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ABSTRACT 

Green leaves of Betula papyrifera were extracted with aqueous 
methanol. Thin-layer chromatograms of the acidic fraction of the 
extract revealed a flavonoid-containing segment which inhibited the 
endogenous growth of oat coleoptile sections. Chemical fractionation 
of the original extra ct yielded quercetin, ellagic acid and their methyl 
ethers, as well as methyl ethers of mwricetin and gallic acid. A wide 
variety of flavonoids, including those isolated, were tested for bio­
logical activity. Flavone and flavanone were strong growth inhibitors, 
as were naringenin, fisetin and datiscetin. Although current literature 
explains the inhibitory action of flavones by their apparent accelerating 
effect on indoleacetic acid oxidase, the present results suggest that 
the theory is untenable in a number of specifie cases. The relationship 
between structure and activity is complex and cannot be determined from 
the data available, but the activity of flavanone and flavone suggest 
that the carbon skeleton itself can play a significant role. The in-
hibitory action of flavanone was reversed by added indoleacetic acid, 
while that of flavone was note 
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GENERAL INTRODUCTION 

Although the growthpromoting activities ofthEt naturally occurring 

auxins" gibberellinsand cytokinins have beenst~died:fox:anumberof t 

. , .' . .' ",:..c . ," .: . .":' 

years, endogenous inhibitors ()fplantgrowth,b.aveorilYrec~tlybeen: ' 
. '" . . .,',"," ,"' ,.," '. .- '", .. ,", .. 

identified. ,In 1963 "W~~ing .a.ndc()~~orkerà· ,(1) pubÎi~hedâbri~f"'" 
, ~.' . ", ; : . . 

note describing the'.isoiatiol'loia,smaJ.l> quab.titY'o.fa com~olmciWtiich 
. ",';' '.,"::~"'. . ;,." '<".:',>"> .. 

. '1nhibitedthe< growf.h'of'cole:optiles B.nd,'wasbelie";'~Ci1:.o11âve,a:::toie,in" ,', 
." '" . ' ..... ,.,' . . - '.' - ,",. ,-', . . .. " " .. -.; ", ."' . ," .. ," ...... , 

,the control, of dOr'l.l~~Yinw6~ciY' plants .',TldfJ:sh~st.anc~ ;:néio~":>'~~s " ' 
, .... -. 

a colorless,," non-cryst,ill1ne ',:solid" .~C)sè ::U'ltr~eCl;spectrwn':sUggested, .,' 
:'\";'" ....... ' ," :",,:. -. '. "., '. : :::,:.;,,' .... :. ", ,">" 

: thati t was ',,~ non-a~oril8.ti~ ."ket'oél.cid.' H()w~v:è~,,< t.h'~·qu~Ù.ty,:i.s6iated'was " 
,", "" . . "," . . .. . . " .. '.. ':"" ::-: .... - .. ' .. ". ",""' . ,," ... 

too smallfor a ,"compietêiel.llcidation:of~tru.cttÎre.,:. 
" :. ' . .' > .... '.' -~'.' .',:' . . ". ' ,"' 

Wareing' s' discovèi7.,:sug&ested'that.an'a.ttemPtto:',,~soJ.ate~~dOI"Ildn~r ,,',' ' 

or a similar. compoUncLfrom'à:ëétlÎàCl1éUl' species::()f ~trè~IDight'beâ~frirltfu:t 
.. . . ..... . ...... . ..... ,., ....... : ' . 

. :',,::, ". ,:,,"" ". ',~ .. :', '. :'~:'~.:" ':.:.0:-

llie of research~ ·~t'.seellledespeciéÎlly,wqrthwhilè:t()att:etipt"such~:àn; ,,',' ' 
.. :'.'" ...•.. : •. '<";.' .' " .. ,',: - , ...... ;'. 

"'. ' 

, ..... ' .,", ": . .':': ::. 

product, isolatedwou1db~' ad~qua.t,èfor'complete'dètermm~tibri'.olstruat,ure~' ' 
"-:.". 

Explorat()ry~oi"kwas begun oIla'smill. bat~h oi::iea.ve~' fr()Ih;:~ite ' .' 
.. : " '.... ..' ;.' .' .... . .......,':... .'. 

birch (Betula papyrife~a).to· ~stabli~h .whether inhibitory;~Ûbstëlnc~s',COu1d " 

be found. Sinceprevious workèrs' hadcletect'edactive:nui.t.erials> til the ,,' ' 

acid fraction of plantextracts,,' thatfra.ctionwasthe 'start,j.ng'~ojnt()f 
-_.----: .;'. 

the present work. The firstnew departurewél,s, t~rusethin 'layer chromato-. . '. -.... : .. ,. '. 
". ",. '. 

graphy to separate the components ,of the, 'acid traction.' The1i" 'in the con-

ventional way" segments of the chromatogram were subjected to an oat 

coleoptilebioassay procedure. A zone of strpng growth inhibition was 



.' 
\ 

.--. .--
, "...---
COOH" 

, 1 

.' 

present~t high. RfJ ;an~> elu.~:ionof this active zone yieJ.dedanimpur~ 
" '. .. . "', . - . . '. "" . 

material. ' The iIlf'raredspectrumof:this ~ubstance indicated that " 
" the major fract:ton'~asafôfua.ti~:J irl'!c~ritrast to thatisolated' by Wareing. . '"" ! 

. 

Ba~~d on th,einf~~r.eëidat.~.i.aprôc:êd~ewas~~vised fOr isolatin~ larger 
quanti:ties ·oft.h~ irihibitorymaterial." While this "work wasinpr~gressJ - .' , : '. , " .' . . 

Addicott< (2~;3):report~dtl1eide~ti:fication of a cottonleaf.ab-. "'." 

sci~sion accelera.tingèompoundrabscisinII. ' Shortly afterwards Wareing . . . .,. ,." 
, .' . 

.tound that.:. "éiornùn"l'ià:sidentièal to abs~iBin II (4)J' and confirmed the ", ",. 

structureby synth~sis~'>: 

: 'Irl asenseJ ihe ori~:i.nalobje·ctive of the pr!3sent thesis hadbeen 
, 

' , 
, 

.:fulfilled. YetJ ~llere rema.iÎl~dtheobservation thatthe active fraction 

.trom birchleaveswa,sunllke the material·of Addicott. ThereforeJit was 
1 . . 

dec:i.dedto continueth:Lsinvestigation. . . '.' .' " 

Ultimat!3ly J the compounds isolatedJother thangaUic andellagic 
acidJ prpvedto be .ria~ones'Jand'none were of' exceptionalchemical 

interest. Nevertheless'J trhe literat.ure (5) indicatedthat flavones 
might play a role in regulating the growth 'of .plants.In, additionJ . 
comparison of ~he infrared spectrum of the original inhibitor,y fraction 
isolated from the birch leaves with those of several flavones indicated 

._-----------------~-----

3 



that the. active material was very similar to quercetin. Theref'ore, a 

limited study was undertialœn to determine the activity of' a ntÛnbër of' 

f'lavonoid compounds. 

4 

This thesis begins with a review of' the non-polymeric substances 

which ha.ve boen deteot.od or :i.aolAt.ed. t~OlU throo oommon hardwooà.s, b1rob, 

maple and popw'. Thesegeneraprovide a. sampleof'thetypes of' oompounds 
, . .,. . ." . '. "'.' '. '. -, ..: .. '. . 

f'ound in bardwooclslngeneralaIld.,thus, the reviewreveals<the signi-

f'ioance of' the' .compoundfi isolatedinthis. work with respeat tobotih 

taxonomioaland. chemical interest • The secondchaptier _g.~scribesthe . 
.... ..... ...... ......... •..... . ' ...............• ~ ......... . 

acttialpro'cedures whichled tothe isolationaIuiident;i:f'ication of' 

. several nat liral product s f'romthe .birch leaf'exf:.ract •.. The 'thirdchapte:r 

outlines· the bioassaYsperf'ormedon sonietwenty flavonoid compoundsand 

. eva.luatesth~ resultsinthelight ~f' current hypotheses· concerningthe 

mechanism. of' thebi~l.ogical activityof' f'lavonoids 1 and the relation- .. 

shipbetweentheir~ructuresand their actiV1ty_.· 
. .' . " . . 
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CHAPTER l 

.----REVIEW OF NON-POLYMERIC EXTRACT-IVES 
~-

FROM BIRCH J . MAPLE ,AND POPLAR 
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In the study' ot the composition ot trees" the particular interest 
ot the investigator often governs the approach he takes. For example" 

in the early partot this c~ntury'" the sap ot maple tr_~e.s was analyzed 
... -intensively because ot its commercial value-;- Cœm:n.ercial value also 

underlies the work done by chemists asso·ciated with the Pulp and. Paper 
industry. These latter workers in the past have investigated mainly 

. the po4rmeric constituents ot wOocl" but more recently have begun to 

give equal attention to the low-molecular weight extractives" per~ps .. 
in the beliet that these too will help explain ditterenC?es in physical 
and. ch~mical properties o~ various species. To ~ other organic 

chemists" the ex:tractiv~sot certain species simply provide a rich source 
ot new compounds tor investigation ot structure and ot chemotaxonom,v. 
other compounds ot low molecular waight are ot concern to plant physio­
logists as intermediates in metabolic prooesses" while nutritionists 

'. 

have looked ~o leaves and needles as a ~ource ot vitamin-rich todder. 
Even the mineraI content of trees has engaged the attention ot geologists 
who hoped tbat such information would. be an aid in prospecting. Thus" 
results or work on the composition ot trees are scattered through ~ 
ditterent branches ot the scientitio literature" and to assemble and. 1 

correlate them would be a task ot major magnitude. Theretore" the scope 
of this review was deliberately limited. Its purpose is to examine the 
available data on the extractives of only three genera i biroh (Betula)" 
maple (Acer)" and. poplar (Populus)" and. to present a sampling of the 
principal ld.nd.s ot compounds to be tound in hardwoocls in general. 

Howaver" it must be recognized that a review ot this type has two 
limitations. First" . the stud;r ot only three species as a sample contains 
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the inherent disadvantage that, in ma.ny' cases 1 especially those involv:tng , 
the biogenetic or metabolic role of an individual compound, investiga-
tions often involve the use of a wide range of plants. Hence" although 
lllaI'l3" points appear to be unanswered here" it rnay be that problems have 
been pursued more intensively with some species atiher than birch" maple 
or poplar, and. the answers lie outside ot this sample. The pursuit ot 
such points was oonsidered to ba beyond. the scopa of this review. 

Seoond, the variety ot methods used in the isolation ot compounds 
is nearly as wide as the variety ot materials 50 isolated. Often the 
orude extraots are subjected to somewhat harsh oonditions whioh could 
concei vably oause degradation or rearrangement. Usually the authors 
have oommented upon this point" but" in some cases, conclusions have 
to be aocepteçl only with reservations. 

A number ot reviews ot a Iess general nature have been published. 

sap (Aires, 2), the ohemical oomposition ot birohbark (Jensen, 3), 
plant pigments (Karrer and Walker, 4) and. a briet review ot the 

phenolio glycosides ot SaUx (willow) including their discoveI'7, the 
-, 

eluoidation ot their structure and their synthesis (Thieme, 5). 

The possibility ot using Ieaves as a source ot tood tor animaIs 
is quite appealing and has prompted a number ot workers to measure the 

\ ascorbio acid. (vitamin C) levaIs in the various parts ot trees. The 
results have been oompiled in several papex's (6-9). From the point ,ot 
View of plant bioohemistry" it has been tound. that the ascorbic acid. 
content ot the yellow parts ot autumn maple Ieaves was higher than 

. ---,--

----' 
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elsewhere in the leal (S). The authors suggested that the yellow pigments 

may play a part in the synthesis of ascorbic ac1d, but presented no 

supporting evidence. 

W1th onl:y one or two exceptions, the carotenoids and related 

compounds in birch, maple and poplar have been found exclus1ve4" in the 

leaves. Carotene itselt has been the subject of extensive quantitative 

analys1s.., both in comparative studies among trees and as a seasonal 

variable (lQ..;15). For example, L'vov and co-workers (16) found that.., 

as maple leaves turned yellowand underwent abaciss1on, the carotene 

content gradually' dimirdshed. A relationship between pla st in , plant 

pigments and the protein carriers was suggeBted by the authors. They 

hypothesized that the breakdown of the oarotene in the faU is cond1t1on­

ed by the breakdown of the protein complexes.Goodwin (17)obtained 

soma similar results in the leave of Prunus nigra.., Quercus robur and ~ 

pseudoplantanus. ,He f'ound. that between June and November.., the carotenoid 

levels fell almost to zero in Quercus and. ~ butthedecreasein Prunus 

was only to 50% of 1ts original value. In aU cases.., howaver.., i3-carotene 

and. neoxanthin.J the 5'-hydroxy (monoepoxide) derivat1ve of viola:xa.nthin (II).., 

disappeared first and. their disappearance was accompanied bythe formation 

of lutein-5..,6-epoxide (I). Another oompound which formed only in the fall 

has been tentatively identif'ied by Grob and. Eichenberger (18) as aU trans-3 
, . 

or 3V-hydroxy-a-carotene. It was 1solated by colwnn chromatography from 

the extraot of yellow maple leaves but l'laS not deteoted in the green summer 

leaves. The development of thin-layer chromatography later enabled these 
.--

workers to investigate the autumn pigment§.~of-ma.ple in more detaU. They 
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. . rH,3 . rH,3 
[CH=CH-~H)2-CH=CH-[CH=C-CH~H) 

,.", 

BQ , 
l Xanthopbyllepoxicle~ 

Lutein-5 é-epoxide' 

. . rH,3 yH,3 
. [CH=CH-O=CH)2-CH=CH-[CH=C-CH=CH) 

1 

H 

II' Violaxanthin 

. . 
. found tha~ 1utein(xanthophy11).and its epoxicie.JI) 1 ~-ind i3-carotene, 

----neoxanthin aIld tiolaxanthin (II) ·were pres~nt ~ the green 1eaves and . , 
",' 

r '.' . 
t~eir relative propC?rtions -were essentially constant •. I? fail" a.- anp. 

" . . 
i3-carotene clisappeared and :the esters of bath violaxanthin and. :xa.nthophyll 

.wer~ formed (19,,20). The esteri.fying acid ~f xa.nt~ophyil was later found. 

to be.1ino1eic acid. (21). This result conflicts with Goodwints (17) . 

since Grob and Eichenberger J claim that neoxanthin remains in the aœunm 
1 

1eaves. Both xanthophyll and its epoxide have been detected in map1e bY' 

Karrer (4,12) who ,a1so. noted that the epoxide was readily' converted 1)0 

flavoxanthin (III) in a very weakly acidic medium. This latter compound. . . . 

has not been detected in the hardwoods under consideration here but 
.' 

these re.sults would 41' soma doubt· upon other reportedisolations of 

flavoxanthin" especiaJJ..y: :Li! the wor~p invo1ved acidic conditions of· 

any ldnd.. Conoeivably,,' other aciciic" componants in the Sante extract 



II 

yH3 yH3 yH3' 
O=CH-CH=CH-C=CH-CH=CH-[CH=C-CH=CH]2 . 

III Flavoxanth1n 

could also catalyse the conversion of xanthophyll epoxide to flavoxanthin. 
, 1 

Violaxanthin also readily rearranges and it 1 too might be a source of 

"naturall1' occurringtr flavoxa.nthin~, 

A compound very closel1' relat,ed to xanthophylll abscisin III, has 

been isolated from the leaves' of A. pseudoplantanus , by Wareing and co-

workers (126). (See General Introduction and ~pt~r II). It ~s also 
, ' 

'been 'detected iri a wide variety of plant tissue 1 including cabbage leaves, 

potato tuber 1 avacadose~d'I lemon fruit and birch leaves 1 by optical 

rot.atory dispersion (127). The structure ot abseisin II inters that it 

is probably ~ decomposition prociuct of the carot.enoids. It reaches 

,maximum concentrations in plants late in the growing season and. then 

decreases. during th~ winter until growth resumes a~ i8 believed to have 

a vital role .in the control of dormancy. 

The only report of the occurrence of carot.enoids in the non-leafy 

parts of trees is that of Euler (22) who detected carot.ene in the' pollen 

of birch and poplar. 

The dis1::ribution and seasonal changes of the chlorophylls follows 

that of the, carotenoids quite closely' 1 and in many instances the compounds 

have been studied together (171 24):'" For exarnple l Moore ,(15) found. that 

during senescence in maple leaves 1 there was a, direct oorrelation between 

-. --- ._--_.- ---_.-."._- ...... _ .. '" ---_ ..... ' ....... _ .. , , _ .. -... .. _ ... _-_.-._-_.- ."" --.-_ .. -.. -~--_.----_.-_._ .... _ .. -- ... -."- ." .. _. 
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F1avone 

the decrease in the contents of carotene' andchlorophyll, bUt; ha . did . 
1 '. _._ ,". . " , ',' . . . 

not present further evidence to show tba.tthese deoreaseswere. caused bythe 

same processes. 

A1though the chlorophylls occur almost exc1usivelyinthe lea~Y' part,s 

of trees, theyhave a1so been observed ~il very low concentrations ,in the 

pith and. xy1em rays of young shoots of poplar, birch and alder(25). 

Even in these tissues" the chlorophylls appeareq. only in winter ,thus 
, . 

supporting the hypothesis that chlorophyll isstored:Lnthe' wood durin~ 

that season. However, the transp~rt of this substance within the plant 

has'" not yet been demonBtrated., 

Among the genera under review, re~erencesto ~he 1eucoanthocyanidins 

and related compounds are fewand concern only their detection,not 

isolation. Michaluk (26) chromatographedexeractsof 'birch 1eaves and 

bark and identified soma of these substances bl"their co1or reactions. 

Ra~z and:Fuzi (27) ran similar tests on the various parts of 154 cammon 

plants ino1uding birch, oak, poplar and willow. Positive results were 

<?btained throughout the plants, and, hence, these oompound.~ were probably 

not confined to onll" one part. A simllar survel" was made bl" Hayashi and 

Abe (28). Two of the compounds detected were cyanidin monoglucoside and 

ohrysànthemin (IV). 

Although the flavonoids constitute ~'one of the largest classes of 

pigments in nature and are found. in nearly every lmown plant" very little 



" 

is lalown about; their physiolo~cal f'unct1ons. There 1s some evidence' , , 

thE..t they play a'signif'icant role in the control of' plant growt.h, and. , , 

, this Wlllbe discussed at lengt,h' in Chapter III. A number of' reviews , " 

have been written on' the f'~vOnoid.s"of' whieh the m~st extensive are 
those by Ha!borne (29) and Dean (30)., some~~r~ between 200-300 
flavonoids have been reported te) d~te. Very, f'ew are known to oceur in 

the wood and. bark of' trees" but are generally f'ound in the leav~s and. 

f'lowers. In' f'act" with respect to birch" maple and poplar" the only 
report oi the flavonoids being f'ound in tissues oth~r than the leaves 

, ..., 
comes from Whem.er (31) who detected 5" 7-d.ihydroxy:f'lavone (chrysin) and. 

its 7-O-methyl ~ther in the bark of several speeies of' poplar. The 

13 

f'lavonoids which hav.e been isolated f'rom the ,leaves of' the three hardwoods 
consist main1~ of' the glycosides, of 3,,3',,4'5,,7-pentahY4raxyflavone (quercetin) , 

, 

and. 3"4',,5,, 7-tetrahydroxy:t'4von.e . (kaempferol) (32-36). Vitexin (V)" sapona-. '. 

retin (the corresponding open ring f'om of' vitexin) , myricetin-3-d.igalacto­
side (3,,3',,4',,5,5',,7-hexahydroxyflavon~).and orient~ (3',,4',,5,,7-tetra­
hydroxyi'lavone-S-glucoside) have also been detected (37-42). From the' data 
available" no genera~ations ean he Ïnade about the occurrence of' these 
compounds., CertainlY,no exhaustive study on the subject has been done" 
but' it does generally appear that most" if' not aU" flavones exist in nature 

',1 
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in their glycosidic forme A compound c;Losely relatedto the flavones ~s 

recently isolated from the leaves of Acer airzuense .and. it was assigned the 

tentative structure VI (43). 

A wide variety of non-flavonoid glycosides has been ~ound distributed 

throughout the "leaves, bark and wood of the three hardwood species. Four 
'. . 

of the most common are salicin (VII), populin (6-benzoylsalicin) (VIII),' 
• '. 1 • 

tremuloidin (2-benzoylsalioin) and salireposide (II) 0 Salioin a.rid popÜ1in 

.have been known. for a very long time, having first been discovered in the 

bark of P .alba by Braconnot, in 18,30 (44), while the other two have only 

recently been isolated and oharaoterized (45,46). Since then, although . 

these four ·oompounds have been reported in the literature on numarous oocasions, 
;...-~-_. --

.. _ ... ______ ._ ... _ ... · .• ·_0. ___ _ 
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'VII . Salicin 

\ ' 

-, 
VIII Populin: R=H 

IX Salireposide: R a.OH 

. ' 

------
lkJthAi.1!444_ 4 _ .. -
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" , 

their occurrence has bee~ limitedtopoplarspe,?ies (3113513~.145-?4). 

The' majorityo1':'thework 'in: this1'iâlcl> bas been' done by. Pearl; rià.ri:i.ng ':,' 
"", ., "' . . . . ..' . " '. , .... 

andthëir.co-worker~ •... Gene~aUY~· •• ·thek,exper:inlent~lprocedurein~olves 
'. . -'. . . '. . \.. ".; ,.'. , '.:.' ,.", . .',. ~ ':".",.. -,-~.' ,", ,.:" .'. ':::;' ;.- ;: ..... :, "':. .,:- . , .. ". . " .: . 

.. , ..... ext;;ractionoithebark e.rld ieav~sCwith' hôt'Wat~ranC1·thentl·e~tnlCn'lt of .. ·· 
. .",. '". .' . . . '. . . "..... " '. '.' '.....'. '. . ' . . '. . '. ,. ~ '. ~ . " . . . . . 

.,' ,\,,'.,' 

.....,thisextraotw:l.til. basi~ · .. leacl ; ~hbacêt~t'eto'rieinove :t~~·,1'~e~·.··aoids •..... 
, . ':' ... -: :." .:....", ...... : .!'. .' ' .. :: : ". .' . '/ '. . . ., . .:..",. '. ".' . . '.: .. : " . '. . '. . . -.'" ". . .. " ..... ,.' . .' : -" ; : ' . .'. . '.' .' .. "i·. ' .. ~ .. ",:. '. : . ". : ,: .- ~: 

·····Thë·lead~aitsare riltëredand·then~he1':Utra.tE)l· atter~emoValôr " 
,. 

, exc;es~·lead;"is. concentratê'd ,aÏld .' sUbjected t().solv~nt1'ractionation. 
~ .. '. . ' . '" '" ~'-::', , :: . . " " '-, ' . . . 

. -.::,. 

, ' .. rearr~ges to' populiD.· .(5'5 156) ," In. o~d~rto' ~J.ariiYthi~ .sittia.t;:i~nl,a ," .' 
. ::'" i., • :.: :" ',,' .. ~ ." 

series or experimentswascondûctedWitheXt,r~cts.1'l:'om P .tremU1oides~. . '. ~' " . .' -. '. "" , .' ," . 
. ' ,"...- . , ... ,. );. " .. ' . - ~ -. . ~:', 

'and Pearlfotind thattreatment or .. the extiract'.withaIllinilln.iDl orlead· . 
. ; ," .,';", 

subacetate in the .. àoldYieidedtreml1lOiciin:lb~at:~lek~'e4:tem})eréLturëts'" . 

yieldedPOPÛlin (58). · 'nlUS;.itwa~ t~âtij.,l:i ~ost~i..te~.~hat:p'~~lj" ••.. 
. , ,.was an,artii'act or. i's~lation, La.terlthi~,ideawas<reject~d·(53r ':.' 

because similar extiracts involving no hydrolysisor basic c ond:i.t ions " 

'yielded bath popul:i.n andt:remuloidin. It might, benoted tbat' pol:)1.ù.in '.' 

was ·also:1.sohted by Faber: (48) fromthewood d o1' p,tremuloidesinart.· 

extract ~volving' neitherhydrolysis nor . basic. conditions ;,,'Ot;her .. 
, ", - . ' . " .. ,,"'. , ' . 

, , •• , glycosides from the bark or popJ.a.r Includegrandidentatin :Ôê}(S8) . and 
. ; , . ',". ' . .' " ~ " . , .. 

,i , 

.' t~:1.chocarpin· (XI) (59,60).·, Ot;hér'oio~ely;~lat~dgl:rcosid~sliricluding , 
. , "" .," 

'sàucoside (61162),' sallpopUliri' (63)',tr:1.Ploside(54); and salicyioylpopu-
" • " o,'. • . 

loside (61) also have been isolatedrromthebuds and leaves or poplar. 

The1me (5) 1 in addition to his reviewon the glycosides or Salix., has 

described the detection and isolation or a large nUmber or.phenolic glycosides 

.---' --' 
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X Grandidentatin . 

!J OH 

W-o-~ <-) 
o . 

XI Trichocarpin 

, 

(iilcluding those mentioned ·above) i"rom poplar. 

In' coi1junction'withthestudieson glycosidee" a large, number oi" 

low~olécu1a.r weight acidsanciassôciate~derivàtives bas. beendetected 

in~ious ~ElXtracts • The se ,acids 'g~nérallY occuras glycosides allÀ 

are liberated only a.t"ter 'saponi.ficat'ion, although very small amountis . "." ., .' ". " .. " .'" .... . '. . . . .:" , 

oi"the 'i"ree, ac1ds exist" pr~bablyaè a result oi" hydrolysis within the . '.'., . ."... ',,' -. . '. : ..:- - . 

·treeitsêli". Pearl (SO)' ~èxt,ractedpvplar-bark \dth,hot, water and, 
, . ';.' . ... ~"' .. 

aftêrsaporû..t"ication,i"o~p<bumà.ric a:cid" and salicy1 and genisy1 
. ,: :. ,', ' .', ',' " 



alcohols., The two alcohols could be formed by thehytirolysis ot 
salicin andsalireposide.; 'However ,in some cases, ganisyl alcohol '. '>. '" .",.. , 

, has been,foUnd\lJliennosa~posidè waspresent, possibly becausethe 
bark~oIltainedonè0:t"·.morciother ,glyoosides ot this alcohol.Oliher 

, acids ~eported,byP.~ari,ii1c:J.mie::vanilli.c ~,sYringiC, p-hytlroxyb enz oie , , , . ,,. ,., '", ',"" .. , .... : .... ',.' .. . ',', ':. ,':.: . .... " ":' .", .',:'. 

'and 'ferullc acids,'aga:i.Ii·a1i':inl~'c6n.ëentraf,ions ,as free acids but . . . .. ,", ", .. ' :', '.. ........ " " .. ', .. ' .. l, 

pre~ent: ~ mu~hlar~e~ alllourits~sglycosides (51,52). From the , ."', .. \ ",. '." '.' . . . 

• , expe;:bnental'proê~dUre·used'bY'Pe~i.,',it isnot possible to determine . '.' ... ' . ""') """ ... -, '. .' '. ·,',"C-. 

the JnrulIlèripWhich.~he~ê:âcièl~'·a:re.bouridin their natural state, ige., 
""" 
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\'fueth~r a~ e~ers ~ ~u~hasthebenzoY'l group in salireposide, or through ," :" ',' ,,' . 

their" phenolic "groups. Basic hydrolysis otboth acid and neut.ral 

fractions have yielded aU of these acids and this finding suggests 
that there is, in fact., a liberal distribution ot bath kinds ot 
linkages. The, sarna tractions were i'ound also to corItain some of t~e 
sugars to which the,se acids had been llnked. The sugars included 
galactose., arabinose., mannose, xy-Iose and rhamnose as well as' glucose (64). 

The role ot the lmr-molecular weight acids and their glycosides in 

the formation of lignin has been the, subject of considerable investigation. 
ID is postulated that, in trees, the various glycosides, including " . . 

coniferin and syringin, are actually' for.med outside the zone ot 
, . , 

' 

lignification and are then transported into this zone via the inner bark. 
Mugg (65) found 5everallow-molecularwei~_phenolic -~teria.ls in ne\of~ , 
formed aspenwood., and. these phenols, one of which was sinapaldehyde, might 
be considered as precursors oi' lignine Subsequently, Faber (43) investigated 
the inner bark of P.tremuloides and i'ound both coumaric and i'erulio acids. 
These findings are in harmony' with the Freudenberg biosynthetic pathway 
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, , ' 

tothe formation' ot lignin and the aCidswouldrepreselltan earlier .. ,,:. ','.:", . 

stage in the schehiê than 'sillapaldehyde. 
" '. :"<:,.-:. , . - ,",' .. ". ." .. 

wasfoUnd in the/~er'Wk. 
. "1", , .. 

Neither ,conii'erin nor 'syringin: 
.. . . . , . .... . 

.. ····,'1'·" . 

TheinvestA.~tion of ,low-mô1ecular weight acids has been carriecl'out;' 

along othel\.~': as Wall. 'KauriChGV, a.ndco~orlœrs (66) measureclthe " 
.::.~: :,;;}:",,!.:',,: " -. '. .'-.' '. 

found. to bê pre,s~nt in higher cOhcelltratiori~ in aspen than in birch; 

theyreachecl a' nia.xl.nnlnliri.:'springânéÎ' t.Iien'd~ëreased steacW.y unti1 
. . , . ' .. ' . . . . .', " . . 

September. Thewound exl.lciates otB.alba were ~lyzecl by Wolf (67) 

and were found.to colltain' citric and malic aoids. Unfort.unatel:y', this Une 

, ot study bas not, beenpursued further with these trees although sirnilar 

work bas been clone with other types of plants. Abramovitch, in one of a 

series of';papers on aspen heartwood (6S)" report.ed. the isolation of seme 
. . '. . .. ' 

,stêam~:v:olatile compOuncls from a benzene extract of the wood. The se 

compounds includecl phenol,benzyl alcohol, ~phenylethanol, o-ethylphenol 

and methylbenzoate. Since no saponification steps baclbeen includecl 

in the proceclure ,thesecompounds probabl:y' exist in the plant in this 

free state ,although. some'hydrë>lysis possibry-'couldhaveoccurrecl 

during the distillation., ether 'Volatile fractions from' oak, birch, 

poplar and cherry- contained a varièty ofacicls, 'aldehydes and ketones (69).' 

Chubinidze (70) showecl tbat the levaIs of these compounds increased in 

the trees withincre~~illg t~Inperat~B.nd expo~ure to light. 
. -' . . '. . . . . . . . : 

Like these low-molecular weight compounds, thefatty aCicls" alcohols, 

paraffins" etc. are also wiciel:y' scatterecl through. the various parts of 

trees. Most of the work with these substances bas been clone' withthe 
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wood and relatively' llttleWith ,the barkarui leav-es ~f ~irCh,,~~ie.,and, 
, poplar • This dcies not" of'· ,course , nècessarilyre~~ect their aetual 
distribution. In one of a series of studies on plaIit pla5tids}::i. 
Eichenberger and Grob (71) analyzed the Variations of the fattY'acicl' 
content of maple leaves. TheY' found that" of the three major component's" , ' ' 
linolenic acid VIaS the most abundant" and linoleic and. palmitic a.cids l'lere' ',' 
present in lesser amounts. In autumn~ the levels of1inolenica~id de~" 
creased conside17ably but this decrease VIaS countered bl" an increase' in, 
the C12 - C14 saturated acids. In order to investigate metabolic ' 
processes" Hossfield and Hunter (72) divided aspen bark into f'ourlayers' 
and extracted each with petroleum ether. The authors measured the' total 
extractives from each layer but" unfortunately" in isolating individual 
components, they used the whole bark. Thus, no comparative stuciy'could 
be made. They identified linoleic and lignoceric acids and ceryl alcohol. 

',"'t· The workup ilivolved saponification to freetheacids;- ând, therefo~e" . . -~ .. ,~-- .. did not permit the se workërsto deterroine the manner in which theacids 
, 

' had been bound in the natura,1 state. Again by saponification, Jensen, 
(73,74) , round that extracts of the suberinfrom birchb~k conta:i.ned 

. 
',' . , ',;' .., . '.. ,,' . eicosa:ile~iicarboxylic" l3- and ill-hydroxybehenic,9 ,,10 , ls:..trihydroxistearic "" ' 18,:,"hYdÎ',oxy.;;.~9 -oat.adecanoioal:Jd À90.00cta.decanedica:rboicyllc acid~.' , 

' ...... "., 

, As mentionedpreviously"Wood 'hasbeen amuch richer, sOUl'~e '~i ,',', " ' 
these materia1s than leavt=)s, perhaps because of the functionof' the' ' ' 
fatty acids in wood pulping'. Genèrally ,thechieffattY'acid components 
of aspen and birchwood have beenfound: to be oleio and lino1eio acids" 
w:i..th much sma11er am.ounts of the even';'numbered' saturated acids 014 - 026 
also present (75-80) • 'l'wo reports mention hentriacontane" the 031'-

h. ____ • _____________ • __ --

, . 

~ '. 
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paraffin (81) and a substance tentatively identified' as XII (82). 

Perlia (80) ex.amined the seasonal variations of ,'some acids in birchwood 

,21 

and found that palmitic, stearic, arachidic and behenic acids all reached 

maximum'levels between Januar,y and June and then decreased toa minimum 

in September. Propionic acid did the oppo~.itJ~~ ,Mile -butyric acid 

increased from a minimum in ~ch to a maximum in May. Since the free 

acids exist only in very' low concentrations" these experim.ental procedures 

also involved saponification. There has been soma l'10rk done ~o deter.mine 

the substances to which these acids are bound. As mentioned previously, 

Grob and Eichenberger (21) ~stablished that linoleic acidwas the 

esteri.fying 'acid 'of xanthophylle Buchanan' (77) detected glycerol among ", , ' 

, . 
the fatty acids in their wood ext~act, and it was present in a proportion 

',.,' 

corresponding to the existence of triglycerides and not mono- ordiglycerid~s~ : 

The nature of the individual glyceridesof fatty acids in wood, as in, any 

other biological tissue J is inherentlya very'difficult problem tosolve., 
'. .., 

, Fats normally consist of m.ixed triglycerides and; thus,fats with, say:' ," 

eight acidic componants could contain up t028el.ndividual sùbst~c~s. 
. ,. ,',o. " .• ,.', ' 

Even with just a fra'btion of thes~ substances present, thèir 5~pa.rëitiôn 

presents a formidabletask. 

'1\10 papers, one by Abramovitch (83) on ,theexeractives ~ the 

heartwood of P rtremuJ.oides, and oneby Pë~l (84) on the extractives of 

thewhole wood of the same species, provide soma interesting comparisons. 
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Abramovit. ~hextracte"d' the,' he~w()ocl,With'Pètroi~uIn'ether:, ;sepéU"ateclthe 
"'freeaci~s'~th~~~1i~ thenm~thY~t~dth~. ·'p~arl e~ra~ed~h~ " .... ..' ' .. ' '.' .,' ••. ." ." - .. ' .... ". . :, .. '. '!". : : -. , 

" Wlloiê.' ,~Ooè1'with.bêiiliè~e"::im& sa~6xtitied't~ij"~~~;ai";;~~ion ~'. ,,~~,' ~~eCt,ed ' 
.•... ·all~i~esai~~~ta~~yaCMsci2~<:2S~ce~ 62'1' ~~';eas A;'ramoVitch 

, reported the 027 acids inadditi~n to mostof~he'othars~InbOt.h 'cases~ - . . . 
" .' . . . . . . .' . 

thasa are the first reports of odd-numbered~atur~~ëdtatty':~c'ids ~dcurring . ... . . ' . 
. --- , ", " in plants. Similarly" Abramovitch detectéd the 024" C26"and02B ,' 

;' .. , . 
. ' saturated ,alcohols while Pearl found the 024~ 026 and 027 ~lcoholS.:\:It, ",," ' 
is difficult to judge if these differences with respect to finding the 
027 and. 02$ compounds are significant" for they may be due to differences 
in experimental technique. 

L:ike the long chain compounds, the terpenes and S'lï:eroids are also 
wide17 distributed within the various parts of trees. Betulin (XIII) 
was the first to he reported, having been isolated in 196,3 by Steiner (85) 
from the bark of a number of species of biroh. Shorlily therea!ter 
Pasich' (S6~::r:é?) and Jarolil!l reporlied the isolation of betulin from the, ' 

,'samesources, and" in addition" found a1s~ lupeol (XIV)" al1obetulin, 
(xVI)' and an unident:ii.':i.edestel" of, pet~è acid ,(:cr)., LùpeoJ.also ,," ' 

""o~c~s, ~:the'~b~oi'p.t'~~ni~'(89Y,,~".tith~'he~~;~od',~t .. P.t~ê~1ii()ides. 

~.(.). 
, 

, 

Lindgrenàl1Cisvahn ' (89 )'1soUted bOth .a,-' and" '~sit~~ërol~ and a glyc~sid~ . , .' : '. . .' 
, 

of one of these has ,beenreported by'Perlia (78)" bUt this compound was -. . . 

not completely characterized. Pearl and Harrocks ($4) have' commented 
, on this work of Eerlia in' conjunction with theirown research" They 
isolated a sterol fram the ;unsaponifiable fraction of a benzene6Xtract 
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of asp~nWoèd. . ThiscompoÛIldand it" s benzoate had optical rotations. 
and.1nf'raredspectra:··simi1B.r .•. tothose. or authentic'l3-sitosterol and 

" /~S~::~~ih~;f~~7r~~ic~~~~~o:::~e:m~~:t:Zc::tt ,'.: .......... .... •. .~.:;"':t.Mt:,_tlits';'~·nm:tel"irii.waà:1d~ntiëâ:L!tothat of Per~ .. butthat it,was not . i~4>{:1;;;riii;1~~{~~i~~~j{f~I~§j::S1:dt:" :e::~::lt: .::;::p~ctS" 
;;:I~:!j;s~r!~!:';J;;l~f~~~~t~b::t::::: ::o:~:~:e ::~~:t::o:l" ;' '~;'~::I:':,:.·: .. ,·::·' .• :>··ait:'1ritrared spectrum of the acetate can vary' considerably depending 
:"<:,:;:; ~,:. :.::./,;.::.:-,.' ~/;~',,: ,.) 
.(::·:::::\::.:·::'<.'ori·th~ method of crystallization. Abramovitch also showed that the' 
... :;. :;', (": '.~.'. : .. ::: \.':;":: "';;' ~'.':'" .(". ,> :'-:'.;. 

" , . ·\.,·,::::~;.;::':.;:I;>·discrepancies in Pearl's elemental analysis data were due to water of ... '. 
. ::crystallization. Subsequently, Pearl isolated l3-sitosterol tromthe 

:'., .... ,: .. ,.' .,bark of p. grandidentata (55). 

Furt.her work by Abramovitch with various extracts of aspen hea.rtwoOd.. ,',", 

. 'yielded tremulone (XVIII) (93):1 a,.. and {3-amyrin (XDC, XX),~eIlonol 
/,(XXI):I but,yrospermol and. 24-methylenecycloartanol (XXII) .. (90,"91).' .. . ····Ho~ver:t Abramovitch questions. whether tremulone and a;..a,mYren'?n.o1,are ';: J. 

.; ... ;really~turally occurring suostal1cesor ~.,O:' art~acts of isolation. . . 

' 

. . TrernulonEiJ .wa.s isolated trom anonsaponii;~able traction, but it 1s known 'th~t pa~Singo~gen through aquaous>colloidai suspensions of Gtarols 
contai~gthe. 5--ene~3-o1systemgivesrise tothe3" 7-diol and :3-o1-7-one 

; •... ',' .<."', 
. " 

. ..' 

derivative.Such an oxidation could have occurred during the Baponifi~ 
. cation step. Similarly, it is possible that a.-amyrenonol arises t'rom 
theoxidationof a.-amyrin. A compound which has propert.ies resembling 
tramulone hadbean isolated much earlier by Mitsu! (94) from sugar cane 

;. " 
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.. ~waxinYields:uptoO.2% •. According toAbramovitch, it would seem :. . ~ . ' : '. , ." . . . .'......" . ,'. .... : - ." 

"' .' ,. ,'. ::'" t::-'i. c'. • c. .•.•. ..... ", " " ... ~, .' ":uiuik~Jg~~h~tO~2%'~o1'an artifactsh6uldhàvebeen formedunder. Mitusi' s " • ~ • 
< , 

6on#~t~ri~.,;'it"i~PosfÎibleÎ ~heretore, thatthis' c()~pound was, in tact, . '.' .. :, .. ·.;..1.:-':',.·: ".',' ..... :;<:: .. :::' '.: i.',., "', 

•..• #~qlleaIlcjexi.t.eda.sSUCllintheSUg'!l" cane wax. . The work of 
~~~~~ii~,~h'~i~~~:,e6~~ht:;a,iy:~ip?ic.ate'd':b;,;'imdgren and Svahn (89) and' .... ' '.;.'.:'~.:.':' " '.<::':'):>:?.,:.~>,'.>~.' .. ' ....... :. " ........ ,'~ ' .. ; .. ' ... : : .. '....... , ','. 

:,>''th,ey.:rep'orted..the',deteciàoll 'ofcyc16artério1~. but not tremulone. '. This' .. .., .. ,.:' ".: ';",'~ "",_':\',""" ", ,.'\,.' ,.:;)' \J~.;:,"; ....... ::<: .. ';, ';"':~'::',':'~:.'::'.:.:: .. ~':,~ ".'.-'" :.'.'. ," ... : ~',>' ,1 ' ... ' ,:.' .' 

... ârgÙnLerit~:~~,,~t:lJi;·~e~bl veel.': , .• ", ", 1."". .••. _.' "', _ . .... ,. .. ,.;.: 

I.eaves, have.·yie:I.d,ed. ~:ri~be~"o{,'ot,lle~ : sterols ·aridterpenes •. 
,Foli~ntrio1 •. ··• ~XXI~I) ·,· ••. tolJ.enteira~i',(ih~;:bo~~s~6riéiing '. 3et;i2~ ;17et j'20~­
'. 'compound) 'from ~irc~"'l~a~e~" (95,96):,,~'an~'.i2~,:dO~~droXY-3-oXO-25,' 
. dammarene (3-oxo-follehtriol) and3-oxo~13(i8);ol~a.nene·· (XXIlla) . from 

black alder 1eaves (97) have beënreportéd'byFis~he~,~ci Seiler. 
, 

';", ,. ". ;., .... ',. ,0 , .. ,_ . 
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Kojima (81) iso1atedfriedelin and stigmastero1 (mlIb,c)fromtheleav~s ' 
of A.amoenum and HOlub (98) identifi~~Yl~~~~~~;(iriJ:~dr (t'~~structure' Of' 
which was subsequently determined by. Hunt.eranclBrogd~~, .'i2shet-betulenol : " '.' 

acetate, et- and ~-betulenol (XXJ:V)ândcarY6phyile~eand itsmonoxide , '. '. ", " '., ',.' ". " . 

from the oil of B. alba·. buds. Holubexpresseci thebeliefthat the' 
monoxide or. similar compounds may be intermediatesinthe :biogenesis of . . . '.' ... ". 

the betuleno1s fromcaryophyllene. '" , . .. " " 

Againthe question arises as to how these compoundse.x:i.st in the . 
,,' . 

natural state. Some have been.isolateda.sfreemateriBJ.s, suchas, ,. '. ,.- -.. , -, ,,', '. .:, ,., . ", "" ". -

those ,of KOjiino (81)' who. usedaiumina. chro~togr~phy, but mosthave 

been isolated from' sap0rrl.fiedextr~cts ••... Some headW~Y has been made 
. quite recently by Paasonen (82) who used acetone' to extract birchwoo~. 

He then investigated this extra ct with gasand thin layer chromatography 
and found mostly the esters of the sterols and triterpenoidalcohols. 

". ,; 
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.... "'lIe' mS' ablato dëterminethatthe solid. esters 1 at least ~ ,were' formed '.' 
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:: ....... ; .' .... ···fromlinolei~~~:i.d'~HoWever, this' i6. thé only such study t()'da~e~:; ." 
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....... : .. " 

... 
A wide .' variety ·ofidtrogen-ConiaJ.idng.coMpouZlds 'has' beenrêp6rted', ..... 

. ' ", '". .; . . . . . . '" . . . 
", ,.' ," 

':.,'" .:,', 

",' . ~ . ; ' .. : '. -

, sa.p"leavesa~pollën.Anumberof,,~ud~e~havebeen made on the 

seasonalvariations ,of amines àÏldarnin<?'adids • Inanalyzing maple,. 

sap 1 .' Cl~ments . (99)found~: that . duringthe early, tapping se~e(m~' ~here 

were traces of asparticand gluta.Iiû.c acide; valine and leucine •. 

After mid-season" the concentration of glutamic .acid increased sharply 

," . '.' .... 

...... _ .. _. __ ........ - .. ---_.- _.~---_._-_._--~. __ .. _-_ .. -. - .-.. _--_ ... ---_._----_._----------_._----_._-----_ ... _._. __ .- ---- --_. ".' ------------------
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H1t-N~--82NH.? ... 
01'N/~'9 ..... 
"'H," 

·Allà.ntoio Aoid . XXVI AlJ.anto1ll 

then decré~sed as gluba.m1né'appeared. The late-a~ason' sa.p oontained' ' " .. 
large amounts oi glutamine and increasing amounts oi' va,line and 

leucine. ~ Paralleling this study 18 a report by Plaisted (100) on 

changes in the aminoacids oi maple. leaves. The amount oi protein 

per leaf increased during late spring and ear~ summerJ' droppedto . 

.. a constant leyel in summer and then decreased rapidly:. during senescence. . . 
", ",- . . _. 

This patte~ was al~o i~l1owed by f3-a,minobutyric acid" serineaIld , 

glycine. Aspartic and glutamic acids~ as well as alanine~ were ro~ 
to be at a: maximum beiora springand decreased steadUythroughOut the' 

growing season" while gluta.mine , phenylalanine, tbreonine, le~cineand ' 
.' . . valine increased. ' These changes appe~ to fit well' with,the results' 

Clement' s work.' Other amines and aminoacids whichhave been found. 

~clud~ :a~par~ine :Ln the buds of P, basanifera (62), ~oad.iPi~a~id 
" in both the green and yellow leaves of A. platanoides (101), and 

. 'methylamine and isoamylamirie,,' ~lso trom maple leaves (102). 

"'-'.'~'''-' ,-, .. -.. __ .- .. ,_., ..... -.....•... - '-"---'~--""-'-'-"--,-- - ~ ..... -~ -.- ...... -.-_.' .. ' - .. _._'._--- ... _.---

. ',' 

....•... " 
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, Th,e, i'irgt; report 'oi'allantoicacid (XXV) ·inbjrch,popl~.r~~ . 

llJaple ca.ma:i'ro~Fosse'·, '(103-105)}, Latèr,Echavin (106).f:ouIlI:ttbat"·' ,', .. , .. ".. .-."' .. , .. - ".-,".' . '.' .": . ..... " . . 

, ',' thei'laweràndi'ruit 'ot A. pseudopl8.ntanus "', contained bath alla~toic . ," ;', ," ".,. ' .. ", '. ' .. - . '. . . ,. . 

'acid andallantoin ,(XXVI). The acid was present in higher concen-

trations than aria.nt.oinbetorè maturity but. the ~eversa was true,at 
complete ~turity. These two,compounds accounted for 25% of the' ' 
tota1N' iIl the 1eaves. In a study comparing the typas ot· nitrogen 
compounds transp0rl.ad by trees, Wolftgang and Mothes (107) reporlied. 
that map1e sap contained' allantoin and allantoic acid wJ:üle a1cier sap 
contained mostly citrulline, and elm had primarily asparê-gine. Virtanen 
and. Kari (ioS) compared the aminoacids in pollen with thosa in the 
laaves and need1es ot a number ot species of trees. Much more tree 
proline was round in·the pollen than in the green parts of the trees, 
while hydroxyproline and pipecolic acid were found exc1usively in the 

in the three genera umer review comes trom Pat cher , who isola.ted 

.gramine (XXVII) l'rom the leaves of A. saccharides (109,liO). This 

compound was previously knawn to occur only' in grasse s • 

. A tew other ~scellaneous compounds have been isolated trom birch" 
maple and popla.r. rrAcerlianintr was tirst mantioned in 1922, by Perkin 

, and U'y'eda (111) who isolated it ..t'rom the 1eaves of 'A. ginnala.. However, , 
. 

the structure was not i'ully e1ucidated until 1952. Kutani (129) proved , 1 ." ,,' . " 

30 

that this substance was 3,6-di(ga110y1)-1j5-anhydro-Q-g1ucito1. Quebrachito1 
(XXVIII) ~s a compound l'lhich 1s widely distributed in map1e. It has been 
either detected or isolated in a numbar 01: spacies (112-115), but there 
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XXVII Gramine 

" , 

is no menfiion of itsoecurrenee in bireh or poplar; This differenëe 

31 

may be significant 1 althoUgb perhaps its detection hasbeen iIiadverlently . 
, , 

, . , 

missed by workers in this field. Very little bas been reportec1oD. the' . ' 

occurrence of saponin in these "hardwoods:. He;ine '(U6, ui) detected .• ,' . . . '. 

saponins in th~ Ieaves of A. saccharides and the bark of A. ptatanoides 
, ,',' 

but "did not isolate them. ' , . "' 
Most of the work discussed in this review so far has involvedthe" . . , . . 

investigation of the non-polymerie constituents ,of trees. This in no 

way reflects the empbasis of the work done to date. , Per~ps equal, 

attention ~as been focused on both the, general chemical composition of 

trees and the study of the po~ric materials. However, since most of' , ' 

this' latter work is of interest to industrial and pol.ym.er chemists alona" 

only' brief mention of it \'r.i.ll be made. 

M'aple sap was studied intensively at the beginning of this century 

and the literature contains many reporls on stamardized procedures 

for the analysis of turbidity, flavor, puritYI etc. ' In addition, 

investigations have been made on the sugar levels in sapa (liS, U9, 123) 

.. _ ... --- -".--- .. - _. -". ..... .. -._... .-' _ ........ - --.- .' ..... -.. ' 

... ~ . 
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andthe':seasonal"fluotuations' of theselev~ls' '(120-122) ~'." Bark.· ~rao-", •..... , .. ,.,' .; . ' '. " tives.~ of '~ourse;~ve ~eOeiVed'Oo~Siderable attentiont;t"om.the'Ptl1p', .. 
, . and Paperindusti-y .• ', ' Usually~measu.rements hava been made 'on the total····· . .' . . ..' . '. , . • r . . • ,_. •. . '. - '. • ~ 

, .' mater:1al e:ld:.raoted by; ether~alooh9l~ water ~ eto.; the total pentos~s ~ , • • 'p "', •••• ,',' :.' • ". '. ,',' .', ", \. • " : ." ".,', 

. : hexosans, .celltllosë . and the total aoids~' nashn conténts~ ' .. Wood~ ,too, .' 
...... hasreoeivedthe. sam.e sort of 'treatment. Most: of the !unda.mental 

, researchhaSinvolved:the polysacoharides and: oligosaochal"ides inthè . . ~ .. . . .'. . 
. variousPart~ofthe'wood. '. Timell (124) and Sharkov .(125) have 
.prodttoed ,th~majorityof thework in this field •. 

~._ ••••• - _, __ •••• _ •• ,. - 0'. .- ••• _ ._ -.- _ _ ' ••••• _. ______ • -_ - ••••• -". - ----- - .,-;- •• ----______ • __ -:. ___ .~ •••• --•• --.--~-._-"-'.-.' -, -.,_. __ .-•. -.-+ •• -.- '-_.-.-.'.-'.-. -,' •. - .•• _ .•. _._-.-.-_.-- •.... __ ..... 
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CHAPTER II 

ISOLATION OF BIOLOGICALLY ACTIVE 

SUBSTANCES FROM BIRCH LEAVES 

..... , .. .' " 



. :\'. 

_._-- -_ ... _-_ .. -

\ .. 

-INTRODUCTION'. '. , - .'-

. . , '. .:'. ,~ .. , ." : , . . . . - -. :.' .' .' ' ... ' -' " ' . .,", , ." . , .. : " .' . ' . '. 

considera.ble interest ta plant physiologists formany yea.rs.< NWnerous 

studi~shave been made withauxins,gibberellins and kinins.·· However; 

i:t. was not untilquite recently that' the study of natural groWth in­

hibitors.became widespread. One of thefirst reports of endogenous 

, growth inhibiting'substances came from Hemberg in 1949 (1). The ether 

extracts of dormant potato peelings were partitioned into neutral and 

. acidic fractions, which were then chromatographed on paper. With an . 

Avena.curvature bioassay, growth inhibiting material was detected in 

both fractions. Subsequently, Hemberg found that there was a strong 

correlation between the levels of inhibitory material in the acidic 

fraction and ,the state of dormancy of the potato plant. The content of, 

the inhibitor dec'reased regularly with the resumption of growth. in 

spring (2-4). Similar studies were made by Buch and Smith (5) and they 

found that the relationship invariably held. Luckwill (6) extended 

this work to a number of other plants, again using paper chromatography . 

. in conjunction with bioassays. He detectedboth auxins and inhibitors. 

These techniques subsequently became quite standard. In 1953, Bennet­

Clark and Kefford (7) referred to an "inhibitor-J3 complex" ," agrowth 

.inhibitory material they found in acidic fractions of extracts from a 

variety of etiolated seedlings and roots. Shortly thereafter, a number 

of other workers reported the detection of "growth inhibitors" in a 

widerange of plant tissue. These include buds(8-l3), leaves (14 ... 17), 
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, fruit (16; 18-22),seeds (23-25) and. sap ,(26). ,:Some of. t~eprC?cedures, 
.. , . . :"." ;.: ,'" ": .. "'."' 

, u13ed, were quite similar"to t,hat:of Bennet:;'clark àndKefford and,;thûs, 

thevari()~~ workers :'ëlairiled'tohaye dêtectedthêsamê niaterial.: ' The', .... 

term "gro'l.fthiIll'libitor"ml,ghtb.e ndsieading.:That acompoundis 
. " .~.. . ... .". 

classi:ri~das' 'such m~ans only that 'it. inh1bit.ec1 the growth of sorne plant, 

tissue :inbio~ssay:;;,and' " in'nowayimplies thatthematerial isa 
. . ' . . 

" " ,"' '. . . 

naturally occurring gr0wthregulator. Only in some of the cases mentioned 

above (8, 11-13, 17, 24., 25) was the "growthinhibitor" det~ctedon the' 
. ' 

chromatogram shown to be relatedto ,the stateof dormancy of the plant. 

Some controversy as to the nature of these inhibitory materials began 

to arise. Housleyand Taylor (27), in examining potato peelings, 

isolated a substance chromatographically which corresponded to inhibitor-13." 

However, when large quanti t:i.es cf the peeling extracts were worked-

, up"the fraction which had the strongest inhibitory action and which 

corresponded to,theinhibitory zone on the chromatogram was found to be 

,Simply a mixture of fatty acids. The authors claimed that the growth 

inhibition of "13" was really the toxie effect ofthese acids. Koves and 

Varga (22, 28) and Varga (19, 20, 29,30) reported "13" to be a mixture' 

of coumarin and phenolic acide, including salicylic, cinnamic" ferulic 

and 2- and ~-,coumaric acids. Jones , and co-workers (31-33) subjected 

paper chromatbgrams of peach extracts to various spot tests andfound 

inhibitor-13 to consist of organic cyanides. 

It is quite possible that some of the compounds which are claimed 

to be "inhibitor-13" do, in fact, act as growth retardants, but there 

was also considerable evidence for the existence of a true, endogenous 

dormancy inducer. Lane and Bailey (34) detected an inhibitor 
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oorresponding to 1f13" in ~he buds ot silver maple, and then, in an 

extensive series ot tests aimed at identitying this material, eliminated 

as possibillties most ot the previousl~mentionedsUbstanoes~' ,Barlow (:35) 

extraotedthe shoots ot plum and showed tliat the inhib:ttor'isOlate~ by 

paper ohromatographyaoted' onwheatooleoptUes in areversible manner, 

i.e. grcmth resumed alter the sections had b~en washed'tree' ot the 

inhibitor. 
.. , 

Wareing and, his oo-workers have done oonsiderablework with a 

grMh ~bitor from the leavesofsyoamore •. The inhibitor Was firet 
.. .".. '. '. ". 

'deteoted in "1958 (:36)· and subsequent inv~stigationsshowed thatthis 
• •••• 1 ., • 

material was very olosely assooiated' with the onset otdormalloy in . 
. , 

the plant (:37, :38). The inhibitor, whi~hChromB.totiraPhioa~·oorres-. 
, '. . 

ponded t~ n art, was finally isolated as apure ~ompound ins~fioiènt 

quantity for identifioation (39). 'Itwàs found tobeidentioal with .' • 

.. absoisin II, an ~bsoission aooelerator isolated reoently' from ootton ' " 

plants, by Addioott and his oo-workers (40, 41). 

Another' oompound, naringenin (~, 5, 7:' tr~oxytlavanone) has 

also bee~ clo66ly associated with dormancy. . ': It was isolated in 

1959by Hendershott and Walker (42) frOl!1 dormantpeachbuds, and,is.'.one 

of the few flavonoids for which growth regulatory aotivity has been 

demonstrated convincingly. ' 

In view of these findings, the aoidic oomponants of birch leaves 

have been examined for the possible existence of other endogenous growth 

regulators, and to study further the. physiologioal role of the flavonoids. 

White birch trees" being one ot the mo~ ... _populous sp;cies in Canada, were 

seleoted for the work beoause they are eas~ accessible. 

". 



METHODS AND RESULTS 

The greenleaves,of Canacü.a;.-.. -,.jlite .birch (Bettilâ -papyrif'era.)were 

ext.ractedwith · 'aqueous' methanol.The metha.noi 'fromthis -solution was -

- removedbyevaporation and thé re~ining~queous m:Lx:t.ure. was aciclified 

and eXtractedwithbutanol •. ' This,: in turn,was mractedWithsodiUIIl 
. ,', .' :." " . 
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bicarbonate" acid:tfied and re-extracted wit~ butanol. ,It was orig:inally .. 

, intencledto invest1gatethis acidic' fractibn forgrowth regtÎlatory' sub-o . 
, .'.' . . . . .:.' . , .' . . " . 

stancesby meansofthin layer chromatography _ (TLO) , and bioas~ys. 
, . . . . , 

'Silica gelTLC isasimplebutpowerful separatory technique. A sY'stem­

atic search wasinitiated to find,a.,solveœ-,syStem which would, clean17 
. '," . 

separatea maximum number. of componaœs oi: the acid mixture. Over 200 

individ~l systemsweretested. The best onewasbenzene: ethylacetate: 

water:acetone: :1:1: 1:5. _ Totest the various .fractionsforbiological-, 

activity,the chromatogram was divided1Iltotweœysections andeithe~ 
, . -

eluted withmethanolor tested directly on the oatcole~Ptile bioassay 
. - . 

as described by Nitsch and Nitsch (4.3). 'Two problemswere:Lmmediately 

'encountered. The recovery of material fromthe sillca gel was very low 
. . 

(-50-75%>, and the ~ilica gel itself (Silica gel H), or some coœaminant 

within it, had a taxic affect on the coleoptile sections. These factors 

made such an approach .unsuitable. Chromatography on a silica gel column 

was likewise unsuitable. The silica gel was thoroughly washed before 
~ , - . ' 

use and the eluates were filtered eXtensively. This pa.rt.ially removed 

the toxicity problem, but again" the recovery of material was low and the 

resolution" even with solvent modifications, was too poor for the results 

of the bioassays to be conclusive. Thin layer chromatography on micro-



crystalline cellulose (44) gave signi.ficantly better results. It is 

non-toxic to stem growt;h~ and similar to~ but more convenient than, 
paper chromatography. The se arch . for a suitable solvent system was 

based on those used with paper. The best was found to be n-butanol: 

i-propanol: water: NH40H (conc) : :;:;:1:1. This gave two distinct 

inhibitory fractions, at R.f O.;; - 0.6; ~ and Rf 0.70 - 0.80 (fig.l). 
The material in these two zones was eluted from the chromatogram with 
methanol. The· substances so obtained were impure· but their infrared 

spectra .were· recorded~as shown in figs. (2) and (3). The spectrum 

o.f the first fraction,.R,t O.;; - 0.6;" is similar to that of an 

unsaturated fattyacid (o:.;.H ~tretching" 32;Ocm-l , carbonyl stretching~ 
170;cm-l , conjugated C=C st.retching~ l6l;cm-l ). The spectrum of the 

second f'raction" R.r 0.70 - 0.80, suggested that the major portion 
was a flavonoid. The spectrum of quercetin is shown in .fig. 0 .. ) for 
comparison. The two· are not identical but the similarity is close. 

An attempt was made to isolate larger quantities of this substance 
by chromatography of' the acidic mixture on a cellulose column. However~ 

the re solut ion deteriorated considerably even with solvent modifications 
and theinhibitory f'raction correspond1ng to the f'lavonoid substance 

could not be detected by bioassay. It was subsequently decided to 

examine the ketonic fraction of' this acidic mixture by other physical 
and chemical methods andto test the various components .for biologie al 
activity. 

The ether-soluble .fraction of' the lllixture was treated with Girard' s 
Reagent-P to remove the non-ketonic constituents. The water-soluble 
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~ .. , 
VI WORKUP OF BIRCH LEAF EXTRACT 

Leaves 

1 

Aqueous MeOH Extract 
1 

Acid~c Fralt-~_i_o_n_(A_) ______ --.. 

Ether Insol. (C) Ether Sol. (B) 

Girards Rea ent 

Water Sol. Fract. (D) 

Acidification 

1 
MeOH Insol. 
Ellagic Acid 

Further ~ydrolysis 

Ether Extract (E) BuOH Ex:tract (F) 

1 Methylation 
Querc et in 

1 
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Tetra~ethyl Ellagic Acid Hexa~ethyl ~~icetin 

Thlknown . 

Tetra-O-Methyl Quercetin 

Tri-O-Methyl Gallic Acid 



ketonic m:i.xt;ure was hydroyzed under mild conditions and then exliracted 

with ether. This exhract was methylated with diazomethane and" after 

it had stood at room temperatura for ashorli t:lJne""a white solid pre­
cipitated.' This material was quite dift-icult,to' purif;r dueto its . 

insolubility in most solvants. It was crysl:.allized from a large volume 

47 

of dichloromethane. Mass spectroscop;r (fig.S) il'ldicated tbat it bad, a 

molecula.r waight of 35S and isotopie analysis fit', the empirical formula. 

C1SH140S. This was confirmed byelemental analysis" and a search of the 
literature suggested. that this compound was the tetra-o-methy'l ether of ellagic , 

, . 
acid CI). A sample of this compound was prepared by treating authentic 
ellagic acid with diazomethane" and it proved to be identical with the isolated 
compound. 

Evaporation of the supernatant liquid from which the ellagic acid 

derivative had been obtained" yielded a bright yellow aubstanc~ which was 
easi~ crysta11ize~ from alcohol. Again" mass spectroscopy (fig.6) and. 

elemental ana~sis sÛggested the formula C15H60:f0CH3~4:. The material 
corresponded to 5-hydroxy-3,,3' ;4' ,,7-tetramethoxyflavone as reporlied in the 
literature and. this was confirmed by synthe sis • 

When the mother tiquor from this compound was evaporated" an o~ 
m:i.xt;ure was obtained from which nothing more coul.d.. be crystallized. This 
oil was chromatographed on silica gel giving one fairlywell resolved spot. 
It 't'laS eluted with dichloromethane" buè attempts at crystall1zation were not 
successful" hecause of its low melting point. The inf'rared apectrum. indicated 
that this coriIpound was the methyl ester of a carboxylic acid. It was sapon­
ified with sodium hydroxide and the reaction product was purified by column 
chromatographyand crystallization from. ether. It was identified" b;r 
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its infrared spectrum and mixed melting point, as tri-o-methylgallic acid. 
The water-soluble ketonic Il1i.xture was hydrolyzed further and 

extracted with, butanol. ' Theet~er-s~lubleportiionoftlU.s fraction. ' 
'yielded ayellôw, solid substanc0\vhichcoUld notbepurified. 

, ,. Uowever ,the Wrared ." ~pectrum' of: the~rlide subst:ànce ,ind1cated ,'. ,,' 
that it wasquerc~tj.n itsel:f. ," It, was treatedwithaceticanhydride ,', " " 

, andsbd1um acetate' togive aneasily cr.Vstal.ll~edwhitesolid.,," , ',.' '.. . . . , '. . '. -.' '. :.",. .', 

, 'Silliuar treatment of au~hentic quercetin yielded ," an identicâl " 

compound whl.ch ,was shown byniass spect,roscopy (fig.7)'tobethe~ 
", tetra-acetate of quercetin. 

; 

The mother liquor of the quercetin fraction was eva.poratedto 
dryness and shaken with water. This extracted a whitesusp~si()n' ' ' 
from the oUy res1due.' Mass spectr~ (fig. B)and elementaJ. ~sis' ' ' 
data gave the compound a tentative formUla C

15
H
4

02 (OCH
3

) 6· ,The 
• 

L • • infrared spectrum was found to be identicalwith that of Hergert (57) . 
. ..". ,'.' 

for the hexa-o-methyl ether of myricetin (3,3' ,4' ,5,5"'l-he.xameth~,,:,, 
flavone). 

. 
.' . 

The ether-insoluble portion of the ol·iginal acidicfra.ction Was . ' 

shaken with methanol, dissolving most of thematerial." ,'J\f'tèr several ' ". . . . . ".', ".' . 
washings with methanol, a light yellow residue remainedundissolved. 

. . .' '.. :' . 

This substance could not ,be purified by crystallizatio~, chromatography 
',' ; ", 

or sublimation. Consequently, it ,was acetylatedto give a White solid' 
which was purified by successive precipitations from bOiling chloroform. 
Infrared spectrum showed that this was ellagic aciditself. 

After treatment of the acidicfraction with Girard's Reagent and -------diazomethane, another'compound was isolated from the samefraction as 
5-hydr~-3,3',4',7-tetrametho~flavone. Unfortunately, the amount of 
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material obtà.iried. ( -6Omg). l'laS ·toosmall for a· complete elucidation ot 
structure, and attenlpts ta· iSOlate ~o;e trama . sec~nd sampleot· i~aves . '. . .'. .... '. [', ' .-

were not successiUJ.. However,.thesamples'werenotcollected atexa.ct~ .. 
the sarne tke· of year; failure tofind the. compound inthesecondsample . .".... .. " .' . ,',' . " .. ".. -" ,- ,.' . 
may suggest that its ·Ievel in the Ieaves varies significant~. Intrared 
and mass ,speetraare shawn iniig~>(~r~(lO).The··massspectrum . - ; 

.~ ... .. .. ---..... . 

shows a parent peak ~t mIe ~. 3BS with àli~t impurities at mie = 402 and 
374. Isotopie analysis indicates an empirical formula C2cJI200S ~This . is 
substantiated by .. eIemental analysis~ which also indicates the presence. ot 
5 methoxyl groups. These data correspond 'ta a hexahydrox:y.flavone. 

Methylation otthe smh hydroxyl group -W:0uld aecountfor the impurity 
at mIe .= 402. The infr~ed speetrum shows ~oxyl absorPtion at 

-1· . . , . '33S5cm l'Thich is too high tor a 3- or 7-hydroxy:t:lavone. A 5-h.ydroxyl 

.. , .0._'.' 0._ ... _._. ____________________ . _____ .. ______ _ 
• _____ . ____ - ." .•. _o' •• ____ • " ____ • ___ t._ ....••• _____ ..••. -- ..• ----.-----.--.-.-•. ----.---.---.---------.:-+-~----.--.----=-.. ----.-.--~- --- _ .. --... _--" 
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group shows no absorption. The peak, however" does fit for a hydro:xyl on 

the l'B'' ring of a tlavone. The absorption at 1623cm-1 corresponds 

to the carbonyl group of a 5-methoxyflavone (1,,5). There are no 

appropriate infrared spectra in the literature with which this. 
. . . 

oompound. might be compared. 

The biological activitiesotthe.tlavonesare discussed in .. 

Chapter III. 

--­.---
---_ .... 
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DISCUSSION 

The isolation of hexa-O-methyl ~icetin is quite intereat­
ing. Although myricetin itself is widely distributed throughout the 
plant world, it has been detected inbirch only once, as the 3-
digalactoside, in Betulaverrucosa and B. pubescens (SO) and has not 
yet been detected in poplar or maple. Metbyl derivatives ofmwricetin 
are much rarer than the parent compound in plant tissue. There exista 
in the literature only one report of a naturalJ.y occurring 5-:Q-methy1 
ether of myricetin. Egger (51) isolated such a compound fromthe 
~etals of rhododendron in 1962. This, then, ia the first reported 
isolation of naturalJ.y occurring hexamethyl ~icetin from plant 
material. However, the isolation of t~is compound perhaps is 
not so surprising in the light of the finding of .Q-metbyl 

deri vati ves of both quercetin and ellagic acid from the aame leaf 
extract. 
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Ellagic acid is one of the most common yellow pigments in the plant 
world. It generally occurs as a mono- or polyglycoside and is often found 
in conjunction with myricetin and gallic acid.· An extensive survey of the 
distribution of ellagic acid has been compiled by Bate-5mith (52). Although 
it occurs in common trees such as alder, beech and oak, it has not pre-
viously been detected in birch, poplar or maple. Ellagic acid i~ 
essentially insoluble in ether and was correspondin~ isolated from the 
ether-insoluble fraction of the acids mixture. However, the tetra~-methy1 
ether derivative came from the ether-soluble fraction, suggesting that, 

M'Mt . ,. ~,. J •• 



" " . 

, " 

.' ... 

In R = CH ' ,3 

" 

as with quercetin, it was methylated to a certain extent to begin with. 
Only tw~ methyl ethers of ellagic acid are known as natural products, 
the dimethylether (II) which was isolated from the roots of Euphorbia 
formosana (57), ~d the trimethyl ether (III) from the bark of 
Eugenia maire .(58). 

The isolation of a gallic acid derivative' is not surprising in .. 
view of the presence of ellagic acid. Again, the original methylation 

.pattern could not be determined. This'material is believed to be a 
precursor of ellagic acid since oxidative coupling of the esters of 
gallic acid, followed by lactonization gives this compound • 

. ----. 
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EXPERIMENTAL 

Melting points were d~termined on a calibrated Fisher-Johns 

apparat us.· Infrared spectra were recorded on a Unicam SPlOO 
~ ~ 

spectrophotometer. Mass speotra were measured by the Morgan" \ 

Scbaffer Corp." Montreal" on a Hitachi Perldn-Elmer RMU-60 mass 

spectrometer 'operating at 70 ev 0 Elemental analyses were done by 

Beller Mikroanalytisches Laborat.orium", Gottingen" W. Germany" aud 

Schwarzkopf Mircoanalytical Iaboratory" WOodside" N.Y. Yields of 

the isolated compounds are expressed as percentage of dry l-reight of 

the leaves. Diazomethane was prepared from N-methyl~N-nitroso-p­

toluenesulphonamide according to Vogal (53). Acetylati,?ns were done 

according to Shriner (54). 

LEAF EXTRACT, ACro FRACTION (A) 

Green leaves of, Canaclian white birch (Betula papyrifera)" 258 kg 
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wet weight" were colleoted in July" 1965 at the Petawawa Forest Ex:periment 

station" Chalk River" Ontario. ,They were irmnediateq placed in 80% aqueous 

methanol. Art;er two days of intermittent ~gitation at room temperature" 

the alcoholic extract was filtered and evaporated under vacuum at 50°C 

. until most of the alcoho1 had been removed. The remaining aqueous 

solution was acidified to pH 3 with HCl and. exl;racted with n-butanol. 

The butanol fraction was extracted with 5% sodium bicarbonate and. the· 

extiract was acidified to pH 3 with HCl and re-extracted with n-butanol. 

This butanol extract (A) contains the acidic ,fraction" and allsubsequent 

work was done'with this material. . Dry weight" 182 kg • 

... --- ....... - - .... " ... ' . - .... -- --"- -_. -_.-- .---- -" ". -._ ... _ ..•. - _ ... _--_. -- .... " .. -._-" . _. -.' _. - .. ----------------



CHROIv1ATOGRAPHY ANp )3IOASSAYS 

Thin la.yèr and column chrOn1àtogl.'aphy w.i. th silica gel ~'tas done in 

the usual manner. Ttc l'lith miCl."oc:t'l'-sta.Jiine oellulose was done as 

described by \'lo1f~09om ~ al (1;1;.).. l,ücj;,ccl"·Yf;tz.lline cellulose and water 

't'lere blended togather in proportions of l:J~ w/'<1. T'ne slm"X'Y was placed 

under vacuum for a iE.~'l mi...:.utea to remove the aiz', and then it "r'Tas spread 

on glass plates, at a thickness of 1.0 mm for prep::,,;,"ative work, and 

a.llm'led to dry at roo:J. tempcratul"a for 24 hou:;."s. Fraction (A) iias 

applied to the chromatogra..'TIZ as a methanol solution a..'"ld the plates "lere 

developed in ~he system I-butanol: 2-propa..'"lol: H20: Wn40H (conc)::5:5:1:1. 

The chromatograi'n.s \-10::.. .. (;1 diviciod into 20 equal sect,ions ,a.."4d eluted idth 

met:'lanol. T'ne eluc.tcs l'lere placed in 10 ml beakers and evaporated to 

~~ess at a s1ight~ elevated temperature. The oat coleoptile bioass~s 

",';ere conducted in these beakers exa.ctly as described by Nitsch (4.3). 

DIPHENIC ACID: 6.26-I?IHYDR01"Y-!cJ!±.' 15.J5'-TETRPJ·1ETHOXY-" Di-c(-LACTONE 

(TETRA-O-}:Œ?Hl'I. J~;ll5~r.c lCID) 

~~~ract (A) was 0vaporated to ~~ess under vacuUQ at 60°C and 

divided ir..:to ethoz:,--:;c]:û.ble (B) a::.~d etr.er-insolublo CC) fraction;.:;. 

F.:.~action (B) ';'las ~";laporated. J.:,o cL..~.ess and dissolved in methanol. It l'laS 

trcated l'Jith Gi1"a~d~s Reagent-P according to Vogel (55) and the reaction 
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m:..:-.;-;'ure "las po~"'c.d inJ"o vratel". The l'lat,er-soluble fraction (D) l'las acidified 

l'.'it.h HCl to a concoot:i:'ô,J"ion of O. 25N and allol'lad to sta."ld at l"oom temper-

a-c,u.:-e tor 1 hour. It was then G4-tracted four times with ether. The 

ether fraction (E) ~ras dricd over Na2SOL;. and methylated vrlth e.:i:CeS3 

CH2N2 at -2Q°C and 1 ~;,~:";:'0r r.aach:Lr..g room temperature, a l'lhiJ"e solid 



precipitated. It l'laS removed by centrifugation, crystallized from 
.. 

dichlo~omethane and identified as tetra-o-methyl ellagic acid, m.p. 330°C. 

Anal: Calcd. for C18~08: C, 60.39; H, 3.95; 0, 35.75 

Found: C, 60.45; H, 4.00; 0, 34.64 

Mass Spec: Req'd: P, 100; P+l, 19.91; P+2, 3.47 

Found: P, 100; P+1, 19.70; P+2, 3.35 

Yield, 1.96 gm, 0.0011%. ~ 

5-HYDROXY-3,3',41 .7-TETRAMETHOXYFLAVONE 

The supernatant fraction (E) was ~vaporated to a small volume and 

a yellow soUd separated. It was fi1tered, crystallized trom ethanol 

and identified as 3,3',4',7-tetra-o-methoxyquercetin, m.p. 157.0-157.5°0. 
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~: Oalcd. for C19~807: C, 

Found: 0, 

63.67; H, 5.07; 

63.44; H, 5.03; 

0, 31.25; 

0, 31.24; 

4(OCH3), 34.62 

(OCH3), 34.20 

Mass Spec: Req':d: P, 100; P+1, 21.1; P+2, 3.51 

Found: P, 100, P+1, 21.2; P+2, 3~48 

Yie1d, 7.4 gm, 0.0041%. 

TRI-o-METHYL GALLIO AOID 

. The mother liquor from fraction (E), after removal of the quercetin 

derivative, Was subjected to thin layer chromatography on silica gelH, 

using the solvent system, dichloromethane : methanol ;: 20 : 1. The 

fraction at Rf 0.35-0.45 (colorless; blue fluorescence under U.V. lamp) 
. ' 

owas,eluted with dichloromethane. It was dissolved in methanol and heated 

at 50°C for two hours with 5% a9,ueous NaOH. The reactian mixture \'ias 

acidified with H01 to pH 3 and then extracted with ether. The ether extract 

was chromatographed on a silica gel co1umn, using ether as the solvent. The 



tluoresoent fraction was oollectéd and the solid materia1 orystallized 

from ether, giving 3,4~5-trimethoxybenzoic aoid, m.p. 16S..;169°0. The 

infrared speotrum ot authentio material was identioal" mixed melting 

point was unohanged. Yield., - 60 mg. 

1~.3t.-.lIt!.1i5 ,7-PENTAliXDMXXFLAWNE'n-P-WMPl1p;m 
The aqueous traotion (D) was aoidif'ied further '\d.th HOl, to a con-
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oentration of O.SN, and then stirred for 24 hours at 40°0. It l'ras ex­

tracted '\d.th I-butanol and the extract wS.s evaporated under vacuum at 50°0. 

The solid residue was shaken with ethor;- and when the ether-solub::3 fraction 

(F) was dried over Na2S04 and evaporated to a small. volume, a bright yellow 

solid preoipitated. Attempts at purifioation were tUlsuocessful. Orystal-

lization from alcohol or acetone caused apparent decomposition. However, 

the infrared spectrum. of the crude material was similar to that of quercetin. 

This substance was acetylated to give a \-mite solid (G) '\'lhich was crystal­

lized from methanol" m.p. 194-196°0. Authentic quercetin was treated in 

a similar manner to yield a substanoe identioa1 to (G). The mo1eoular 

weight peak of the mass speotrum. showed that this compound was the tetra­

acetate of queroetin. Yield" 23 gin" 0.026%. 

3,3',4',5.5 t ,7-HEXAMETHOXYFLAVONE 

The mother liquor of (F) was evaporated to dryness to give a visoous 

yellow-brown tar. _ ';fuis was shaken with water for two hours and a l'lhite 

suspension formed. The suspension was decanted and the solid phase cent-

rifuged. It was orysta1lized from ether and identified as the hexa.-O-

methy1 ether of ~icetin" m.p. 154.5-155.0°0. 

Anal: 

Found: 

.. -----

6 (000
3
), 43.26 

(OCH3)" 45.57 



~" ~ ~, 

~ 
" 

Mass S~c: Req'd: PI 100; P+11 23.35; P+21 4.21 

Found: PI 100; P+11 22.86; P+21 4.17 

Yield" 0.97 gIn" 0.00053%. 

6,6-DIHYDROXY-4,4'.5,5 t -TETRAHYDROXYDIPEENIC ACID, cr-DI-LACTO~ 
(ELLAGIC ACID) 
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Fraction (C) was shaken with mathano1 repeated~ unti1 o~ a Ught 
yellow solid residue remained undisso1ved. It was removed by centrifuga­
tion but aU attempts at purification by crysta1lization" sublima:tion 
and chromatography were unsuccessful. The compound was acetylated to 
give a white soUd which was purified by successive precipitations 
from boiling ch1oroform" and then was identified as the tetraacetate 
of ellagic acid" m.p. 310°C (dec). 

Anal: Calcd. for C22H14 °12: C" 56.21; H" 3.01; 0" 40.81; 4 (OCH3) " 36.6 
Found: C" 55.90; H" 2.98" 0" 40.73; (OCH3)" 36.4 

Yield" 1.35 gIn" 0.00074%. 

UNKNOWN 

Fraction (E) was evaporated to a, smaU volume and a yel10w solid 
crystal1ized out (before the separation of the quercetin derivative). 
It was recrysta11ized from ethano1" m.p. 230-231°C. 

Anal: Calcd. for C2cf!2008: CI 61.91; H" 5'.21; 5 (OCH3) " 38.70 

Found: CI 61.19; H" 5.42; (OCH3)" 34.62 
Maas Spec: Req'd: P" 100; P+l" 22.24; P+2" 3.90 

Found: P" 100; P+l, 21.99; P+2" 3.81 
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CHAPTER III 

FLA VONOIDS AS PLANT GROWTH REGULATORS 



INTRODUCTION 

The preliminar.y work described in Chapter II indicated that a 
flavonoid compound~ possib~ quite similar to que~cetinl was found to 
be a significant inhibitor of oat colepotile growth. Naringenin 
reporte~ has a similar effect. Little is known about the actual 
physiological properties of the flavonoids l but fram these results it 
seemed possible that they might play an active role in the growth 
regulation of plants. Thel"ci'e::.'\:;" in addition to those isolated in this 
work, a wide variety of other flavones was tested for their biological 
activity. 

Early work with natural plant growth regulators has been focused 
on determining the correlation between their action in bioassays and 
the fluctuations of their concentrations in the plant during the 
corresponding growth phenomenon. Indole-3-acetic acid (IAA) was first 
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discovered in experiments with grass shoots. The acid was found to be 
responsible for localized growth promotion (e.g. curvature) in the plant. 
Similar investigations of dormant plant material first yielded abscisin 
II, believed to be a major factor in the control of dormancy. The 
physiological role of the flavonoids in plant growth regulation has been 
the subject of considerable investigation for the past decadel but no 
conclusive evidence has yet been advanced to show that the,y actu~ play 
a significant part in the growth cycle. Certainly" relationships such 
as those which have been demonstrated for IAA and abscisin II are scarce. 
Hendershott and Walker (1) isolated riaringenin (table I) !rom the dormant , 

flower buds of peach. This substance did act as a growth inhibitor in 
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TABLE l 

FL.~.VONES -

.. 5' 7 \' ' " 
2· ~ 

FUVONE 
l 

CHRYSIN ' OH . OH , 

.. TEC'l'OCHRYSIN OH OCH~ 
" APIGENIN OH OH OH 

ACACETIN OH ··OH OC.H3 DATISCETIN . OH OH OH OH , 

FISETIN OH OH ,;'QH OH " 

KA.E2·lPFEROL " OH. OH :OH OH 
QUEROETIN OH OH OH OH O·.:r •• 
RHAMNETIN OH OH OCH~ OH C}! 
l-IORIN OH OR OH OH OH 
M'YRICETIN OH OH . OH OH OH OH 

l ',' 

\, 

.' 
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FLAVANONES 7 

FLAVANONE 

pnmCEMBRIN 

NARINGENlN 

HESPERETIN 

PINOBASKIN 

AROMADENDRIN 

ISOFLAVONES 

.1 GENIS rEIN 
BIOCHANNIN A 

TABLE l - CONT~D . 

OH 

OH 

1 1 

5 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

7 

OH 

.OH 

OH 

OH 

OH 

OH 

. OH 

NARINGDI: Naringenin-7-rhamnoglucoside 

HESPERIDIN: Hesper~tin-7~-rutinoside 

3' 
.. 

OH 

1 1 

PHLORETIN: 2~,4,4'~6t-Tetrahydroxydihydrochalcone 
PHLORIDZIN: 29~luco6ide ot Phloretin 
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bioassays and it s content in the plant decreased during winter until 

dormancy was broken. More recently" Bagni and Francassini (2) .found that 
naringenin" when applied·at concentrations o.f 10-4M" campletely blocked . 
the .formation o.f buds in the roots o.f Cichorium intybus, and even--at lowsr 
concentrations the bud .formation was signif'icant~ reduced. Phloridzin 
has also been implicated in the control of dormancy in apple- (3,4). 
Sarapuu (5-7) studied young apple shoots throughout the winter aM found 
that it accumulated during the summer until the ons et of dorm.a.ncy and then 
decreased steadily until growth resumed in spring. Hagan and co-workers (8) -."., 

re~orted that, in grapefruit" a number of flavonoid.s, including naringenin" 
naringin" hesperidil;l and. neohesperid.in" reached maximum levels in July and. 

then decreased rapidly until late November. These .fluctuations in the 

levels o,f naringenin" phloridzin and the f'lavones in grape.fruit aIl 

pa~anel those which have been found for abscisin II. It is interesting , . 

tonote also that 'both naringenin and abscisin II reach maximum levels in 

dormant peach" so that both compounds might be closely associated with 

this dormancy (9). Whether or not these two compounds are interrelated and 
whether or not a similar relation exists with other flavonoids remains to be 
se en • Analogous experimental data have also associated the .flavonoids with 
the induction o.f flowering (10), the movement of tendrils (n)" disease 
resistance within plants (12)" and the ability of plants to root (13). 

The reported findings on the action of naringenin prompted a number 
of workers to investigate the gro\'Ttih effects of many other flavonoids. This 
problem has been studied from two aspects: Their i!! YiY.2. action" mainly 
in assorted bioassays; and their in. vitro action" generally with IAA-oxidase. 
Closely paralleling this work are a number of studies on the physiological 

"J,. < .,.._ " •• " 4 F 
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properties of.' simpler phenols and phenolic acide. Comparieon of.' these 

reports reveals a significant relationshipl and the two must be discussed 

together. 

The f.'irst experiments were conducted in 1961 by stenlid (14) 1 

who tested the effects of.' sorne flavonoide on the growl:ih of.' wheat roots. 

It is generally believed (15) that roots containa supra-optimal amount 

of IAA which acts as a growl:ih inhibitor. Therefore 1 the addition of more 

of this auxin 'increases the irihibition while decreaswg its level promotes 

root growth. The flavones were tested alone for their effect on the endog­

enous systeml and in conjunction with additional auxins and sugars 1 aU 

of which are known to inhibit root growt;h. Above certain ooncentrations 1 

all of the flavones acted as inhibitors. Below these critical levels 

(unique for each sub~ance) some compounds l pinobaekin, pinocembhi:n,'; 

and genisteinl signif.'icantly accelerated the root growl:ih. The others 

had little or no effect. With the addition of the various auxins and sugars, 

the inhibition normaily caused by these compounds were relieved to a 

considerable e~ent by nearly ail of the flavonoids. In a similar experiment 

with anthocyanins (16) 1 it was found again that almost aIl of these com­

pounds alleviated the auxin- and sugar-induced inhibition, of root growth. 

The flavonoids which behave in this wa:y are acting in a manner similar 

to known 'antiauxins and possibly soma sort of antagonistic effects can 

be inf.'erred. But it must be broader than a simple antiauxin eft'ect since 

the sugars are also involved. 

Nitsch and Nitsch (17,18) tested the modifying effects of a wide .--~-' 

variety of phenols, phenolio acids and flavones .on the IAA-induced growth 

of oat first internode sections. They found tha.t the monophenols 
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~-, ID"':", .l2,-cresol and phenol itself inhibited the growth as did the 
metadiphenol resorcinol. The orthodiphenols catechol and protocatechuic 
and caffeic" acids were synergistic. Methylation of the various hydroxyl 
groups gave no clear-cut results. With the flavones and anthocyanins, the 
presence of a 3-hydro~l group gave the compounds growth-promoting" affects, 
e. g. quercetin, kaempferol, fisetin and rhamnetin, whUe, without a 3-
hydr~l group, the activity depended upon the substitution in the "BU 
ring. In such a case, the activity paralleled the pattern of the simpler 

" " phenols. Again, methylation gave inconsistent results. The authors as-
cribed these effects to the action of the phenols and f1avonoids on 
IAA-oxidase, some acting as synergists, others as antagonists of the 
enzyme. It is tempting to speculate that the 3-hydroxy.flavones " act 
by one mechanism, but, without the 3-hydroxylgroup, act by another 
similar to that of the phenols. In comp~g these results with those 
of Stenlid on IÀA-induced root inhibition, naringenin, genistein, 
quercetin and apigenin behave as might be expected, but hesperetin, which 
gave a marked reduction in the root inhibition, acted as a synergist to 
the IAA-induced stem growth. 

other more recent studies have been made on the physiological effects 
of phenols. Maksimov and Radkevich (19) tested the activities of a 
number of phenols on the residual growth of corn coleoptiles. Over a 

" --concentration range similar to that used by-"Nitsch, ph1oroglucinol and 
pyrogallol had auxin-like activity, while catechol, gallic acid and 
hydroquinone inhibited the coleoptile growth. Bilbao (20) tested the 
effect of some phenolic acids on the germination of wheat and barley. 
He reported that p-hydraxycinnamic and ferulic acids inhibited ger.mination, 
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while the effects of p-hydroxybenzoic and vanillic acids were much 

less pronounced. 

As mentioned ab ove JI Nitsch and Nitsch hypothesized that the flavonoid 
and phenolic activities are due to their action on the auxin-oxidase 

enzyme. There bas been considerable work done with this system, much 

of it independent of the investigations already discussed. In 1947 

Tang and Bonner (21) reported that the IAA-oxidase activity in etiolated 
pea buds was reduced by exposure to light. Subsequently 1 Hillman and. 

Galston (22) accumulated experimental data indicating that this phenomenon 
was due to a specific substance in the plant 1 and they showed that this 
material was present in higher concentrations in plants grown in red 

light than in tliose grown in darkness. Mumf'ord (23) attempted to isolate 
such a substance and obtained 3-(4-hydroxycinnamolyt;riglucosyl)­

kaempferol (I). lt was shown that kaempferol itself was much more 

active than (l). ~um.ford. suggested that this was because p-hydroxycinnamic 
acid is an excellent IAA-oxidase co-factor. Furlher work (24) showed that 
two major compoundspresent in trdark-grO\mtr plants were a kaempferol 

hexaglucoside and a glucoside of p-hydroxycinnamic acid. He suggested 
that red light l'triggeredtf an exchange rea_ction-between these two species 
to give (l). 

This work inferred that the flavonoids aff'ect plant growth through 
the IAA-oxidase system. Similar results were obtained by Fuyura (25) and 
both he and Mumi.'ord conducted further tests with the f'lavones on mung-bean 
IAA-oxidase. Mumford f'ound that although kaempf'erol is a strong inhibitor, 
methylation of' either the 4'- or 7-hydroxyl group reduced this activity 
considerably. He also reported that naringenin and apigenin-7-glucoside 
act as enzyme co-factors. Fuyura showed" however, that kaempf'erol actually 
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exhibited synergistic properties at low concentrations (lO-6M) while 
at higher concentrations it acted antagonistically. These two reports are 
not directly comparable since Mwnford used dichlorophenol in the contr.ol 
medium as a co-factor. 

This work prompted Stenlid to pursue the matter further (26). He . . tested a wide variety of flavones, flavanones, isoflavones and anthocyanins 
on ~-oxidase from pea roots, and found that almost all ~f them affect 
the enzyme. in one way or another. All compounds with 3' ,4' -d.ihydro~l 
groups inhibited the destruction of IAA, while those with only a 
4'-hydro~1 group increased the activity of the enzyme. The only 
exception to this generalization was morin which acted as an enzyme 
antagoniste In addition, Stenlid reported that a 7-hydrogl group 
strengthens the stimulatory properties of 4'-hy<:IrO:xyflavonoids, but in 

itself, e.g. 7-hydro:xy-2-phenyl-benzopyrylium chloride, did not make the 
compound active. 

A similar study was made by Pilet and Gaspar (27) with respect to 
the action of hydroxybenzoic acid on the IAA-oxidase isolated from the 
roots of Lens culinaris. They found that p-hydroxybenzoic acid increased 
the rate of IAA destruction while the meta and ortho isomers had 
significantly less effect. Varga and Koves (28) reported very similar 
results. The experimental technique employed by these workers involved 
an enzyme system to which IAA and the test compoundhad been added. After 
set periods of time, the residual IAA was measured. Zenk and Muller (29) 
used a different approach, employing the·endogenous oxidase s,ystem in 

Udark-grownu Avens. coleoptiles to which was added carb~l-labeled lM. 
The,y measured the 140°2 which was subsequently evolved, and found that, 
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as in the results of Pilet (27) and Varga (29), phloretic 1 p-hydroxy-

benzoio and p-.couma.rio acids were strong enzllIlle synergists. Cat'feic" 

sinapic,. ferulic and isof"erulic acids ware antagoni.stic to the' system. 

As indicated earlier 1 MOst of the work described 50 far has been 

concerned with the hypothesis that flavonoids regulate plant grom,h 

through their action on IAA-oxidase" but the physiological role of the 

flavonoids in grom,h processe~ has been exarnined from other angles as 

weIl. Somewhat related to the work above l Schwertner and Morgan (30) 
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have investigated the role of IAA-o.xidase in abscission control in cotton, 

and how it is affected by various phenols and flavones. They found that" 

in experiments conducted both with and wi.thout exogenously applied IAA, 

p-coumaric acid, f3-methy1umbelliferone (7-hytlroxy-5~ethy1couma.rin), 

resorcino1 and p-hydroxybenzy1 alcohol aIl acted as enzyme co-factors 

and also signiticantly increased the abscission of cotton leaves. 

Conversely, a number of substances, including catechol, ca1"feic acicl 

and quercetin acted as enzyme antagonists and also decreased lea1" 

. abscission. The action of the test materia1s on the enzllIlle agree wall 

with the other reports. These results seem to su.ggest that IM-oxidase 

functions .m. ~ to regulate the abscission process and that this 

activity can be modified by the presence of phenols and flavones in a 

manner which is perhaps quite well defined by structure. Phillips (31,32) 
, 

st udied the ef'fect of' naringenin on severa1 growt.h and dormancy systems 

and found that it could induce a ligbt requirement for the germination of 
1 

lettuce seed l but that this requirement, in turn, could be reversed with 

the addition of gibberellic acid. Since gibberellic acid a10ne stimulates 

growth, Phillips postulated that this reversa1 of the induced 1ight 



requirement is due to a neutralization of an inbibitory system by the 

gibberellin and that the state of' dormancy in a plant 1s determined by 

the balance between these two factors. The, inhibitory system in ~his 

case might 'involve naringenin. Tronchet and Vuillemin (,,:3) measured 

the differences in the flavonoid content between gibberellin-treated 
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and untreated plants. They reported that the levels of flavonoids in the 

treated plants were relatively high" especially in quercetin glucosides" 

whereas the untreated plants contained much larger amounts of pOlyphenols 

and COlll118rin. This line of investigation" however" has not been pursued. 

Parups (34) has investigated the effects of the flavonoids on more 

specifie growt.h processes. He found that some flavonols and hydroxy acids 

promoted lignification inplants while flavones (unsubstituted at the 

,,-position) and methoxycinnamic acid retarded lignin synthesis. Also" 

sinee the growt.h and development of plants depends" in part" on the 

synthesis of protein" Parups (,,5) attempted to determine the effect of 

certain flavones on this process. This was done, by measuring their 

effect on the incorporation of leucine-14C into the protein of potato 

tubers and Eschel"ichia~. He found that the flavones inbibited this 

process anywhere from 58-94%. As a rule" the aglycones hesper,etin" 

naringenin" and phloretin were more effective than their corresponding 

glucosides. It might be expected that since the, glucosides are more 

soluble" their entry into the cell would. be easier and thus they would 

exert a stronger effect. However" the data inter that the unsubstituted 

material is the active fom and the glucosidic groups must first be 

hydrolyzed by the plant. It _ 15 known also that the transport o~ amino acids 

through celi membranes may be inhibited by flavones. Thus a Parups conducted 
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similar experiments with cell-free E. coli. hoping that this would 

nulli.fy permeability and transport probiems. But he found that 

hesperetin and its glucoside actu~ stimulated protein synthesis, and 

although the glucoside of phloretin still inhibited the incorporation 

of leucine to the same extent as with potato, the aglycone was a strong 

accelerator of the process in E.coli. Again, results such as these 
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indicate that ma.ny unknown factors are involved. The results are int ere st·, 

ing in the light of recent work ,with both lM and abscisin II. Armstrong 

has reviewed the literature on the mechanism of IAA activity (36). It 

has been found that increased synthesis of aU major RNA fraètions is 

initiated by the treatment of a number ofdifferent culture tissues 

with IAA, and that this auxin-induced growth is quite sensitive to 

specific inhibitors of RNA and protein synthesis. Abscisin II is also 

thought to be involved in the formation of RNA and DNA. Overbeek (37) 

found that the synthesis of these two substances in extracts from 

Lemna minor cultures was considerably suppressed by abscisin II. This 

work might indicate the nature of plant growth. regülator activity in 

general, and further investigation of the p~siological role of the 

flavonoids at this level might be worthwhile. 

As mentioned earlier, it has been hypothesized that the flavonoids 

act as plant growth regulators through their effects on IAA-oxidase. 

Such a theor,y involves inherent assumptions. It would be expected that 

a substance which acts as an lAA-oxidase synergist would inhibit the lAA­

induced growth of plant stems and reverse the lAA-induced inhibition of root 

growth, whereas an enzyme antagonist would have opposite effects. A 

comparison of the data presented by Nitsch (17,18) and Stenlid (14,26) 

does reveal that a large number of compounds behave in this way (Table II). 



COMPOUND 

CATECHOL 

RESORCINOL 

CAFFErC ACIP 

SINAPIC ACID 

p-OH-BENZOIC ACID 

p-COT.MARIC ACID 

FERULIC AC ID 

NARmGENIN 

GENISTEIN 

APlGEN!N 

QUERCETIN 

FISETIN 

KAEMPFEROL 

MORIN 

TABLE II 

EFFECT OF CQ1.1POUND 

IAA-OXIDASE 
ACTIVITY 

+ 

+ 

+ 

+ 

+ 

+ 

IAA-INDUCED . 
STEM GOOtJTH 

+ 

-
+ 

-+ 

+ 

+ 

+ 

(+) ~Promotes the indicated activity 
(-) = Inhibits or reverses the indicated activity 

IAA-INHIB~ . 
ROOT GROWTH 

+ 

+ 

+ 
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The list of exceptions, however, is no\; completely insignif.'icant. Ferulic 

acid, hesperetin" pinocembrin and biochannin A do not act according to 

the hypothesis.Tt'1o of these are methylated derivatives of compounds 

.... , ... wh1chdobehaveas èxpected,. and theseresults 'serve to emphasizethat 
. . . '.". . ',',' , " " .'., . '. . 

,. .... ' ,.," 

····1;llere· area:'nu:rriber 'of ·factors in operation; sorne perhapsinvolved., With .' 
'. .,'.",. ;,.", ", , , ,:. 

'ID.~tli~l,.group~;;:Which ~;è notyêt beenfullycha:ra<:teriZed. ·Gen~~a.uY,: 
: .: ~.'. ".:.; .' .... ,,".:. -'":.:- ',.' 

·','ll~~er /.th~da.taare 'quite 'coludstent with the .. hypotllesis' and gl.Veit 
',.: ..... : ..• : ;,';.. :r "._ ," : •. '," . .' . 

. . " ' •. :a.~~nsicl~:a~le :.dègreeofsupporl.· .. ' But :~here.is : one':oth:er'conl;illadiction. 

······stenlid~Elporhed,(i4) ·t~t ·the"f·lavono1a.'s.·exeIted the ske~fects"" .," 
: ...... : ... :: . ". «:.': ; . '" . . " . . .,' 

a~inst:êxogènol1s1yapp1i~d "'sllgars '~sthey···ciid., against. the:.IAA~ .... Such· 
:.' ... ' ", ,,- '" .". , . ," ... " " 

fe~ultsraisesome'dC)u.bts a.gaiilst the::validity of· th~ hypothesis;J)y.· . 
. . ' .. ;'.:;,' .... ', .. ',,',," '-, ',.,." .. , ",.' 

Wei-r:tng thâtthe,flavonoidsarea.cting:· as a: simple:interferancefactor 
" •••• '" •••• '., ., ' • ~ ..' : • ". .' ...'..... ' <. • 

:t~'~~I"lllai phySiolOgicalproces~~sand are not rea.lyendogenoùs regulAtors '. 
. . , , ..... 

~ ··'of~)d.nd.·'·Howêvei-,. in vie~ro~:the ~eportedaét.ion.··of.naringeniri·in .' . 

. . ,p~a.dhaIdthe- studiesofMumf'ord andFuyura: (23-25), it is apParent •.... 
" . : "" ,," - "," ." .. '." ". ". .... .' "'.', 

:,that s6me fia:t.ro~~sdoexert physioiog1cal'aff:ects ,and.theresults :ot 

. '. . Steniid with'thesugars might 'be taken as. coincidental. 

' ..... An~th.er point atwhich these Studies areaim.ed is . the question of 

relatio~sh:i.P between structure and activity. . A lackof experiment.al data 

does~otpernu.t any conclu~ive results,but with those avaUable it 
. "'.' .... -:,'. .'. . '.' ....' 

. seems; apparent that a 3-hydraxyl group gives aflavone enzymeantagonistic' 
. '. .' ,". " - ," . 

properties regardless of the renia.ining substitution pattern. Beyondthis, 

little else can ba said ,,1ith any degree of validij;y. ' 

The next question which must be raised isthe effeçt of flavonoids 

on the endogenous growth of plant tissue. To assume that such compounds 

control the grol'lth through their action on the naturally occurring oxidase 
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system within a plant further implies that those substances which are 
antagonistic towards the enzyme will promote endogenous stem growth and 
inhibit the root growth, etc. The very existence of'ëndogenous, ÎAA-oxidase . . . .. . .". 

~ ::" '.:' 

systems in plants ha.s beènquèstionEld.~iggs(38)has ,suligested,infact, ' . . . ", .. ,\' :." . ' . '. , '", ',: .,' . '.:':. -'.": :.. . ... .'" ,,"., .-:', '. ,': ,.... ..... 

: '. th~t lt· ndght' ·~ct.ua.J.Ji.bèanart.:i.f'act<oioût· .surf'ac·es.· 'H6wever,' :.the· .. ) ~. ,,' .. '.', '. . -,: ", ... ".. .. .. ,.~ , .. ". . 
. ",.. . .'".' . 

··;~~t~Iî~~:anci:àtit:i.Vit;.of·.~ùch·'an.en~Ymesyst~hasbeen::tn:rerr~d.:f'rom·· .. '. ':: ' . . .... :;::: '".. ". :"'. ' ,':' 

.. , ....anilinb·e~·o:f.eSCperkents,~d some: dj'r~ct. . ~"';iciençe'aJ.so~sts~ . As 

. ", < .. :", 

".·::·m~nti~necÎ:.~r~~i6~s~;zerik'~dMull~;·(29) add~d' ~arbOJCYi~labeled IAA to .. 
"::AVel1~·:~·~i~~k~'ii~:.·sêcit.i~ns ·ah~.~ea~ure~t~~~co~ ~i~h.was.· evolved; .. :" They 

'f'6~~:t~e::~~~:eOf dis charge of't1rl.s gasto beconstant f'ormorethan io .. '. 

aJ?~perhaps:iD.a.specif'ic 'manner~ .·This·latter f'act would need to be 
.cOn.f'i~edwith;:rurther experiments on lM labeled at dif'f'erent positions •. 

": '(Jnfortunat~ly, . at this. point ,the' eX,Per:imental data on the ef'fects 
..>of the; ilai/cino:i.d.s and. phenols on' enéiogenous plant·.tissue. groWth are .in-· , '. ," . :' .' ".'.'~ .. '.' . '.:. 

' .. ,' 

suf'f'i6ient~'ior . discussion.' Orùy Stenlid . (14)has investigatedthis' aspect; 
"USing:theroot growthtest, . and the results obtained are f'ar f'rom conclusive. . 

'.::. , ",' :' 
~,', - " . . . 

Narfngenin,apigeninand biochannin A, all of'which are 'enzyme synergists, 
·'eichibit~d:·rioef'f'ects on the endogenous rootgrowth. Hesperetin was an 
en~eantagônistbutalso promotedroot . growth, while pinocembrin, also 

··a'r~otstimula.tor,did not·af'f'e~t' theeniyme activityin vitro.' " "',, 
,'" ,-

It· mightbe argued thatthe use of' a rootgrowth bioassy is not valide 
Theinhibiti~n of' root growth is catised by·supra-optimal concentrations' '.' :, : " ".' , 

of' IAA,'butthe mechanism through which this inhibitionoccurs 

is still unknown. It has been suggested that the mechanism i5 

signif'icantly dif'f'erent f'ram that of' the growth promoting ef'f'ects op~rative 
at lowerconcentrations. If this is the case, it does not seem unreasonable 
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that the results fromsuch a bioassay would be inéonsistent with those 
-

from stem growth experiments. This would apply to both residual and 

IAA-induced growth. 

'Thus, .it is the purpose. ofthis report .toinvestigate more thoroughly 
" ", ..... .,' '. ,'. ' ... .. ' ' . 

. '. the ei'i'ectsof the :f:lavônoids on endogeno~sgrowth·'systeDis,'and, ·ldth . 
. : .... 

these addi tional data ,to furthereXamine the, IAA~o.xidase hypothesis. 
:\; . • .. '.' ...... _ '. ;'.'! .. ; '.,,:' ....... . .........• ". l ..... '., . . '.': '.' ".: '. ' '.. .. .. ,. 

Also,' the relationship betweenthestruct.tme of i'lavonoidsand :the~· 

effects' onenclogenous ,gl'olrl.h: 'will b~eXamined 'izldetall., 

. ,.' . .' ... 
-' :.' 

.. :.- . 
..... . 

. .. ' 

~'" , 



MATERIALS AND METHODS 

Twenty flavonoids were tested for their biological activity on oat 

coleoptile sections. The tests were èonducted without the addition of 

a:ny auxins or co-factors such that the growth system '\\"Ould remain 
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completely endogenous. The flavonoids encompassed a wide range of hydro-

:xylation patterns, from flavone itself to the he.xahydroxyfiavone myricetin. 
. . ". . . . ··'.0'·· '. ..'.. 

In a number of cases, the hydroxyl groups were methylated and the effects 

of thèse methYlgroups 'were'a1so'studied~Thecompounds, and i:,heil' 
.. ...... ",. '.. ",' .... . . -. . -.' ."... . 

structures are ,listed. 'in:rableIII.Ofthetl'(enty fiavo~oids 'tested, 
; ..... 

'flavanori~, 3~hidroxy':ha.vone and' its O-lllethyi,~ther;1';;'hydro:xyflavone, 
. ..' . :. ", ",' .,' ," .:-.. ' .... ",. '. . ,', 

and 'the methyl"ethers' of quercetin and myricetiIl-are not 'kriown to' oocur 
. . . . - ' . 

in nature. -Flavone has been fourid in only one faJùily ofpïants~' the . .... .., 
- . .' . " 

Primulaspecies, 'a,nd, withill this group, its ~stribti.t~onis_ quite 

extensive. However, it is' found, in t~~ plant âs~ ,het,erogeneous white 
. . .-

-substance deposited on theleaves 'and stemoftheplaritsarid it is 

th~reforebelieved-tobe produced olü.y by an ~berrantbi6sYnthetic 

pathway. 

these being two of the most common flavones _ known. ",Apigenin" also is 

distributed in a considerable numberof plants." Itwas first isolated 

from parsley seed in 1901 and, to date" at ,1east six O-gly~osides as 
, - , 

l'lell as a 1arger number of C-g1ycosy1 deri vati ~es 'have been described 

in the literature. Acacetin, the 4-o-methyl ether of apigenin is fairly 

common too, having been detected or is01ated from Linaria, Robinia and 

Ammi species and in the neartl'lood of various Prunus species. The 

49 ,7-di-o-methy1 derivative; however, has been reported only once, in 



Flavone 

Flavanone 

-. 
.", :_, 

Chrysin 

Tectochrysin ' .. 

Apigenin 

Acacetin 

'.Fisetin 

Datiscetin 

Quercetin 

Morin 

Myricetin 

Naringenin 

TABLE III 

'. ·3-H;vtlroxyi'lavone 

3-Methoxyi'lavone 

7 -H;vtlroxifla vone " ' 
. . '. 

5 ,7-Dihydroxyflavo~e' '. 
." . . . 

5;"HYo.roXy-7-me-thoXytlavone 

4',5,7-Trlllydroxyflavone, 

5,7;"Dihydroxy-4'-methoxyt'lavone 

, '5:"H;vtlroxY-4', 7-dimethoxyt'lavone 

3,3' ,4' ,7-Tetrah;vtlroxyflavone 

2',4',5,7~Tetrah;vtlroxyflavone 

3,3',4v,5,7~Pentah;vtlroxyi'lavone 

5-Hydroxy-3,3',4',7-tetramethoxyflavone 

2',3,4',5,7-Pentahydroxyflavone 

5-Hydroxy-2',,3~4' ,7-tetramethoxyi'lavone 

3,3',4',5,5',7-Hexah;vtlroxyflavone 

3,3',41,5,5!~7-Hexahydroxyi'lavone 

4 t ,5,7-Trihydroxyflavanone 

5,7-Dihydroxy-4'-methoxyflavanone 
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birch buds. Chrysin is the simple st flavone that can be formed 

through the shikimic acid pathway. Chrysin and tectochrysin are not 

widely distributed in the plant world, but have been found in the wood 

of anumber of Pinus and Prunus species. The 2'-hydro:x;:yflavones are 

rare also. Only two, morin and datiscetin, are lmown with certainty to 

existe Morin appears in the wood of several species of Moraceaand 

datiscEitin llDas been detected only in Datisca cannabina. Fisetin, the . .' . 
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5-deoxy derivative of quercetin, has a somewhat similar distribution, . 

havirig been found in Betea, Rhus; Querbracho and Gleditschia. Naringenin 

was first isolated from Citrus in 1885, bu.t itsdistribution seems tobe 

limited also, occurring mainly in species of Prunus. 

A more complete discussion of the occurrence and properties of these 

flavones can befound in the literature cited earlier. 
: . . 

None of the compounds used in this workhas previously been tested for 
. . 

its physiological activity o~ an endogenous stem growth bioassç,y.·The 

only other reported use of an endogenous bioassay testis that of Stenlid 

" (10) • He used the wheat root bioass"ay on a few of the compounds tested 

in this work, including naringenin, chrysin, apigenin, morin and quercetin. 

Flavone, flavanone, datiscetin, 7-hydroXy- and 3-hydroxyflavone and its 

O-methyl ether, and the ethers of quercetin, myricetin and morin have not 

previously been tested in any way for their biological growth effects. 

The need for a thorough series of experiments involving the effects 

of the flavonoids as endogenous plant tissue growth was emphasized earlier. 

The use of the particular bioassay employed in this work was prompted by 

two factors. The ~lavonoid growth inhibitory fraction originally 

separated from the extract of birch leaves was detected by means of this 



assay. In addition, the oat coleoptile bioassay, as described by 
Nitsch and Nitsch (39) is a simple but ver,y sensitive test, especi~ 
towards growth inhibitors. 

The flavones were tested for their activity over a range of con­
cent%tB.M.ons .t'rom 0.0000l. mg/ml ( .... 101W~) ta l.0.0 mg/ml (""10"'~). Bince 
most of compoundstested were insoluble in water or the buffer-sucrose 
medium used in the tests, the solutions of the flavones were prepared 
with common organic.solvents, acetone,dichloromethane, methanol, 
pyridine, which were subsequentlyremoved by:evaporation. Control 
experiments were run simultaneously, both with the organic solvent . . 

residues and with the buffer-sucrose solution alone. The results 
with these control tests indicated that the solvents contained no 
residues significantly toxic towards the coleoptile sections. 
Therefore,this method of quantitative application of the test 
materials was quite satisfactor,y •. Four to sixruns were made with 
each flavone and the results, expressed as a percentage of the growth 
of the controls, were averaged. These are presented in graphical 
form in the next section. 
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Five flavones, apigenin, naringenin, fisetin~flavone and flavanone 
were tested also for their biological activity on oat cole9ptile 
sections in the presence of exogenously applied IAA. 
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RESULTS AND DISCUSSION 

Of the twenty flavones tested, only five exhibited distinot 

biologioal aotivity within oommon "physiologioal oonoentration" ranges. 

These are flavone, flavanone (figs. 1,2), naringenin (fig.8), datisoetin 

and fisetin (figs. 12,13), all of whioh aoted as strong inhibitors of 

residual ooleoptile growth. However, both fisetin and flavanone aoted 

as moderate growth aooelerators at ver,y low oonoentrations. The aotivities 

of both flavone and flavanone have not previously been observed in ~ 

biologioaltest of this type, and these results, are viewed with some surprise. 

The signifioanoe of their biologioal aotivity is oonsiderable and will be 

• disoussed in some detail later. The,3~methmcy derivative of .flavone (fig.4) 

also appeared to give a moderate growth promoting effeot at a ver,y low 

oonoentration, but, above this level (...v 10 -SM), it inhibited the ooleop­

tile growth oonsiderably. Quercetin (fig.14) had a slight inhibitor,y 

effeot above 10-SM and ~ioetin (fig.18) behaved in a similar manner,' 

exoept that the inhibition was more pronounoed,at higher oonoentrations. 

Sinoe these two oompounds have essentia~ no aotivity when present in 

smaller rumounts, .the type of growth inhibition exhibited by these 

oompounds probably oan be attributed to a toxio effeot. Teotoohr,ysin 

(fig.?) gave a weak but oonstant growth inhibition over the entire oon­

oentration range while morin (fig.16) aooelerated the growth sligntly, , 

also to a oonstant level over the whole range. These effeots could be 

due either to limited solubilities of the substances in the test medium, 

or to their limited uptake by the plant tissue. The remaining oompounds 

were all inaotive in the bioass~s. ------- , 



:'" 

.. 

, 

.19,' 
100 p=-=:r-. __ ..c::-.::--.;, -:.....::- - ---' .. _ _ _ .. _ ... _ .. 

Growth , 95 
% of 
Control 90 

85 

80 

75 

Fig (1) F1avone 

'lOS :=0--...... 

100 

Growth 1 

% of 90. 
Control 85 

80 

75 

--------------

10-8 .. 10-6 10-4 10-2 
Conc. 'of Flavono±d,' (4~5x'N:) 

Fig. (2) F1avanone 

. 
The oat ,coleopti~e bioassay gave restüts which were gEinerally con-

, , ,sistent from one test to ,another. Four t~sts--were M~or each compound. '. . . , 
, 

when the physiological effects, werelarge", six were run when the effects 
wera not pronounced. Due to the high reproducibility obta1ned in these 
tests, the results can, be discussed and interpreted with a reasonable 

degree of' confidence. However" two po~ts must be raised. Since l " 

such a large proportion of the compound.s did net show ~ net growth 
effects" 'it could. ba argued that the lack 'or aotiv.tty was due to the 

limitad solubility or uptake of the materia.ls in question~ However, 

there is no reason to assume that more of theseflavonas should. be 

active in the first place. Also" if any of' these uinactive" compounds 
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had.pronouneed physiological activity in a nat~a~ oceurring system, 
.. , 

the activity probably would have shawn up in a. manner simiJar to that 
.' . .' 

of morin and tectochrysin. Second, the 'oat, coleoptile test' is not , . ' ~ . 

90 

as sensitive to growth ac.celerators 'as the first internode, test; and 

perhaps'the gro'llrth promot:Ï:llg effects of 'sorne of' the flavçnes were 

significantly modified. . This is a valid .point and emphasizes a limitation 
" 

to the exp e rime nt al procedure,. However, the sensitivity of this cOleoptile 

bioassay to grO'llrth promoters is quite su.fficient .for the purpose of this 

work ar~ it will become apparent in the ensuing discussion that this 

.. "~"-------_ .. _-_ ..• _ .. _._._-.-- _ ....... _ .... __ .. _-_._.--- _ .................... _-_ .......... ------- _._-_ .. __ ._ ..... _-_ ... --:--_. ---_ .. - .•. -•. , •.... , ... _. "_.... .. ." -.,. 
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.... 
limitation has,little bearing on ,theoverallresults. ". '. "".", '.' '. 

The experimental' resuits obtained fromthis wor~can be exa.mined , " 

from two aspects: theirbearingon~l;he IAA-oxidas~th~ory; alld' the ." 
relationship between t~estructurê of' the i"l.avono1ds,a.nd..thEdreffects ' 
on the endogenous ~owth system. ,~The IAA-oxidas~, th~Ory.·3~S discussed 

, , , previouslyl states that some i"lavonoids, act as plantgrowlih regulators 
and exert this influencethrough their éictivity on. an IAA-oxidase 

, 
, 

enzymé system within ,the, plânt. A compoUndwhich activates this enzyme , 
' 

i!! vitro should inhibit the residual;-growth of ,plant, tissue;J and a 

compôund. which is an enzyme antagonist would stimulate the, tissue growlih. -
~tion of the data from the growlih ex:periments conducted by Stem-id 
(26) reveals a considerable number of cases which are inconsistent '\dth 

this hypothesis (Table IV)." Morinl an enzyme inhibitol" and naringenin;J 

an enzyme synergist 1 behave in the manner predicted in the coleoptile 

gro'T.'1f;h assay. However;J quercetin and myricetin" both enzyme antagonists;J " 
, ha.ve no growlih promoting e~i~'cts ,on the coleoptiles. ' Fisetin" a strong 

enzym~ inhibitor" also strongly inhibits the coleoptiles" and. apigenin;J 
- , 

••. ~ _________ ' __ "_'_'~'_ • __ •• _ .••.•••••••••• _ •• __ " •• _ •..•• __ • ___ • ____ ~. ____ .' • ___ •• _ •• ___ •• _ ... :' __ 0"-' _,_." __ . _____ ... __ ._ .. __ •••••••• --. 
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an enzyme synergist 1 does not affect the coleoptile gro,\,rl;h to a.ny ment. 

It becomes quite evident from these resul~s that the relationship between 

the action of the flavonoids on m vitro IAA-oxidase and their effect 

upon endogenous stem groweh is obscure" if it exists at all. The studies 

of Mumf'ord (23) 1 Fuyura (25) and Zenk and Muller (29) do suggest that . 

there is an IAA";;oxidase system in'growing plants and that its activity 
" ". .. . ...... ',.. 

. can be modified by kaempferol and its derivatives; the studies of Nitsch 
. -, '. ,". '.'.. .. ' 
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(18) and Sterùid . (26)" showquitE) ·.6onviric~gIi. that' the behaV1or' of several 
.', ". .. ", ... -........ '.' . ,.: ". "" . .: -: :,::?,.,.- - " . 

flavo~est~s····.mVitr()····IAA~das~. ··ana:IAA~l.rid~~·ed: stem:' gi"~h'i~ 
. '.' ... ' '.: ~. /-: .. :.: :~ . ~. "'~':'. ' .... ~ ;: .... : _:'; .. : ':.r ":. . ":, ' : . :;-:~ .. ':-:' .. '''.:.~ .. , :.' :>: .. ~:"::'.'.:;. :~: .. >:.: !:', '",!:.;. :"!:'- .:' :~'.~.<>.~~::~ ::. :·f.:~ .:.:; .. ~.;. .~;~'. :-:.': .. : ",:; ;:.: :: . ''-:-'~ .. ,>./ ..... : ::, > 
... closely relàt~4;.· a.rid. .·:the . exp~ririlentar.e~d~nce:pre.sént~d ·hel'e .. cerliainly . 

. ,-;._ .. ' .' ... - ~: ",. .- ,'.-:' :. , .~ ,L:" .... "."' .. ", .... . 1 .. ';. ',' ", .;: .' . ' ... :, .. ' ",:' '. ..,. ,,' '. , .,... . .. 

. 'does " demon~;at~ that. some 'f:ta:~~~s" witi~'ri~e '~nêf~genou~':à"~i~~ptll~': gr~h ~ .:: : :: 
'ÏI~~~ > tl~e~~·.·'·~~~.·. in,~~:\ia;';~;p.p~~·,~.t~,;':.:~~~:~~t~~~·:-~;i~::::·ik~6n~~:":p;iy"~:.':; -:-:"':":::. ':,.. . 
". . ... "." ' .. " ';:', .<~."" ':'.'~.; .. :. :~."" ", . .;';": . ';' :-., . " .. ,~ ...... ; .. :' '.': .:,:: '::." ,'~. . ...... "I~:<·' 
. Vital role in·p1alrt,"gx.6i1thregulation.throUgh. théireffëêtsonthe auxill-· 

'. ; ' ........ , .. :: .. :." .... ':': ... . 

oxida~ee~yme. . , .. ,.... • 

.. ... ·TliJ,!î,Sul.t~6tt~,;,e,q,.,~lÎt's ~#theb.i?~~giêai~à:tv1.ty(ji flavone; 
. ' .. ':' .. : 

, .·flàva.rJ.oh~I,~pigenin,iisetinand~na1ingeninin,theprêsence'·of·additio~l 
. .' .: ". ' . ....,.. ....... ." ... :'.. " :. . - : :':': , . ..": .. ;' ''. .... ',' " ! , .'. . : '. • . \:", . :., . . . ".: .' ',: ~ : . . ' 

• ~ .. ', • '. '.:',".' .::. : .. : ,,' '. ' .. ' :: : '.' .... : .... ':'. . ' ...... ", : .: . :': .. ':' ';',,:' • :-:'; \ J • • ',.:1 ...... : : .. ' ,'. '.'.' '.'.' . '.::' ,,: l' ","':': < ' 
: IAAterid té 'agree" with'theabove con~lusions~' :N:aringeniri;': tlayone.and, :. ' . 

. ' .•. ~pigexàn. w~~e"~f~cte~··by;.·i~~:e~o~êll~~s·';a~:··:·':~~ ··::~ti~~y:···~t:·~;~~enin. ". 
'''.' ". ',' ..... "" . ......, " .. ,,'" ,:'.:" 

inthis.case dces, con.r1içtwithther~~uit·s~:f" Nitsch (lg)~ :'This lIlight 
.' .", :'. . " , ' :. . . , .... : . : ,; ,. ," '. ":-, ,:. ..": :.::,.'~. ;,'\'.' .;i . ';., 

'. ';" "'.,:': 

be duetothe absence here of the glucoside group, bUt; this anomalous 

IAA removed, the strong inhibitoracti()nof~isetina.nd. this flavone 

actually promoted growth to a slight extent" agreeing with Nitsch. The 

growth inhibition of flavanone was also destroyed. If the behaviors 

of flavone and flavanone in the presence of exogenous IAA ref.'+ect.s their 

probable behavior on an in. vitro IAA-oxidase system~ this would furt.her 
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emphasize the lack of relationship between the effects of theflavones 
" 

on endogenous growthandin vitroenzymeactivity. This latter point 
, , .. :' ',.,'. ." 

however, ,is purelyspeculati va. 

, " ,on~poss'ib~tYcioes e~erge:,from ~"Of thesa studies. Stenlid (14) " 

'",' ~~ss~~est'~d' t~~t"theh~av~tioid~nIigh~-:~a~~'~~o.'different' roles in 

" :growth re~ation;one,'which affects ,the activity of,exogenously applied ' 
.,' , ..... : ... ". 

materiais" e.g.as.anenzymeantagonist,orsynergist"andthe other" 
. . . . .' '. - ,,' '", :' .~ , ' .. ',' ," .,' ." . 

not nec~ssarilyrela ted tothe :rirst,,::::i.s,'9per~t~ ve ohly on' endogenous 

• growth' systems ~ This :i~tie~ ,.'~~i~~t.,' ~Oul4'::~on~ei~abi;~~eexe~ed',,~hrough 
'." ." .. ' ":.- .; ............ ,~ ... :: /.~~~< .. ;.: >:"' 

an endogenous IAA-oXidasê , system"but'thi's wouldye"t,haveto be ',' 
. '" . . ;"; ',~ ,.", ..... : "'.' ".: .~: -.:., ':" .~ .. ;.>~.,;" . . 

dernorist,rat~d. "Such.a.n,~pproachis quite appeà.:l.ing 'and is~orth, ' 

c6nsid~~ation. 

A detailed examination of theresults fromthis wOJ:"k,' t~e effe~ts ' 

, ,of the flavonoids ona purely endogeno~s' system"revealsthatfeW" 
. . . .: . ". . .' '. ". . . . . ~. '. . " 

if ' any" conclusions" can be reachedas to a.ll e:x:pl.ici t. ~e.l~tion~hip 
between. structure and the growth regulating effectsoftheflav;onoids. 

With the threehydroxylated flavoneswhich actas strong growth inhibitors" 

,the onlycommonstructural feature is ~'7 ... hydr()~1. group.' . This parlicular 
- '. "" -

group may be a major factor in their activities" ~utin ,itself is not 
. '.- ,".,'. " . 

sufficient", as 7-hydroxyflavone is completely,iriactiv:e. The strong 
. ." . ." , .. " : . . . '-',';' .' 

inhibitory effects of flavone andflavanone indicatethat hyciroxyl 

groups are not actually anecessaryrequirementf~r;biologica1 activity, 

and suggests quite 'convincingly that the molecular skeleton is intimately 
, ' 

associated ~dth the physiologicalproperties of the flavonoids. That 

these two substances act as inhibitors within the range of trphysiological 

concentrations" infers that the effects are not of a toxic nature. Even 



at higher concentrations there was no visible evidence of toxicity. 

It might be argued that, since flavone and flavanone have no hydroxyl 

group s\.l.bstituents, the m~chanism through which they inhibit' the 

coleoptile growth is significantly different from mech9lÛsm of hydroxy­

flavone activity. One fact counters this argument. Naringenin was 
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found to be the strongest growth inhibitor of all thecompounds tested. 

However, apigenin, which structurallyisso closely related to naringenin, 
, , 

has no activity at aU. These firldingstend to confirmthat the skeletal 

, structure"ofa subsianceplaysa'major ~oleindetermining its physiological 
',.:', 

acti vity. ',' Butthesubst:ituentsplay' morethan'asimple moditying role • 
..... ,. 

Th~prese~cec>fajo;; or7~~dItoxyll5roüp, co~pietelycle~troys the activity 
. . .' . .' . . .' '. '. . .'. . . . . '" . 

" 6f'flavon~.,Althoughfisetinis< a.strong growthinhibitbr, insertion of 
. ' '. ',', .:.:..', .. , ',' 

,",'" " .. ,.,' 

" ',' ,a S-hydroxyi grotip, as in querèêtin/alsoreÏn~ves: its' effect. The 
.", :.;..",. : . . .. '. ',: " . 

: ,,: 

'.' substituents in the ,frBfr,rin,gplayan equally,imporlant 2-ole. ", Datiscetin 

'isa strong iiiliibitor butit~4'~hydro:xy derivati\re~morin, isa weak 

growth promoter. ,The' pres'enceo; 'an a~ditional'grOupat>the S' position, 

~icetin" in turn, destroysthis~'owth promotingeffec~ •• "" The structural . . .' . .,.... 

" requirements forbiological acti vi ty iIivol veoneaddi tional factor, 
. . '. . .. . ':,' ", 

Methylation of the hydro:xylgroups gave tcompietelymixed results. The 

7-{)-methyl ,ether of naringemn,isinactive at h~gh concentrations and 
- . . . .' ..' .' . , ,. . . 

acts as a weak grmV'th stimulator at lower concentrations.' Conversely 

the methylation of morin removes its growth promoting ability. Although 

3-hydro:xyflavone is inactive, its methylated derivative is a growth 

promoter below lO-SM but is an inhibitor above this level, perhaps due 

to toxicity. On the other hand, methylation of both ~icetin and 

quercetin removes their toxic effect which are evident at high concentrations. 
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It is quite obvious from these facts that a number of complex and 

interrelated factors are involved in these growth regulator.y activities. 

Neither skeletal structure, type of substituent nor substitution 

pattern are independently involved. It is impossible at this point to 

derive any generalizations, but this is not surprising, considering the 

comple.xity of the "simpletr'growth system used in these tests. The 

mechanism through which the flavonoids exert their effects must first 

be characterized, probably at a more fundamental level, before questions 

as to structural effects can be answered. Of course, this is true aJ.so 

for the other plant growth regulators, the auxins, gibberellins and kinins. 
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ElCPERIMENTAL 

Melting points were reoorded on a oalibrated Fisher-Johns apparatus. 

AU solvants were redistilled bef'ore use and all t~st materials were 

reorystallized. 5-Hydroxy'-3~3' ~4' ~ 7-tetramethoxytla.vone and 3~3t ,4' ,5,5', 
7-hexa.methoxyflavone were obtained as desoribed in Ch?lpter II. The 
other f'lavonoids used in this work were obtained oonnueroially, exoept 
f'or those whioh were prepared as desoribed below. Diazometha.ne was 
prepared aooording to Vogal. (40) • 

3-MEœHOXYFLAVONE 

One gram of' 3-hydroxyf'lavone was dissolved in 200 mls of' absolute 
ether (diethyl ether). The solution was oooled to -20°0 and an exoess 
of' diazomethane solution wa~' slowly added. The reaction m:1.xèure was 
allowed to warm to room temperature and was then evaporated to dryness 
under vaouum at 40°0. A solid residue remained and. it was crystal1ized 
f'rom ethanol, m.p. 113-114° ~ Lit. 114°0 (41). Yield: 1.04 gm, 96%. 

5-HYDROXY=4',7-DIMETHOXYFLAVONE 

One gram of' 4',5, 7-trihydroxyi"lavone was dissolved in 25 ml of' 
pyridine. The solution was cooled to -20°0 and treated with diazomethane 
as desoribed above. After evaporation, the soUd residue was crystallized 
f'rom ethanol, m.p. l3l.5°0~ Lit. 131°0 (41). Yield: 1:10 gms, 93%. 
4' ,5-DIHYDROXY-7-METHOXYFLAVANONE 

Naringenin~ 2.72 gms, was dissolved in OH2012 and oooled to -750. 
Diazomethane, 0.01 moles ~ was slowly added with vigorous stirring.·· The 



solution was evaporated under vac~ and the solid residue cr,ystallized 

from CH2C12, m.p. l5l-l52°C, Lit. 152°C (41). Yield: 2.22 gms, 77%. 
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Seven solutions in a concentration range from 10 mg/ml to 0.00001 

mg/ml were prepared with each flavone using an appropriate solvent. 1 ml 

of each solution i1aS placed in a 10 ml beaker and then evaporated to 

dryness under vacuum for 4 hours. Three control beakers were prepared 

in a similar manner, using the solvent alone. Two mls of a solution 

containing 2% sucrose and a buffer at pH5 (k2HP04 1.794 gm/ml + citric 

acid monohydrate 1.019 gm/l} were put into each beaker. Three other 

control beakers contained this sucrose-buffer solution alone. 

Oat seeds, var. Brighton, were soaked in tap water for two hours 

and then planted on wet vermicul1te in plastic tr~s. These were 

exposed to red light (39) for 4 hours, covered with a thin layer of dr,y 

vermiculite, and then grown in the covered tr~s at a 45° angle for 3 days 

in darkness. Coleoptile sections, 4 Dm lon'g, were cut 3 Dm from the tip of 

each shoot and ten of these were placed in each beaker. The beakers were 

covered with "parafilm" and incubated in darkness for 20 hours with a 

gentle, random horizontal agitation. AU work was done under green light 

(39) and the temperature was kept constant at 26°c. After 20 hours, the 

sections were placed on a calibrated transparency on an overhead projector, 

and the lengths of the section were measured from their projected images 

• on a screen. Four to six runs were made with each flavone. The results 

were calculated as % growth of that of the controls and these were averaged 

for all runs. The results are plotted as molar concentrations. 
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,CLAl:MS TO ORIGINAL RESEARCH 

1. A thin-layer chromatographie method was devised to give maximum 1 

separation of the components of the acid fraction of a methanol 

extract from birch leaves. 

2. Eluates from two zones of the chromatogram showed some inhibitory 
activity towards the residual growth of oat coleoptiles. One zone 
probablY contained a'fatty, acid, and was presumed to inhibit 
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growth by virtue of its toxicity. The other zone appeared to -' . ' 
contain one or more flavonoid compounds. 

3. Large-scale fractionation, using chemical techniques of an extract 
of birch leaves, yielded quercetin, ellagic acid and Q-metbyl ethers 
of gallic aCid, ellagic acid, quercetin" and myricetin. 

4. The isolation of he.xa.-Q-methyl myricetin represents the first time 
it has been iuolated from any plantmaterial. 

5'. Evidence indicated that the elfagic acid ether isolated from the 
leaves had been at least partially methylated in its original 
state. Thus" this is the first reported isolation of a methylated 
,derivative"of ellagic acid from species of Betula. 

6. Twenty flavonoid compounds were tested for their effects on the 
residual growth of oat coleoptiles. These included the first plant­
growth 1bïoassays of anY ~d conducted wi th the fOllowing compounds: 
flavone, flavanone, datiscetin" 7-hydro:x:yflavone, 3-hydro:xyflavone" 
3-metho:xyflavone" and the metbyl 'ethers of quercetin, myricetin 
and morin. 

7. In these bioassays naringenin, fiset~" datiscetin, flavone and 
flavanone were found to act as 1Dhibitors,of growth. This was the 



first observation of such activity by the latter three compounds. 

8. When added indoleacetic acid was 'presentin the bioass~ medium, 

the inhibitory effect of flavanone was completely removed, and 

the response to fisetin was altered. The responses towards 

flavone, apigenin and naringenin were essentially unchanged. 

9. The results of the bioassays were examined in the light of a 
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current theory on the mode of action of flavonoids which suggests 

that they ~ct on the indoleacetic acid-oxidaseenzyme. The 

present evidence leads to the conclusion that while the theory 

may be valid for some active flavones, it does not hold for allj 

and another mechanism must be sought. 

10. The biological activity of flavone and flavanone indicates that 
_:-.-_. 

the presence of phenolic hydrOJÇV'l gro.Ups-rs not always necessary 

in compounds that are inhibitors. 


