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  Moutan  Cortex  and  Paeoniae  Radix  were  examined  for their content  of  paeono] by a  com-

bination of  enfieurage  method  used  in perfume  industry and  chromatographic  technique. A

very  small  amount  of paeono] was  eMciently  detected by the present method  without  interfer-
ence  by coexisting  foreign substances  as  encountered  in conventional  extraction  methods,  Ad-

dition of  4-methoxyacetophenone  as  an  internal standard  facilitated the  quantitative determina-

tion of  paeonol in these  crude  drugs. The  presence ofO,025YC  by weight  ofpaeonol  was  dem-

onstrated  by the present method  in Paeoniae Radix, which  was  about  11100 that in Moutan

Cortex. ]t was  also shown  that the paeonol content  was  higher in portions near  the coTtex  in

both paeony  root  and  Moutan Cortex.

Keywordspaeonol;  Moutan  Cortex; Paeoniae  Raclix; enfieurage  method;HPLCanalysis

  Moutan  Cortex  (root bark of  Paeoniae moutan  SiMs (Paeoniaceae)) and  Paeoniae Radix (root of

Paeonia  inctijlora PALLAs  (Paeoniaceae)) are  important crude  drugs in Chinese traditional medicine.

Paeono]  is considered  to be one  of  the  effective  components  in Moutan  Cortex,i} but Paeoniae Radix

has not  been shown  to contain  paeonol. Although some  authors  quoted2} that paeonol is contained

in Paeoniae  Radix, the literature cited  therein3) shows  no  evidence  fbr the presence  of  paeonol.  In the

present investigation, we  found that sublimating  and  volatile  compounds  were  efibctively  detected by

enfieurage  chromatography,  technique  described in our  previous  communication,4}  by which  volatile

components  are  specifically  absorbed  into fat to be analyzed  effectively  by chromatography.  This paper
deals with  microdetermination  of  paeonol  in Paeoniae Radix and  Moutan  Cortex. Quantitative deter-

mination of  paeonol  was  carried  out  with  4-methoxyacetophenone as  an  internal standard.

                                     ExperimentaI

 Reagents-Paeonol  (2-hydroxy-4-methoxyacetophenone) was  purchased from  Aldrich Chemical Co. Inc,, 4-

methoxyacetophenone,  triolein, and  tripalmitine were  obtained  from  Wako  Pure  Chemicals  Co. Ltd., lactose was

purchased from  Fuiii Chemicals  Co. Ltd., and  filter papers (No. 5C, ashless)  were  supplied  by Toyo  Filter Paper

Co. Ltd.

 Plant materials-Eight  commercial  Paeoniae Radix and  one  commercial  Moutan  Cortex samples  used  in the

present work  were  kindly ofrered  by  Tochimototenkaido  Co., Ltd. These  samples  were  powdered  in porcelain

mortar  and  dried in desiccator before use,

 Apparatus-HPLC  was  conducted  with  LKB  2150  apparatus  equipped  with  a  variable  wayelength  UV  detector

(UVICORD  SD), Satisfactory separation  of  paeonol from  other  components  was  achieved  on  a  reverse  phase
column  (Spherisorb ODS,  5 "m,  4,6 mm × 15 cm)  with  a  solyent  system,  water-acetonitrile  containing  a  small

amount  ofacetic  acid.  Paeonol  was  also  detected on  normal  phase chromatography  using  a  silica  gel column

(Li-Chrosorb SI-100, 5 psm, 4,6 mm  × 15 cm)  with  a  solvent  system  hexane-ethyl acetate, but detection of  paeonol
on  the  silica  gel column  was  often  interferred by coexisting  foreign substances,  especially when  the extract  was

prepared according  to the  conventional  method.

  Procedure-One  grarn of  pulverized samples  was  placed {n a  small  petri dish (4.5 cm  in internal diameter and
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Fig, 1. The  Container for Enfieurage Method

1.5 cm  in height). For the quantitatiye analysis  of  paeonol by  the present method,  addition  ofan  internal standard
was  essential. A  certain  amount  of  4-methoxyacetophenone  dissolved in methanol  was  added  to the sample  and

then stirred well, About  O.2 g of  fat (a mixture  of  triolein:tripatmitine, 10:1) was  spread  over  a  round  filter paper
(5,5 cm  in diameter), which  was  placed on  the top of  the petri dish, The  petri dish was  closed  (Fig. 1), and  p]aced
in a  drying oven  at leOeC for 2 hr, The  filter paper was  then extracted  with  5 cm3  of  50%  aqueous  acetenitrile

in a  glass tube for 20 min  with  ultrasonication.  The extract  was  filtered through a  small  filter paper and  the fi1trate
was  used  for HPLC  analysis.

 In order  to compare  the enfleurage  extraction  techniquc  witlt  usual  extraction  method,  extracts  of  crude  drug
samples  were  prepared with  several solvents,  methanol,  ethanol,  and  ether  and  the extracts  were  subiected  to HPLC.

Results and  Discussien

  Comparison of  enfleurage  and  usual  extractien  method

  Figures 2 and  3 compare  HPLC  chromatograms  of  cenventional  extracts  from  Moutan  Cortex and
Paeoniae Radix with  those of  enfleurage  extracts.  As  shown  in these chromategrams,  the detection of

paeonol in extracts  by HPLC  was  seriously atTected  by coextracted  substances.  Thus, jn conventional
solvent  extracts  from Paeoniae Radix in which  the content  of  paeonol was  very  low the presence  ofpaeo-

nol  was  often  not  clearly  shown,  In contrast,  the enfieurage  method  proved to be much  superior and
demonstrated  the presence of  paeonol in Paeoniae Radix  and  Moutan  Cortex without  being affected
by coexisting  substances,  The  present results  suggest  that volatile  components  and  presumably sub-

limating components  are  both specifically  absorbed  by fat.

  Effbct of  temperatore

  To  determine the opt{mum  temperature  for the enfieurage  method,  samples  were  subjected  to enfleu-

rage  in drying oven  kept at  various  temperatures  for 2 hr, and  the centent  of  paeonol  in each  extract  was

measured  by HPLC,  the results  being shown  in Fig, 4. The  peak height of  paeonol increased gradually
as  the enfleurage  temperature  increased and  reached  maximum  at  100:C. Further increase in tempera-
ture brought about  slight  decrease in the  peak  height, and  the samples  coloreda  little brown. There-

fore, in the present exper{ment  the enfieurage  step  was  carried  out  at  100'C.

  Effect of  time

  To  determine the optimum  time  for the enfieurage  process, enfleurage  was  conducted  at 1000C  for a
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Fig. 2. Comparison  of  Enfleurage and  Extraction Methed  for Moutan  Cortex by HPLC  Anal-

      ysis

      A:  extracted  with  ethanol,  B: enfleurage  method.  1 : paeonol, 2: 4-methoxyacetophenone
      (internal standard).  HPLC  conditions:  Column: Spherisorb ODS,  S' ttm (4.6 mmx
      15 cm);  Eluent: acetonitrile-water-acetic  acid=100:10:O.2,  l.2 cmafmin;  Detection:

      UV  280 nrn,
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Comparison  of  Enfleurage and  Extraction Method  fo[ Paeoniae  Radix  by  HPLC  Anal-

ysesA:

 extracted  with  ether,  B: extracted  with  methanol,  C: enfleurage  method,  1 : paeonol,
2: 4-methoxyacetophenone.  For HPLC  conditions,  see  Fig. 2.
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 Dependence  of  Peak Hcight of  Paeonol on  Temperature  in Enfieurage Process

 A:  Moutan  Cortex (China), 2.5 ,ul, B: Paeoniae Radix  (Japan, No.  1 in TABLE  1), 20 pt1,
     T
     e:  mean ± S,E. n=5,
     t

 Dependence  of  

'Peak
 Height of  Paeonol on  Heating Time  in Enfleurage Process

 A: Moutan  Cortex (China), 2.5 ptl, B: Paeoniae Radix  (Japan, No.  1 in TABLE  l), 20 ftl.
     T

     e  : mean  ±S.E n==5,
     L

various  period of  time  (O,5-3.0 hr). Each  sample  was  then  analyzed  by HPLC.  As shown  in Fig. 5,
the peak height grew gradually with  the increase in the enfleurage  time. The  increase in the peak height,
however, was  not  so  great after  an  hour. Consequently, 2 hr was  considered  to  be suitable.

  Addition of  internal standard

  By  the  methed  descrjbed above,  it was  demonstrated that eyen  a very  small  amount  of  paeonol could
be specifically  detected. The  quantity of  paeonol was,  however, not  determined by this method  because
of  the poor reproducibility  even  when  the  experimental  conditions  such  as  temperature  and  time  were

strictly controlled.  In order  to overcome  this dificulty internal standard  substance  was  introduced
into the  system,  4-Methoxyacetophenone  was  chosen  as  an  internal standard  as  its structure  resembled

that ofpaeonol.  Separationofpaeonol  from  the internal standard  in HPLC  was  shown  to be quite easy
and  not  interferred by coexisting  substances.  First, a  certain  amount  of  the internal standard  dissolved
in methanol  was  added  to 1.0 g of  lactose, and  then  various  amounts  of  paeonol  dissolved in methanol
were  added  to it. Each  sample  was  mixed  well  and  subjected  to enfieurage-HPLC.  The  ratios  of  the

peak  height of  paeonol to that of  the internal standard  were  calculated  for each  sample,  and  plotted

(Fig. 6) against  the paeonol content.  A  linear calibration  graph  was  obtained,  which  showed  that quan-
titative analysis  was  possible by the jncorporation of  an  internal standard,  To  show  that this intefnal
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Fig, 6.
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TABLE  I.Content  of  Paeonol in Various Paeoniae Radix

No, Crude drug samples Paeonol  content  (mgfg)
mean  ± S.E. (n --= 5)

l2*34*5678 Japan  (Nagano)
Japan (Nara)
KoreaChina

 (Bai-Shao-Yao)
China (Chi-Shao-Yao)
China  (Chi-Shao-Yao)
Japan (Hokkaido)
North Korea

O.230,I O.O09

O.O06-V-O.oo1

O,140± O,O02

  traceO.240tO.oo4

O.234± O.O02

O.044± O.O05

  trqce

"scalded,

TABLE  II.Distribution  of  Paeonol in Different Tlssuesof Paeniae Radix

Section Paeonol  content

   (mglg)

ABC O.062O.O16O,031

n=5
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Fig. 8, Transvcrse Section of  Paeoniae  Radix

standard  method  is applicable to the practical assay  of  paeonol in crude  drug samples,  the following

experiments  were  carried  out:  A  certain  amount  of  the internal standard  was  mixed  into various  amounts

of powdered  Paeoniae Radix (O,5-2.0 g) and  then  the mixture  was  subjected  to enfleurage.  As  shown

in Fig. 7, the ratios  of  the peak height of  paeonol in Paeoniae Radix to that of  the internal standard  added

produced, when  plotted against  the amount  of  Paeoniae  Radix,  a 1inear calibration  graph, demonstrating

that the internal standard  method  is applicable  to the quantitative determination of  paeonol in crude

drugs,
  Contents of  paeonol  in Moutan  Cortex and  Paeoniae Radix

  By  using  the calibration  graph  shown  in Fig. 6, Moutan  Cortex and  Paeoniae Radix were  assayed

for their paeonol content.  The  content  of  paeonol  in Moutan  Cortex (Chinese occurrence)  was  found

to be 1,6PC by  weight,  which  was  close  to the value  reported  by other  autbors.5}  Thecontent of  paeonol

in various  Paeoniae Radix samples  are  given in TABLE  I. Paeonol  was  found to be contained  in all the

samples  tested.

  Then, Paeoniae Radix (No. 6 in TABLE  I.) was  divided into three parts as  shown  in Fig. 8, and  the con-

tent ofpaeonol  in each  part was  determined, TABLE II shows  thatalarger  portion  ofpaeonol  in Paeoniae

Radix  exists  near  the cortex  as  in the case  of  root  ef  Paeonia  moutan  SiMs,6)

  The  present study  clearly  demonstrated that volatile  and  sublimating  components  can  be selectiyely

assayed  by the present enfleurageKhromatography  technique  with  very  high sensitivity.  This tech-

nique  accordingly  provides  a  very  effective  in microdetermination  method  which  enables  detection of

such  compounds  even  when  their content  is very  low, with  no  interforence by coexisting  substances  as

encountered  in the usual  extraction  procedures.
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