section,  not  only  to provide evidence  forthe identification
ofeach  compound,  but also  fbr fu11 characterization,

  Interestingly, when  Persicae semen  was  extracted  with

boiLing water  (Method 3), amygdalin  (1) was  partly
converted  to neoamygda]in  (S-mandelonitrile-B-gentio-
bioside) (la) to form a  mixture  with  a l/1 ratio,  The
TH-NMR

 spectrum  of  la, which  was  separated  by

preparative HPLC, could  nearly  be superimposed  ofi that

of  1; the only  feature distinguishing la was  a  lower field

shifi ofthe  H-2  signal by O. 1S ppm  compared  with  that of

1 (6 5.8l-. 5.96). This is reported  to be diagnostic ofthe

cQnfiguration  at C-2 ofamygdalin.6)  The  identity of  la

was  confirmed  by comparing  the NMR  data with  data
reported  for synthetic  la.6) This result  indicates that

amygdafin  exists  as  a  mixture  ofdiastereoisomers  at  C-2
in decoctions ofKampo  prescriptions containing  Pers{cae

semen,

  Quantitative Anatysis of  Cemmerciat Persicae

Semen

  Usually, glycosides in plants are  hydrolyzed

enzymatically  when  the p}ants are harvested or extracts

are  prepared. Befbre analyzing  the amount  of  each

component  in commercially  available  traditional

medicines  bought from severa]  markets,  we  first
exarnined  the  difference in the  quantities of  the

constituents  in extracts  prepared with  and  without  heat

(methods 2 and  1, respectively). As expected.  twice  the

Table 1, Quantities of  Glycesides in Persicae Semen

        (No. 18) extracts  prepared by Methods 1 and  2

Compound Method  1Method  2

123456 1.257%O,091%O.134%O.O13%O145%O.O06%2.840%O.039%O.360%O.032%O.322%O.O04%

(19)
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抽 ble　2．　Quantities　ofGlycosides 　1−6　in　Pcrsicae　Semen　Sarnplcs　from　Japanese　and 　Chinese　Markets（％）

No ． Market　Location 1 2 3 4 5 6
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ameunt 　of 　all　the　components 　except 　lbr　prunasin（2）was

extracted 　 using 　 method 　2　 versus 　 mcthod 　 1 （
Fl’
able 　1）．

Theref（）re．　fbr　qumtitative　HPLC 　analysis ，　extracts 　ofthe

commercial 　traditional　medicines σable　2）were 　prepared
by　mcthod 　2．　Using　the　ealibrat｛on 　cufves 　shown 　in　Fig．3，

glycosides　l−6　were 　subjected 　to　quantitative　analysis 　by
I王PLC ．　　The 　results 　are 　sunuriarized 　in　Table　2．
Glycosides　i．6　were 　detected　in　a】I　samples 　of　Persicae

semen ．　 The　 amygdalin ω content 　 varied 　 from　 1．57−

5．85％．However，　there　was 　almost 　no 　difference　in　the

（20）
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content  of  1 in Tounin and  San-tounin (seeds of  Pr'tmu,s

persiea Batsch var.  dovicfiana Maxim.  ; samples  4, 1 5. and

l7 in Table 2). although  the latter has sma]ler  size  with

more  rouncl  shape  than  the  former.
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Fig. 3. Calibration curves  for 1-6/ e  1; A  2; -  3; O  4;

       A5M6

The  amygdalin  content  of  Armeniacae  semen  (Kyounin)
was  twice  as  high as that of  Persicae semen  from  the

Tokyo  Market, This is consistent  with  earlier  reports.iO)

Of  note  {s that, all ofthe  minor  components  except  for 6

were  also detected in Armeniacae  semen.  Interestingly.

compounds  1, 2, and  4 were  detected in extracts  of

cemmercial  Persicae flos (Hakutouka), and  the  yields of2

and  4 were  over  ten  times  higher than  in Persicae semen

(Table 2). The leaves of  il per,vtca contained  no

giycosides detected in Persicae semen.  These results

suggest  that a  comparison  with  more  samples  of

Armeniacae  semen.  Persicae flos and  Momonoha  shoutd

be further examined.

  This study  detected four minor  glycosides. which  are

regarded  as metabolites  of  the  cyanogenic  glycosides
amygdalin  und  prunasin, in Persicae seme"  and  most  of

them  were  also  detected in Armeniacae semen.  The

guantitative analysis  of  the components  of  samples

obtained  from  various  markets  showecl  that the  amygdalin

content  varied  significantly. This should  be considered  if

amygclalin  is the  pharmacologically active  substance  in

Persicae semen.  The  biological activity  of  the  minor

g{ycosides of  Persicac semen  is now  under  investigation,

EXPERIME]Y'rAL

General/ Optical rotations  were  measured  on  aJASCO

DIP-370  digital polarimeter. 
iH

 and  
i3C-NMR

 spectra

were  recorded  on  a Vttrian VXR-500  or BRUKER

DRX-500  (500 .MHz  for ]H  and  126 MHz  fbr i3C),  and

the chemical  shifts  are  given in 6 (pprn) values  relative

to that of  the  solvent  [acetone-tLs (6ii 2.04; 6c 29.8)] on  a

tetramethylsilanescale.

  Extraction and  Isolation/ Persicae semen  (500 g)
(Uchida Wakanyaku  Co., Ltd., Tokyo)  was  homogenized

in 70%  aqueous  EtOH  (5 i), The  concentrated

hornogenate was  successively  extracted  with  hexane (3 l),
EtOAc  (3 1), and  n-BuOH  (3 1). The n-BuOH  extract  (5.0
g) was  passed through a porous polymer  gel, Diaion

HP-20 (Mitsubishi Chemical Co,) column,  ancl the

adsorbed  materials  were  eluted  successively  with  H20, 1O

and  20%  aqueous  EtOH,  and  EtOH. These eluates were

concentrated  in vacuo  to give residues  (yields/ 2.0, 1.1,
1.4, O.1 g, respectively).  The  eluates using  10%  (O.98 g)
and  20%  (O,48 g) aqueous  EtOH  were  purified by

preparative HPLC  [Waters p-Bondasphere C-18 (5 p) 1OO
A, Ld. 19 x 1SO mm;  CH3CN-H20  (13/87, ]O/90 or 5/95)

or MeOH-H20  (15/85)] to give 1 (671.8 mg),  2 (173.7
mg),  3 (32,5 mg),  4 (37.0 mg),  5 (74,4 mg),  and  6 (l3.8
mg).Amygdalinic

 acid  (3)/ Amorphous  powdeg  [ cr ]D23 -108"

(c O.6, MeOH).  HRMS/  m,z  499.145l(M+Na)"/Calcd  for

C2oH2sOi"Na, 499,1428, ]H-NMR
 (soo MHz,

D20+acetone-c4s) 6/ 3,}7-3.24 (2H, m,  H-3', 2"),

3.26-3.31 (2H. m,  H-2', 4"). 3.31-3.38 (4H, m,  H-4', 5",

3", 5"), 3,58 (IH, dd, .El2, 5.5 IIz, H-6"), 3.73 (IH, dd,
J!12, 4 Hz, H-6'). 3.78 (IH, dd, ,7!12, 2 Hz, H-6"), 4.06

(1H, dd, ,lt12, 2 Hz. H-6'), 4.15 (IH, d, ,fL8 Hz, H-1'),

4.39 (d, J==8 Hz, H-1"), 5.24 (IIL s, H-2), 7.32-7.36 (5H,
m,  aromatic-H).  

i]C-NMR
 (126 PvffIz, D20+acetone-cCs)

6i 61 O (CJ6"). 68.6 (C-6'), 69.6 (C-4'), 69,9 (C-4"). 73,1

(CJ2･), 73.4 (C-2"), 75.4 (C-5'), 75.6  (C-3'), 76.0 (C-3"),
76.3 (C-5"), 79.0 (CJ2), 99.4 (C'1'), 103.2 (Cpl"), 128.5

(C-4, 8), 129.4 (C-5, 7), 129.9 (C.6), 135,4 (C-3), 176.0

(C.-1).

  Mandetic  acid  fi-D-glucopyranoside (4): Amorphous

powdeg [aID]3 -83e (c O.5, CsHsN). HRMS/  m,z

337.0899  (M+Na)i/ Caicd for Ci4HisOs+Na, 337.0899.
iH-ma

 (500 MHz.  pyridine-c(s) 5/ 3,79 (IH. m,  H-5'),
4 12-4 20 (2H, m,  H-2', 3'). 4.30 (IH, t, .l!9 Hz, H-4').
4.38 (IH. dd, J!12, 5, H-6'), 4.50 (IH, dd, ,lt12, 2 Hz,

H-6'), 4.96 (IH, d, ,fo8 Hz, H-1'), 5.96 (lH, s, H-2), 7.30
(1H, d, J-8 Hz), 7.35 (2H, m). 8.00 (2H, dd, te8, ].5 

'Hz).

i3C-NptG<
 (l26 MHz,  pyridine-dl)6,62.4 (C-6'), 71.3

(C-4i). 75.3 (C-2'), 78.3 (C-3,), 78.7 (C-5'), 79.8 (C-2),

(21)
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101.8 (C"lt), ]28.5 (C-6), 128.6 (C-4, 8). 128.7 (C-5, 7),
138,4 (C-3), 173.6 (C-1).
 Acid  hydrelysis of  3 a"d  4] Solution$ of3  and  4 (each
1O mg)  in 1 M  H2S04 were  heated in a water  bath for 3 h.

The reaction  mixtures  had a peak identical with  that of

R-(-)-mandelic acid, on  reversed-phase  HPLC  with  a

chirat column  [column, Chiralpak WH,  (i.d. 4.6 ×  250

mm,  Daicel Chemieal Ind., Ltd.); mobile  phase, O.25 mM

CuS04; fiow ratc,  1 ml!min;  detcction. UV  220 nm;  roorn

temp.;  retention  time, R-(-)-inandelic acid  
-m24.3

 min.,

S-( D-mandelic acid=:19.5  min.l  .

 Materisls for HPLC  analysis:  Persicae semen,

Pcrsicae flos, Persicae fblium, and  Armeniacae  semen

firom Japanese markets  were  purehased from  Uchida

Wakanyaku  Co., Ltd., 
'I'okyo.

 Persicae semen  f'rom

Chinese markets"  was  obtained  from the Ministries of

Sichuan, Ytinnan, Guizhou and,  Shanxi Previnces and

Xiaj iang Uygur and  Xizang Autonomeus region  in China,

in 2001. Vbucher specimens  (No. 1--21) are  deposited in

the Herbal Garden, Faculty of  Pharmaceutical Sciences,
OkayamaUniversity.

 Preparation  of  samples  for quantitative ana!ysis

 Afethod V: Exactly 5 g of  sample  were  directly
homogenized  in 70%  aqueous  EtOH  (100 ml)  at roorn

temperature  and  filtered. After evaperating  the  solvent,

the residue  was  dissolved in 50%  aqueous  methanQl  (1OO
ml).  One  milliliter  of  the solution  was  applied  to a

Sep-Pak Cis cartridge  (Waters), and  the column  was

eluted  with  509/6 aqueous  MeOH  (2 ml).  The eluate  was

diluted to exactly  5 m]  with  50Y6 aqueous  McOH,  and  an

aliquot  (5 pl) was  subjected  to HPLC  analysis.

 Method  2: The sample  (5 g) was  first put in hot 70%
aqueous  EtOH  (1OO ml)  and  refluxed  for ten minutes,  and

then  homogenizeci. After filtering and  evaporating  the

solvent.  thc residue  was  dissolvcd in 50%  aqueeus

methanol  (1eO ml)  and  treated in a  way  similar  to Method
1 to prepare an  HPLC  sample.

  Adbthod 3: Five grams of  finely chopped  kemels were
refluxed  in water  (100 ml)  for 2 hours. A  sample  for

I-{PLC analysis  was  prepared and  analyzed  similarly.

HPLC  conditiens  for quantitative analysis:  The IIPLC
was  perfbrmed en  a Waters HPr.C, apparatus  w'ith  a moclel

600 controt}er and  a model  486 detector (Waters) [column,
Deve}osit RPAQUEOUS  (C-30) (i.d. 4.6 x  250 mm,

Nomura  Chemieal Co. Ltd.); mobile  phase, water-aceto-

nitrile-MeOII;10:1:1;  fiow rate, l mYmin;  detection, UV
21O nm;  celumn  temperature, 40 "C],

 Calibratien curves:  Calibration curves  were  prepared

by the absolute  calibration method  using  standard

selutions  of  1-6 (O.05-O.50 pg per in.1'ectien) 1,

y =  898921x+400 (r2 =  O.99998); 2, y =-  1238145x-1290

(r2 -O.99993):  3, y ==  753347x-2182 (f ==  O.99996); 4,

y 
=,- 941262x--l32 (r2 = O.99997); 5, y= 738168x-323 (e

= O.99996); 6, y = 1350555x+80 (e = O,99997) where  y is

the peak area  and  x is the pg per injection; n=3  (Fig. 3).
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