
011der.<lrJ111111·t J 01111111/ of I 'l'f, ri1111r1J .'frll'1t1·1· 111117 .I 11111/flf 

l111/11str1;, 1·0111111<· !), .\'11111bn· i, Ol'loher, 1n:n. 
Pri11ti><l 111 Litt• L'ni1111 ••l ::-ionth .\fri<·n h.' thr 

(:on•rnment Pt·intt't'. Prl'tori:1. 

The Distribution and Possible Translocation of 
Icterogenin in Lippia rehmanni (Pears). 

J~.' H. ( '. S. HO E'fS. Sel'liou ol '£oxil'lilogi<·al ( 'hl'luist.ry, OnJerste· 
puorl. 

(·r ln1:. IJtlcn definitely est,abl1shcd f01· u u1u11l>1H' ul' µla11t1> l.llat. tlw 
c~o111•c>nll'<liinu:; of I.heir active toxic· princi1)les in lhl'ir vurin111; p:u·to. 
dilY11 r lo :1 l'Put::irkahlc 1lcgrel'. 

B,\ rlrenrhing 500 ~Ill. amounf:> uf rlri1•d pow<lprefl leaves of 
l1ppio rPli11wnni (Pears) mixecl with watc1· lo :;heep lhmug-b n 
,:tomad1 tuhr, (.Juin (HJ!i:i) foun1l that the 11la11t c·anse:, gc<'ldiklrnp 
s,nuptomR. Tht> :tctivl' principle ha,, been isol:dt>d in C'l'~ stalliJI(· fot'lll 
uy Hi111i11gtou aud <J11i11 ( 19~.:'i). nu ;)l'c·mwt of lht> 11\al'kr<l iC'tf'l'llB rhi-. 
s11hsta111·e prot1uccs. it was pru]JU::ll'cl 111 l'all it •· lt-t1•rnge11in ". ~\ 
11cethorl was devised b~· 1lim111gt1111, l~uin :111cl Uor•t.., ( l!J!'\7), whirli 
<'uahled the author to earr~ vul "itb a fair ilP.'{'l'eP 1Jf at·rurar.' 
IJ'lOlltitatin• delermina(iflll" of lf'\erngeuin ill !ht• \<ll'iOll'- lll'g'alls of 
lbe plant. 

"\\'h1•11, 011 lllll' llC:l'ttsiu11, J,111pw rt /1111011111 ( Pear" ) 111tllt•rial wa~ 
Leiug- c·ullec-tf'rl 1111 a plot f'Stahli s hed at lh1dc>r::.tcp11ort, tht• 
l'liararteristlr rnut ~,Y.slcm nrou~ed alleutinn. Houts """" fu1111rl up 
to l:! [eet in len~th un<l q-in1•h iu tlia111('trr . Thl' n·latl\'Pl,\ thit·k 
l'lll'lt'X. n•uld easih lit' rc>1110ve1l front tlh· 1->lt'h· h\' hu111l. "heu rre ... h. 
A sarnplP nf tht>,.,c' root;; \Ya~ takPn •Ill the' 0th Apr:il. H}:{(i. It wa~ :ci1·
clriecl 11ncl powtlel'eU autl U (IUUOfitntin• rlPtl'l'tninnfion or fr(Pr(lg'Pllill 
\\'US t'Hrit>d out. It was fou11d thnt :1:-10 g-111. ,riPldf'd :!·f1 gm , of fht' 
sodium salt of ldert)geniu, equiYaleul lo 11·71 per rt>nt. 

'r his was a Yery high figure, si 1w~ from JH't' ' ioui. b:d ehN, of dri eel 
leav(IS 0·25 pet eent, had been coristtlen'fl an t'Xrc• l l1•111. yicM. Tht• 
rtvailable plants, which were i11 1he post-:wecli11g- :-.lag-P 11.r that time>, 
were dug up, tli,· itled ildo lt'ave,;;, Rtl'tns. rnol l'IJl'ft•x tlllcl root slell's, 
nnd dried in the laboratnr~· hy s}lrNuling· 011 hH;.rt' -<ht>t>i<> of paper. 
Quantitative determinations were ntrriecl out ·wpnm!t·ly Pll '' puwclet·t'd 
i>•llllplt.> of t':wb frnctioo, nntl tht> .vil'l<lb t'Xlll'l'S:wcl a~ the p1•rceutugt• 
su1linw salt of I l.'lero:,telliu, \H!J't ' as lollu\\''l: 

Leaves .. . . . . .. . . . 0 · OHfi 
SIPms ... . . ... .• . •. a true·<' nnl,\ 
Root cortex.. . ... .. ... .. . ... :!·0-:1 
Rool s!eles . . . . . .. . .. . .. . ... . . a trac·c cm h 
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'Pht' ... e figure'! were so suggestiH• that 1t wa-; 1le1·i1lt>tl tu r·any 0111 
f1t1 thet• ill\·et>tigalion~ Oll /,ippia reft111(//1t1i ( l'i>ar,). ~\U t•\ t 111,\ 
distrihutecl patrh ot plant.,, gro\\ i11g 1111il1·1 11nt11rul 1·0111li1io11~ 011 lb1· 
hnm DeriJ,.poort near l'retnna. \\U" wlt>c·t,.rl fut thi.., p111p11.;e, and 
rnaterwl gathered from limp lo timP. Dl't1•l't11 iu~1t lllll' \H•r1• ma<le ou 
th1• rout t·ortex aucl leaYes, collected Jrom thl' -,nnw plauh, t·t>pre,eutiug 
1·1•spP1 IL\'Ply the \111<lergrouud and abO\·e ~rnnuil loc·nli-.ulion ot the 
10,.i1· -;uh;;tauce. The inflorP~ccnc·es werl" iuclutl1·1l with lht> le,1,·e~ 
hP1·;111-.r the nmc1unti' of the forllll'I w1·n• t!'latiYt>h \PJ'\ ... mnll. 

'l'b1· tlutu olt1ai11l'd d11ri11g the pt:riutl t'rn111 lltt• (ilh ~La.', Lf.l;j() to 
tlit· 27th April, HJ:n, are talmlalt>d lwl1J\\. 'l'lte rni11fall ng-ure,-; riuote11 
w .. re rc1·onlcd at Onderstcpoo1·t upprox.imatcly -t mih•;,, I ron1 tlw ,.,pot 
where the plaui material was c·ollectNl. llw rni11h1l1 in hoth plnCl11' 

lu•ing approximately the sanw. 

'l'bl' fignres for the lt'aVl:'R und root eorlt:x nn• t•xpre;,serl n;, the 
pprr.rntngP. Of Sodium salt of foterOg'l:'Hin yit•ld1•d hr rtil' dried 
materials. The percentage of sodium in tht' 1l1Hli11m ::.nli ;._about 4·1. 
Only lracrs of lc-terogenin ronltl lw dctPl'll'd in I 111• ~ te111:. nnd :;teles 
of the roots. 
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\;Vi1h rare exceptio1t:; like Cfr11/1i 01:c1idcrit.11/is. whieh N·t•urs i11 
parts uf 1 hu Liuited Sta It's of .\meri«a and of "bfrh lht1 olJ root
i< torks when exposed through heavr raius ure exceediuµ· ly poiiw111HIS 
1hrougho11l the ~year (Howes, J!);i:s). plant. poisoning ill shwk is. i11 
nearly every iHstauce, caused hy lhe abon• grouud parls of' vtrn1;;, 
whid1 are ingeo;t1-11l h>- I he nnimnlr< \\hi le grazing. Animnls 111ay t'1LI 
the 11la11ti; acl'idcntully 01· l)c atlr:H'lt•tl 11.v ihe fresh g-l'ef'Hness ,,f !he 
lP.aYl'S, wh il:d 1l1t• rPlllHi 11 i Ilg' veµ·pl n1 io11 is ;;till dry, as for t>X11111ple 
vCClll't> iu the case of .. 1ulp" p11isoniug- rau:wcl h:i· specie;; of llo111e1·in. 
a11J .lloroM (Ste:\l1, IU:28) and " gifb]aar" poisoniug raused h~ 
Du;/iapetal.urn C]/lllU.Wlfl. r111n!.s which htl\'e n high uutritiVl' \':lllle 
n11tl ;ne eagerly eu f P11 hj· :;tock may 1w<'nsiouall.v hP.C'Olllt! poisonous 1111d 
lie l'f'S}H111sihlt· fnr hcn \·y loi;i>es. As an t~xa1111)l1', certain :;;pP<·it~i' of 
(Jrit1r·1·ia. lllH,\ he 11w1lliouc>.cl, uorm;lll:, g-ootl l'udde1· plnnts. hut at timt•,. 
ht•l'lllllillg' high ly luxie. Fro111 llif":<t' plauts wl1i1·l1 are ll1e t'a\lr-.P of 
"Yet'lllt'Prsit>kle '' (Yomiting di;;e1HP ) in shePJI, Bimingtu11, lto1·1s and 
SIP.YU (19:31J) hnvl", isolateJ flic adive i:n·il1tiple " ''el'm!'l'l'ic · :wid ". 
H ydnwy1111i l' u<'iu poisoning 11.13.) f1•pq11Pntlj oce1u· i11 ;111i111als g-rnzing-
0!1 •H1.lund pnstm·es u1t whieh ~·;rt:cin grasses (species of. ( '.v1101/1n1'. 
Sc11·11h11111, ('fr.). are preseul. I hl•st• g"l'ftSses nnd!'t' f'f•rt:i111 ~ell'! ot 
1·1)11dilit)11s an• liable 1o de,·elo)I d:111gt•1·ous qtrnntitiPs of ll('X. Ort'l
tlikkup 111a,\' he l':.tusecl iu au analogous mau11t>l' at f'erfai11 til11Ps h.' 
spec·ie;; of' Tril111lus nr Pa11ic11111. 

Ut•l ur11iag to the t•xporimt-n tnl fin<lings quoted i11 'l'ahll' I. it j, 
dent that \\ida Bucluntiou~ m:1y 11~ eucuunlett'd in llw io:-.il'ily of 
l-1711~io rel11111Jr1111 \Pears). Tltt' phrnts wliieh are 1101 tli<11u rlit>cl h,\ 
:,p·a;,,ing or c.mtting sl1ow periodit•n l \'at i11tio11s he1.w1•e11 0 · 10 :rnd O·!{:! 
pc>r c·e11l. in the 1•01H·ent1·atio11 of th<> ln)l.ir snhsL11H·<•. As tlw soil in 
tlw seledi>rl p:~lt-11 sl11m ul " high tlt'gl't't• of u11ifor111il,\. 1111• \'al'i:d inm1 
in poiso11 eo11te11frntio11 rnay bP dul' citht•f' to tl1e stage of grO\\lh 01· 
tu tho 111 rfohnli1· ;tdi ,· ities of the 1i:o;sues us iutfm•nr·t>tl h,· c·li1111tlic 
1·011di tiuns. · 

Stag(:) of growi h, w hi<· 11 J1 Hs rt'C'ei YNl dur (·ou,,,ider:H ion l'r11111 
modf'l'll \\'orkers crn the uutriti\'l\ vnlue of pulltlll'e plants, i:< of g-reul 
itnp11rfl•Jll'.f' also as tar a,, I.he toxi('it.y of ph.ult~ is c.011t·1·1·11t'd. Tlt11" 
Br111110p1J[/tJ/l. nva/11.• JJea1n-., i.he " Xougoora Uun ". i,.. pnii-011011:
nul.\ hi ihe .\cH\llg stage while sli ll hearing i1s rot:declo11s. Lolut 
u11.•tml111 Anch'., wheu inuuah11·f', 1·011lai11" a c.vunogeue1ir glul·osicle 
but none of this 1oxif' s11bsta111·e when 111ntun· (Jlowt•s. l!l:~a). The 
lea,·c•s allll i;ll•nts of Ci('/1/n 11('(·1dr•11t11/is art' poisu11011:-. "he11 yonug, 
but l1arntless in tht> lntcr atnges of <leveh111me11t. At lhe }IPJ'iorl oi 
reproducliou tht• ni1·ntine coucenfration in the leaves of l lit! lolwrc·<• 
plant h1<·r1•fld1's (Yi1·ke1·y, Pueher ancl Levenwortb, 19o:3L 111 J~1p11in 
re/1111a1111i t.h1'l·e is a decrease from 0·28 iu S0ptembel' to 0· 10 in 
D ecember in the l ct!'roge11i11 c011lt•11t. of the lcaYt'S. Tlit'l't• i:s, 11t1wever, 
a rise lo 0·32 i11 )lareb, UJ!ri, foll0wed h,\ <\ <lef'rtlutit' to tl ·~(i i11 April, 
n 1110111h later. Plants in the pot1t-11t>t'<li11g stage m1 tbP ti1 Ii Mor. 
19!ilJ, ,\' i1•ldecl ll · Ii. while llie u11111·t•111nition iu the :mmple a lmosi a 
,Yeu1· h\ter (~T1h Ap1·il, lf):Jj) was (l".?fi , tlte plants agaiu lJeing iu lht> 
post-st>etllllg- ~tage. 

From the abow fig11l'eS, i1 ;1ppeurs that. the sb1g-f' of J.('l'OWl'1 drn·~ 
110!. de1Pnnine the toxicity in the cnt-ie of !11;/111111. reli.1111111111 ( flf' urs). 
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'l'he fad that mnuy plants store 11nisonou-1 ,;11hstauce.,: iu thcjl' 
1111dnground pads was well known tu lhu Xnti\Cs in man) t·ounlrie,, 
l•t>lure Uivilisation. Thus lrnJLs of .lde"'um fo!}nnli form <me of the 
:,,0111·1·t's uf Dushman arrow poison~. ..ilso iu {,'fyl't.:ria ·'fll'Cfa/Jili.~ the 
h~1lroc~·a11il! <'nmpound is <li,,trihuted in the panicle.s. IN•,·e,;, and ruoh 
(:\lini.•'f•n, l!J!H >. Ouerin ( HJ~;i) poinh>d ot1t thnt all lhr YnriouE
Mga11s. with the exception of fr111ts. of Ul1;cer111 <11Jllalfra contain a 
ryanogeut'tic· glurosidc. ~forais allll Himi11gtou (1!):34) clt>termine<l. 
'tllautilati,-el~· the hyclroc~·anfo nc·iil liht•rntril by " Lina.mm·in " io 
ditlereut part'\ uf /Jir11or71/wfhera n111rflfn. Le-.!'), nucl found it to be 
di -.t rilin lf'd i 11 the fiow1H',;, l<'<l\'l':,,, sf t•nis an cl rnnts. In ( 'rf1i11ea 
/j 111'/..·1·i iln lwr t ht> flowt't' lwad:>, 11•3\'I'!> a n<l hu I hs all' puii-;n11ou" (~tPy11, 
l!J:{4). .i.ecunliug to i.uful'matiuu wbic·h \l'tl ~ ki11dl:-, g-in•11 111 me hy 
Or. D. U-. 1-iteyn, of Oaclf'rslepoor1 1 he miniuwl h•thal dose for 
l'abliits of tl1P frE>;;h leaYe::. of Diclwpelaln111 l'!fllt11.w111. ('()]lectt>tl nu the 
~Ulll(' rla.V rnrif'cl from J ·2 to fl !!lU. fh'I' J,iJo l101ly weig-ht. ,\ nose 
l)f (j0 gm. of H1h1 n11clc~1·gl'mllid stems ol th~ sanh· plnuts proYt>d harrn
les~, whereas i11 previous experimf•ufa llw 1•od1•'> 11t' tlw und1·rg1'onnd 
'l(Crus lrnd hf'e11 far more ioxir than H1r lc•un's. 

Lipz1ia reh111a1111i is no exct>plin11 tu tht1 nuuitiron,. exa.rnples 
1·erordecl, whei·r toxic sul1stanees nrt• cl is l l'ilJlll<•cl li1>tl1 iu lhe under
;p·ouud autl alH)\'P-grouu<l par1s of lhc phrnls. Ju t'umparing- the 
fig-nres falmlaied nhm-e H is. however, of i11tc•1't•s( lu 11utt· that a 
df'l'rease in 1he frterogenin C'OU1f'nl of the 11':1\'I:':, i-, uc·1·c11llpu11ie<l liy a. 
1·orrei;po1uling incn·ai;e in that cof iii(• rn(1f c·m·ft'x from ~epte111her to 
])t>c·emher. ('ouYer:.el.'· in the ~fon·h ~umph• tht>Jt> j-. n dN·rcase in lhe 
kteroge11i11 c·ou1ent of 1he 1·001 1·ortex :111d rm i111·retht' i11 thE> leaYes. 
Jo .\..pril the conceutmt iuns clecreusecl both in the lenvt:~ and in the 
root t!t1rtex. The saruple (~Ith .\pril), wl1iclt hacl ltce11 tldoliated by 
1·uUing and pruning on the lllh )[arP\r, so ns to 'liwulntt.• the effect 
nf' trampling and do:,,e grazing, .,howt1cl a marked!~ higher 
Lcterogeuju cu11Ct'ntratiu11, 1ot Ii i11 t h1• lea Ye:, unJ i 11 tht: root cortex, 
a!'i <'ompa1·ed with that of tlie uucli~f11rlwcl plant:. t•<ilhidPd on the same 
cla,v. 'l'hese fig1ues sfrongly suggclc>I 11 ln111slucaliOU UchH'l'JI the upper 
und u11de1·ground parts 11£ the plant. A cn11sich•rntio11 or the data on 
fhe prunf'cl plants indi catf'<l a clctinitl' possiliility thut pruning, 
rt':,11lli11g i11 frc•<;h deYe1op11w11t;d nctivity, stimulult'S the pltinls to 
~.''11thesizf' an exrp:;sive ammmt of ldf'1'0g-Pni11, whic·lt llwrPtlitcr niay 
bi> relali vPI.\ l'::t pid ly t1·ansfenerl I 11 th•• mot 1·ortc·.x _ 

In this eonuection it may lJe me.ntinned tlwt ou li:al'OO pnstures 
got>ltlikkop a~ c·nnsetl hy Triuul 11s 111:iy sotut' t inw:-. ocC'ur when the 
Jilan lti nrc "I'll clevelopeLl, aHltotl1fb it if; more frpq 111'11 t )y .-11rcntn terf'd 
oil dosely 1trn.zecl anrl I mm ple.i pnst.m·es. '1'111• l\O nie u pplics f.o 
" g-t·eldikkop " caused by Yel<l g·ra:;s, Ste.vu (10~~) nh~e1Ted the· 
disl'tUW on old lands. l'anirum mn.rimum wns '>u,,pcrled of causing 
Lbc!Sf' 011thr1>aks. Tiimiug-lo11 and <Juin also report c·ase~ of geeldikkop 
uu dosdy c·ut grass pashu'f', ou wltich Prwil'11111 lopi·i/11/111111 pre
tlorn i nattoirl. Su far attempis to detec1 Ictrrc1g-c•l1i11 i 11 tlwt<f' plant11 
haYP fnilt><l, nlthnngh \\'Ork nlnng- lh1»w lirw~ i.,, Rtill in progn'""'· 

.\pnrl from prn11i11g anrl f'l1tti11).{, 1•\irnnlir 1·nu1lilioo,; ma~- ii<' 
rt>::.pousihli> for the rat<' ot Jdcrogenin sy11thPsi'I uu1l it.. possible 
tran:-lncalicm in the plant. 'l'h11.:: ITt>nrir·i (Jfl2G J lonncl thnt i11 c·ertain 
grnsse:, Lyclrocynnic ucitl nppenl'::. ;:;ucldenly. unl,\ to 1]i;;ap11t>ar a~am 
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a fl'\\ hll\llS aftet a hl'a\ y l'ain. wl1t•11 tht' "illt•tl ti,.,.u l'S n•1·11\t•r 1101·111al 
turge-;Cl'TICt'. Climatic 'cu11ditiu11s at't' pruhably re-.11ou::.1hle I'm tlw 
<leYelC1pnw11t uf toxic amouah of hy1lrnc·,,·uuit· a<: id iu l'111wtlo11 11110111-

z1ht11., XPeS (Finnemore an1l .lat'tra.\ ' f!I:~:-,). .Jtala11n h1·111111ln11ca F. 
)luell. r·nuc;p;; the disease known a-. " \\nlkal10111 " in .\usfrnha. l n 
111un.} tuses ilw plants de\·f'lop littll• ul llfllll' ol llw n•,,111111-.ihlt> -.a.p1111io 
11111lrr th1· less foyourah]e Xo1·th1•rn :111<l :-;111t1lt1·1·11 h•mperntu1c 
eo11tliti1111" (Ifowes, ]!:J:3:3). 81111:;hi111• ,111d ll'lupcrofttr<' 11i.1.' i11fl11e11u• 
tilt' ull<aloicl:il c·rnitent of .llropn l1f//ad,,111111. In 1•1111il11im .... of lo\\ 
lt·mpentlu1t> and <lefic·iPut sun::,l1i11e tli1• pluut wu-. found In he ltrner in 
u}kaloicJaJ ("Ollit'lll. )fon•oYer thl' t,\ p1• Of ligJtt 111:1_\ 111f'1lt'lll't• I he 
1ll~Yrlopme1d of the toxic suhslnnt·P in !Jal111·n .dr111111111111111 L. ( ~It',\ u. 
rna-t). Ohosl1 nnd Kr·ishna found the Ephe1lri11 <·111llp11I ot ft:11hc1!111 
lowl'sf d111·i11g- the rainy "ea ... 1•u awl highP.;;I u111lt•r tlw 1lri!'1' 1·li111;di1· 
1•111Hlit iflni- in autumn. J n l ,ippia rd1111111111i, laki11~ iulu 1·owdclerutio11 
fli (· 11npru11ed plauls on ly, the hig-lirt-.1 fiµ·111·t• for I he l'llOI rot•lt·x aud 
tlw lo\\ 111-<t nne for the ll'a\'f~S wert> hnl h fnH11d i 11 I hi' snrnplc· l'U!Jcdcd 
011 th"' LOU1 December aft('r a ft1ir, t-nrly ,s11111ml'1· rtiinfall. l~ ttut 
c·orl1•x µ-:d he red on the 28th ~flptemlrnr nfter onl,Y a ft·w «p1·i 11g sho\\ 1•1,, 
lt ntl fnllowPd the clr,v winlt>r 111 onthii. gun· il111 111\\1•,,t ~iel1ls nt' 
l ctf'l'ogrnin so far l'c>rordPd. Tht• rou1·t•ul1·afio11 w:ti- tl1l' liig·h1·~t in 
lhP le:nrs affC'l' a hig-li followed li_y a 111c11IPJ'alel.v low r:1i11fnll. F11rth1•1 
work ma~ lhrnw murl' lig'ltl 011 tlti.; lwh;l\'i1111r of the pl11nl. 

lcterogenin occur:. iu lhe pltuit a" the free u1·id. lhn<l se<'lion.; 
have bee11 made through \"t1rinuo lisstlt'~ rich i11 Icte1uge11iu but 110 
1·ryslallinl' material could ht! uli::1t•l' \1•d mit'ro11copfrr1l!~., 11 is 1•vitlt•11tl.' 
associnted "itll other org-unie snhsla 11 1·e~. "hich ma.\· irdlnl'nre its 
phy,.ical hPhaYinm-. TL.- .... udimu su it of Jf'tprog<·nin, for example. 
"•hilt• ~till ac<:o111p11uied by other "rg~inic ~ubi.t11nl'es, is fairly soluble 
in watPJ". a.:; wa:. evident dnrin~ the prO<:l':<'> of j,,oJ:diun. It r,., 
ltowe,·e1" almo,;t insoluble in wnter \\hen pure. 

(1) Icterogenin may be 11rese11 I i 11 'aria ble amoun l~ iu I he lea vi's 
and iidioresceuee of /,ippia rehmmnn (P <':Hi.) whe>reas onh traces an• 
tu h1> fournJ 111 the ,,tem and root ;;tf•le. · 

(:!) There is a possible 1ru11"ltwaliu11 o f the lox11 ~11hi;ta 11 <'e tC1 dH• 
root 1·ol'lex from the leaves, \1lwre }H'esu 111ahl,\ if is forn11·d. 'l'he 
l'urlhe1· possibilii.r exi:::t!' that tlie lcil'1·o~e11in s11 stnrecl in the root 
<•or-lex 111u,\ trnder tertai n ~111·1 · ific · cuutlilions hP lrau~lot':dt•cl 111 the 
leaves of thi" plant. This poi11t is ree<•iYiug "Jlt'1·ial af.lpul inn in 
ful'tlH'l' wurlc on this prohll'm. 

(3) 'rhe stage of gro11 th doe:; nnl appear lo hl• of grPn I irn port u tll'e 
as far ns the toxicity of l..ipprn reh11w1111i ( l'1•ars) is 1·1111cc>1'nP11 

(4) Climatic condition:; may to a lm·j.tl' extent iuftneuce lh1• 
synt hesi1> and lranslof•ation ,,jfhin the plnnl lis,,ue~. 

Ci'i) Pruniug :incl cutti ug c•fltt:-,P a uwrked inc-rea,.,e in llw co11ce11-
frnlion of I cterogenin in both tht> Jeaws and roof rortex. 

(6) From the work l.!arriell out on the plant lA/J/FW rehnia11111 
(P ears) as described in this p:1per. the suggestion pl'l·sr11t!> ifsplf lhat 
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lllS' l 1(1111" 1111\ OJ/ 1cn:11<1(;V,,Sl;\ I:\ .. l.ll'l'l.\ ltl-.lDl\.S;\"I ... 

thl' l't't·iprtH'aJ ll'tlllsJocatio11 111 111\.ic~ l>l'illl•iplc•::. hl'IW\'Pll 
ground :uul tlw :mbtenanean poitions of' n plant mny !.C' 
;.r1·pat .;ig-nific·anc:e in the clelt'l'llli11atio11 of ils fm,iril;\". 
1111·rit:; furth1•1· 10 \·estigation . 

..i l:K.."O \\"Li<;IH. E\I E.STS. 

I ltP II llCJ\,t' · 
a fodot ol 
'J 111 ... poi11t 
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