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"Peh-huet'uwa-chi-chhau"

 (E]1tireil7g), very  important folk medicine  jn Taiwan,  has been
used  as  an  anticancer,  antitoxic  and  diuretic agent,  in the  treatment  of  cancers,  appendicitis,

enteritis,  hepatitis, eye  diseases, contusion,  furunculosis, bleeding etc.  There are  many  varieties

of  
"Peh-hue-juwa-chi-chhau''

 fbuncl on  the  Taiwan  market,  To  clarify the botanical origins

of  the commercial  drugs, histological studies  were  made.  From  the characteristics  of  the ex-

ternal structures  of the materiats,  it is found that  
"Peh-huetl'uwa-chi-chhau"

 is derived from  the

entire  plant ofthe  foIIowing species:  (1) Hkiclyetis opbesa WILLD. (2) H.  coryinbosa  LAM,  (3)
HL  teneUij7bra BLuME.  (4) Mbltugo  pentaphylla L. The  study  on  the other  comparative  Heclyotis
spp.  and  Mblh{go plants will be reported  in the next  paper, The  morphological  characteristics

of  
"Peh-hue-juwa-chi-chhau",

 Hleclyotis diffltsa WILLD., EL  corymbosa  LAM.  and  HL  teneilijlora

BLuME  frorn Taiwan  are  shown  in TABLE 1.

 Keywords Hlaclyotis spp.;  Peh-hue-juwa-chi-chhau; Rubiaceae; Taiwan  folk medicine;

botanical origin;  plant anatorny

  
"Peh-hued'uwa-chi-chhau"

 (elEAkE."i), very  important folk medicine  in Taiwan, has been used  as

an  anticancer,  antitoxic,  antipyretic,  and  diuretic agent,  in the treatment  of  cancer,  enteritis, hepatitis,

appendicitis,  eye  diseases, contusions,  furunculosis and  bleeding etc.

  
"?eh-huejuwa-chi-chhauT'

 was  believed to be derived from  the whole  herb of  Htrdvotis dij7}tsa WiLLD.2)

of  Rubiaceae by Kan,3) Hsu,`) Kao.5) However, it has not  been proved. Besides, many  varieties  of

goods on  the Taiwan  market  which  take  this name  are  difTerent from the plant. Judging from their
appearances,  tltey seem  to be derived from  Hlaclyotis spp.  of  Rubiaceae and  Moltugo sp. of  Mollugiaceae,

  The  purpose  of  this paper  is to clarify  the botanical origins  of  
"Peh-hue-juwa-chj-chhau"

 en  the Taiwan

market,  by histological studies  and  compared  it with  Hl?dvotis and  Moltergo plants found distributed in
Taiwan.2)

  The  research  about  
`tPeh-hue{uwa-chi-chhau"

 derived from M/oUtrgo spp.  and  other  comparative

fllrclyetis spp.  will be reported  in the next  paper.

                                     Experimental

 Materials:

 The samples  were  collected  from the following stores :

  l. Hu-lu-dun  Chinese Herb  Store (ZEitweqe[Prses-), Fengyuan,  Taichung  Hsien, Dec.  25. 1983. (Identified as
"Peh-hue-juwa-chi-chhau"

 A)
  2. Ssu-chih Herb  Store (eqkaifgXIE;), Taipei, May  19, 1984. (Identified as  

"Peh-hue-uwa-chi-chhau]'

 A)

  3. Chi-tsao-tang Herb Store (keckfiEM), Hsinchu, Feb, 3, 1985, (Identified as 
iiPeh-hueal'uwa-chi-chhau"

A)

  4, Fu-ben  Herb  Store (haJiggesem), Chiayi, May  3, 1984. (Identified as  
`tPeh-huetl'uwa-chi-chhau"

 A)

  5, San-huo  Herb  StQre (=-ptnrteJS), Kaohsiung,  Aug.  13, 1984. ((dentified as  
"Peh-hue-juwa-chi-chhau"

 A)

                                       (180)
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   6. Han-chiang  Herb  Store (lsulli'EfSJS), Taichung, Feb, 3, 1985. (Identified as 
"Peh-hue{uwa-chi-chhau"

 A)

   7. Fu-sheng Chinese Herb Store (askpPesEi'), Hengchun, Pintung Hsien, .Tan. 2)T, 1984. (Tdentified as  
"Peh-

huejuwa-chi-chhau'i A)

   8. Bai-he Herb  Store (tsitiiili:L,TJEI), Fangliao, Pintung Hsien, Oct. 3, 1983. (ldentified as 
d`Peh-huejuwa-

chi-chhau"  A)

   9. Lin Chinese Herb  Store (t*S:/in), Kaohsiung,  May  17, 1984. (Identified as  
"Peh-hue{uwa-chi-chhau"

 A)

  10. Yong-feng  Chinese Herb Store (i-cveesM'), Nantou  Hsien, Jul. 6, 1983. (Identified as  
'`Peh-huejuwa-

chi-chhau"  A)

  11. Tian-yuan  Chinese Stere (JIJIHgfib.,), Hsikang, Taitung Hsien, Dec. 28, 1983. (ldentified as 
"Peh-hue-

juwa-chi-chhau" A)

  12, Guang-hua Herb  Store OEII//'gfffiti), Kaohsiung,  Jan. 25, 1984. (Identified as  
`"Peh-hue-juwa-chi-chhaui'

 B)

  13. Hsin-fu-shan Herb Store (kts- [.iIgSE.)fi), Chiayi, Dec.  28, 1983. (ldentified as 
`LPeh-hue:juwa-chi-chhau"

 B)

  14. Chi-yuan-tang Herb  Store (StzagffSM), Changhua, Dec. 2S, 1983. (Identified as  
"Peh-huejuwa-chi-

chhau"  B)

  15. Chun{i Herb  Stote (#:-rfrv:;,lt(fi), Hsinchu, Dec. 21, 1983. (ldcntified as 
`"Peh-hue-juwa-chi-chhau"

 B)

  16. Yu-ming-tang  Herb  Store (ffopEIXptts), Fengshan, Kaohsiung  Hsien, Jan. 13, l985. (Identified as
"Pehhue:juwa-chi-chhau"

 B)

  17, Yong-an  Herb  Storc (rkaiF/ .L71)G'), llan, Ju]. 24, 1985, (ldentified as  
"Peh-hue-juwa-chi-chhau"

 B)

  18. First market  Cee-rtrij), Taichung, Nev.  18, 1984. (Identified as  
"Peh-huejuwa-chi-chhaui'

 C)
  Comparatiye plants
  1. Hetlyotis di.fiktsa WiLL[).

     Fangliae, Pjngtung  Hsien, Nov.  10, 1984,
     Lian-hua-chi, Nantou  Hsien, Jun. 13, 1985,

     Yin-ho-ton, Taipei  Hsien, May  8, 1983.

  2, Hedyotis eorymbosa  LAM.

     Da-shu,  Kaohsiung  Hsien, Aug.  22, 1984.

     Fangliao, Pingtung  Hsien, Nov.  10, 1984,

     Kao-shu,  Pingtung  Hsien, Apr. 20, l9S3.

     Liokuei, Kaohsiung  Hsien, Jul. 10, 1979.

  3. Hedyotis teneltij7ora BLuMli.

     Keelung, Nov. 18, 1984,
     Sun-moon-Iake, Nantou Hsien, Jun. 13. 1985,

     Yin-ho-ton, Taipei Hsien, May  8, 1983.

  External morpkology

  The  crude  drugs are usually  dried plants, but sometimes  they are  fresh plants.
  1. 

"Peh-hue-juwa-chi-chhau"
 A  and  E  diffusa Fig, 1-A.

  The  drug  occurs  in dried entire  plants or broken  pieces, or  in fresh state.  The  ]eaves are  sessile,  opposite,  ]inear

or  linear-lanceQlate, about  1 to 3 cm  Iong and  1,5 to 3 rnm  wide,  vinlets  obscure,  attenuatc  at  the  apex,  and  narrowed

at the base. The  niargin  is revolute  with  some  fine serru]atehairs.  The  herb is branched. siender,  glabrous,  about

15 to 28 cm  high and  the stem  is nearly  rounded  about  1 mm  to 1.5 mm  in diameter, The  fiowers are  white,  solitary

or  pairs in axillary  racemes,  and  the  pedicels are  about  2 to 12 mm  long. Theroots  attain  a  dlameter of  L5  to 5 mm,

  The  clried parts are  brown  to dark-green, while  the fi/esh plants  are  green,

  2. 
"Peh-hue-juwa-chi-chhau"

 B  and  R:  corgmbosa  Fig. 3-A.

  The  general morphological  chacacteristics  of H. cerymbesa  are  sirnilar  to those  of H.  d(fftrsa, but difler in the
following features:

  The  leaves ar'e linear-lanccolate, about  1 to 2.5 cm  ]ong and  2 to 5 mm  wide,  narrowly  acute  at  the apex  and  base.
The  herb aTe  rarely  scabeTulous,  about  10 to 40 cm  high and  the stems  are  definitely 4-angled. There  are  1 to 4

fiowers in ax{llary  and  terminal cymes  with  peduncles  about  5 to 12 mm  Iong and  pediccls about  3 to 1O mm  long.
 3. "Peh-hue-juwa-chi-chhau"

 C  and  IL tenelliflora Fig. 5-A.

  The  general morphological  characteristics  ofH.  teneltt17k,ra  are similar  to those ofH.  dijSVitsa, but difTer in the fo]low-
ing features:

 The Ieaves are about  2 to 3 cm  long and  2.5 to 4 mm  widc,  acute  at the  apex  and  base, Tfie herbs are  about  19
to 45 cm  high. The  flowers are  sessi[e, 1-5 clustered  and  in axitlary  spike.  The  roots  are  about  1 to 2 rnm  in diame-
ter. The dried parts areb[ackish-brown,
 Interma1 structures

  1."Peh-hue-juwa-chi-chhau" A  and  H: diffusa
 (Leaf) Fig, 1-Bi.fi

 A  transverse  section is obtained  firom 1,t'2-1,i3 portion  of  a  leaf for microscopic  observation.  The  outjine  of  trans-

verse  section  is nearly  circular.  The  cross-section  through  the  midrib  shows  that the upper  surface  is slight]y

(182)
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                Fig. 1. `[Peh-hue-juwa-chi-chhau"
 A  and  Hecb,otis dij71tsa

  A. sketch  of  the  entire  plant; B, transverse  section  of  the lea f, 1 diagram; 2-3 detailed drawing of

  midrib  and  edge;  4-6 surface  view  of  epidermis.

concave,  and  that the lower surface  is distinctly cenvex.  The  upper  epidermis  of  the  midrib  and  the  lamina con-

sists  of  a  Iayer of  elliptical  to ob[ong  cells  varying  from 70 to 120 ptm  in long d{ameter and  60 te 100 ,tem in short
diameter. The lower epidermis  of  that  is composed  of  stomata  and  ellipticai  to ovate  cells  about  10 to 50 psm  in

long diameter and  10 to 25 ptm im short  diameter, Both  upper  and  lower cpidermis ¢ s are  covered  with  a  smooth

to denticulate cuticle.  Sometimes  can  be found the thick wall  epjdermal  cel]s  near  the  margin.

  The  palisade tissue is composed  of  one  to two  layers of  cy]indrical  or oblong  cells yarying  fi:om 40 to 70 ltm  in
long diameter and  20 to 30 iim in short  diameter, somc  ce]Is  as  small  as 25 to 35 l`m  in long diameter and  20  to 25

um  in short  diameter. The  spongy  tissue consists  ef  elliptical  to polygena[ cegls  measuring  from  le to 20 ptm  in

diameter. Some  cells  in the mesophy]l  contain  calcium  oxalatein  raphjdes  about  35 to 65 "m  in length and  in clus-

tered crystals  about  IO te 25 t`m in diameter. The  vascular  bundles of  midrib  and  tateral veins  are  collatera[,  The
xylem  portion is composed  of  spiral  vessels  having a  diameter of  5 to 12,5 ltm and  wood  parenchyma cells about
IO to l5 "m  in diameter.

  Surface view  of  the upper  epidermis  reveals  pentagonal or  hexagonal to potygonal cell$ and  prickle-hairs of  non-

glandular  unicellular  cell  about  60 to 100 p`m  high; That  of  the  lower epidermis  exhibits  irregular epidermal  cells  and

elliptical  stomata  of  Rubiaceous  type,  surroundcd  by 2 neighboring  cells, The size ot' stomata  is abeut  20 te 35

,um
 in long diameter and  12.5 to 22.5 s4m in short  diameter.

  (Stem) Fig. 2-AiL2
  A  transverse section  is obtained  at a 112 portion of an  internede frorn a  stem  for rnicroscopic  observation,  The

cross-sections  are  nearIy  circular  and  show  an  outer  cortical tissue and  a  central  stele. The outermost  tissue is
epidermis  composed  of  eiliptical,  rectangu]ar  to oblong  cells  about  15 to 3S "m  in djameter and  10 to 15 -m  jn short
diameter, and  covered  with  a  dcnticulate cuticle.  The  papillae about  20  to 35 Ixm in length and  stomata  in very
smalt  number  can  be found on  the epidermis,  Beneath the epldermis,  the  cortex  consist$  of3  to 4 layers of  thin-

waiged,  circular,  elliptical  to oblong  paren¢ hyma  cells varying  from I5 to 25  JLm  in long diameter and  15 to 20 ptm
in short  diameter, The  col!aterat  vascular  bundles are  arranged  to form a ringjust  inner to the cortex.  The xylem

contains  vessels,  tracheids,  wood  parenchyma  and  wood  fibers. The  vessels are abeut  20 to 40 "m  ln diameter,
having  simple  perforations, with  pitted and  reticu[ate  thickcnings,  whose  length measure  from  225 te 490 tdn, and  175

to 257.5 ,um respectively.  The  tracheids have spiral, pitted and  scalariform  thickings  and  the  diameter of  that  are

about  15 to 20 
,itm,

 The  length ofpitted  trachieds varies  from 10e to 122.5 /im  and  that of  scalariform  tracheids

about  150 to 200 s`m, some  down  to 95 i`m, The  wood  parenchyma  cells  haye  a diameter of  15 to 30 
,txm.

 The
wood  fibers are  about  310 to 7]O ,"m

 in length und  5 to 15 /`m in diameter, The  pith, comprjsjng  the widest  part of
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              Fig. 2. 
"Peh-hue{uwa-chi-chhau"

 A  arrd  Uledyotis dtMisa

A.  transverse  sections  of  the  stem.  1. diagram;2.  detailed drawing. B, transverse sections  of

the  root.  1. diagram; 2. detaited drawing. 3. elements  of  the  xylem  of  maceration.
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the stem,  is made  up  of elliptical to ovate  parenchyma cells about  35 to 85 
,um

 in Iong diameter and  30 to 75 pm  in

short  diameter. Scattered within  the  certex  and  pith are  several  cells  containing  calcium  oxalate  in raphides  about

30 to 40  "m  in ]ength, and  clustcred  crystals  about  7.5 to 10 "tm  in diameter.
  (Root) Fig. 2-Bir2-3
  A  transver$e section  is ebtained  at a distancc of about  2 cm  from the proximal end,  The  cross-sections  appear

more  or  less circular-shaped  in outline  and  rcyeal  an  outer  cortical portion and  a  central  stele.  The  outermost

tissue is cork  layer consisting  of 3 to 5 layers or  rectangular  to oblong  cells about  15 to  55 
,Jim

 in long diameter and

10 to 15 "m  in short  diameter. Beneath  cork  layer, the cortex  is composcd  of  several  Iayers of  thin-walled,  circulat',

elliptical  or  enlongated  oblong  parenchyma  celts,  having 27,5 to  70 -m  jn long diameter and  17.5 to 65 itm in short

diameter, Some  cells in the certex  contain  calcium  oxalate  jn raphides  abeut  45 to 55 Iim in length.

  The  vascular  bundtes are  collateral.  Central part efthe  root  is occupied  by  a  core  of  xylem,  with  indistinct medul-

lary rays. Thc  xylcm  portien censists  of  vessets,  tracheids,  wood  parenchyma  and  wood  fibers. The  vessels  are

with  reticulate  thicl<enings, measuring  from 20 to 35 Itm  in diameter, 155 to 250 
,um

 in length, some  as  small  as

82,5 to 12e 
,t.tm

 and  have simple  perforations, The  pitted tracheids vary  10 to 20  st･m in diameter and  135 to 217.5

pam  in Iength, some  as  small  as  27.5 to 97.5 pam. The  wood  fibers haye  a  diameter of  IOO to 355 ,um.
  2. 

"Peh-hue-juwa-chi-chhau"
 B  and  HL corgmbosa

  The  genera] structures  are  similar  to those  of  H.  thVLisa  but differ in the  following leatures:

  (Leaf) Fig, 3-Bi.6

  The  upper  epidermis  of  the  Tnidrib  and  the  Iamina consists  of a  ]ayer of rectangular,  cltiptical to jrregular celJs

varying  from 25 to 115 ptm  in Iong diameter and  30 to 70 s,m  in short  diameter. The  size  ofIower  epiderma!  cells

are  about  15 to 40 ltm  in long diameter and  20  to 35 fxm in short  diameter. The  palisade cells measure  from 12.S
to 55 ,um iii long diameter and  10 to 15 lx･m in short  diameter, In the  mesophylT  can  be found calcium  oxalate  in
raphides  and  clustered  crystals,  thc former measure  from 7.5 to 10 itm  jn diameter and  the latter has the length

varying  f)/om 20 to 50 ,tim. The  diameter of  the spiral  vesseis  are  about  7,5 to 12.5 ptm and  that  of  the wood  paren-
chyma  cells about  5 to 15 

,ttm.
 Surface view  of  the upper  epidermis  reveals  irregular to  polygona] cells.  The  size

of  stoniata  is about  20 to 25 
,um

 in long diameter and  10 to 12,5 sim in shoTt  diameter.

 (Stem) Fig. 4-Bi.2

 The  cross-sectjons  are  somewhat  circular  with  four distinct angles.  In the angles,  there are  4 wcll-defined  groups
of collenchyma,  consisting  of  3 to 5 layers of  elliptical  to polygona! cells,  varying  from  15 to 25s`m  in iong diameter

and  
･IO

 to 20 /.{m in short  diameter. Calcium  oxalatein  raphides  can  be found  in the cortex  and  pith, having a  length
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          Fig. 3. "`Peh-hue-juwa-chi-chhau"

 B and  HecijJotis corynrbosa

 A, sketch  Qf  the entire plant; B. transverse  section  of  the leaf, 1 diagram;  2-3 detailed drawing of

 midrib  and  edge;  4-6 surfacc  view  of  cpidermis,
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 B  and  Heclyotis corymbosa

A. transverse  sections  of  the stem.  I. diagram; 2. detailed drawing, B. transverse

theroot. I diagram;2  det:tiled drawing.
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of  l5 to 20 l,m.

  <Root) Fig. 4-Bi.2
  The  eutermost  !ayer is epidermis  which  consists  of  a  layer of  elliptica],  rcctangular  or  oblong  cells  measuring

frem  15 to 50 pam jn tong diameter and  10 to 20 ptm in short  diameter, but easily fa11s off.

  The  medulta  consists  of  thin-walled,  circu]ar,  elliptical  or  hexangular  cel[s,  having 7.5 to 50 ,tim
 in long diarneter

and  5 to 30 Itm  in short  diameter. The medullary  rays  are  distjnct, composed  of  1 to 2 series  upright  of ovate-eblong

cells,  varying  from 10 to 2S ptm  in long diameter and  5 to 10 Jim in short  diameter.

  3. "Peh-hue-iuwa-chi-chhau"
 C  and  E  tenettiflora

  The  general structures  are similar  to those  of  H. diffLisa, but difiler in the foljowing features:

  (Leaf) Fjg. 5-Bi-6
  The  cross-section  through the midrib  shows  that  upper  surface  is distinctly concave.  The  palisade tissue consists

of  a  layer of  cylindrical  ceJis  having  40 to 60 um  in Jong diameter and  1O to 15 Itm  in short  diameter. The spongy

cells are polygona] or  irregular and  arranged  loosely, Some  cells in the mesophyll  contain  calcium  oxa]ate  in

raphides  abeut  55 ro 7S ltm  and  in clust'ered crystals  about  10 to 15 scm in diamcter.

  (Stem) Fig. 6-Ai.2
  The  outline  of  transverse  sections  aTe  nearly  elliptical with  four distinct ang]es.  In the  angles,  there  are 4 well-

defined groups  of  collenchyma,  consisting  of  4 to 6 layers of  circular  to elliptical cells measuring  from  15 to 35 i2m

jn Iong diameter and  20 to 30 f,rn in short  diameter, Scattcred within  the cortex  and  pith are  several  cells  con-

taining calcium  oxajate  in raphides  about  15 to 50 sim in length, and  clustered  crystals  about  15 to 30  ltm  in diameter,

Starch grains  also  can  be found in the  cortex  and  pith, globular,  single, about  2.5 to 5 stm in diameter,

  (Root) Fig. 6-Bt-2
  The outermost  layer is epidermis  which  consistg  of  a  tayer of  ovatc,  ellipticaJ or  irreguiar cells  varying  from  30

to 60 F`m in long diameter, and  25 to 50 "m  in short  diameter, but easily  falls off.  Caleium oxalate  in clustered

crystals  can  be found in medulla,  measuring  from 10 to 15 ,um in dlameter. The  medulla  i's composed  of  elliptical

cells  varying  frem 35 to 75 !,m  in long diameter and  30 to 70  pam in short  diame ±er  and  medullary  rays  are  indistinct.

                                   Results and  Diseussion

  1. The characteristics  of  external  and  internal struetures  ef  
"Peh-hue:juwa-chi-chhau",

 Hkdyetis

diffLisa WILLD., H. eoryinbosa  LAM.  and  H. tenelt(flora  BLuME  are  shown  in Table 1. From  the observa-

tions  of  leaf (form, size, base, apex,  thickness of  midrib,  length of  needle  crystals,  diameter of  clustered

crystals,  shape  of  upper  epidermal  cells, size  of  stomata),  stem  (outline of  cross-section,  existence  of

papilla, length of  needle  crystals,  diameter of  clustered  crystals,  existence  of  collenchyma  of  4-angLes,

existence  of  starch  grains), and  root  (existence of  clustered  crystals  in cortex.  No. of  medullary  rays,

existence  of  starch  grains), it is possible to identify the species  of  these three plants. The  results  show  that
``Peh-huejuwa-chi-chhau",

 as  found on  Taiwan rnarket  is derived from theentire plants ofthe  following

plants: (A) Ulrdyotis dill7kesa WI[.LD, (B) H. corymbosa  LAM. and  (C) Hl  teneUijlora  BLuME.

  2. 
"Peh-huejuwa-chi-chhau"

 is said  to have anticancer,  antitoxic,  antipyretic  and  diuretic properties,

in the treatment  of  cancers,  appendicitis,  enteritis, hepatitis, eye  diseases, contusions,  furunculosis, bleed-

ing etc.  Besides its formal name,  
``Peh-huejuwa-chi-chhau"

 has severat  other  names  such  as  
`CJuwa-

chi-chhau"  (AEIpt), 
"Long-tu-zhu"

 (/tEglil}Ft), 
"Juwa-chi-huang"

 (grEIEut) 
"Zhu-zi-chhau"

 (!ll{ltM),
"Ding-jing-chhau"

 (fasslf.), and  easily  confused  with  other  drugs which  used  the same  name.

  
"Peh-huejuwa-chi-chhau"

 have been also  used  in China mainland  as  a  fo]k remedy  for cancer,  ap-

pendicitis, hepatitis, bronchitis, tonsillitis, pharyngitis, contusions, furunculosis, and  snake  bite etc, Their

medical  effects  are  very  similar  as  in Taiwan.

  3. In general, commercial  drug "Peh-hue-uwa-chi-chhau"

 derived from H.  ck;t7iisa  WiLLD. and  H.

teneUij7bra  BLuME  can  be found in the north  and  central  part of  Taiwan, whilst  H, d4ffitsa WiLLD,  and

H. corymbosa  LAM, in the south  and  central  part of  Taiw'an.

  It is reported  that H. d(tfiisa WiLLD,U) had  anticancer  property, and  some  of  the anticancer  components

isolated from H. dij71isa WiLLD. were  2-methyl-3-hydroxy-anthraquinone, 2-rnethyl-3-methoxy-anthra-

quinone,2-methyl-3-hydroxy-4-methoxy-anthraquinone.')
  But H. d(ffUsa WiLLD., H. corymbosa  LAM, and  H. tenellijlora BLuME  are  used  confusedly  on  Taiwan

market,  due to their external  morphology  being much  similar  to one  another.  It would  be interesting

that whether  they  have the same  medical  effect  or  not.

Abbreyiations: ca:  clustered  crystal,  eo:  collenehyma,  cn:  needle  crystal,  cr: crystal,  cu:  cuticle,  cx:

(187)
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cortex,  ep: epidermis,  epl:  lower epidermis,  epu:  upper  epidermis,  k: cork  cell, kl: cork  Iayer, m:  medulla,

pith, mc:  medullary  cell, mr:  medullary  ray,  p: parenchyma  cell, pa: palisade parenchyma  (tissue), ph:

phloem,  pp: papilla, prh: prickle hair, s: sieve  tube, sp:  spongy  parenchyma  (tissue), sta:  starch  grain,
sto:  stomata,  tc: scalariform  tracheid, tg: ring  tracheid, ts: spiral  tracheid, tp: pitted tracheid, yp:  pjtted

vessel,  yr:  reticulate  vessel,  wf:  wood  fiber, wp:  wood  parenchyma, xy:  xylem
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