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Abstract-The chIorogemc acid content of Cestrum poeppgr~, and its ablhty to form the acid from Iabelled t- 
cmnamlc acid, was determined at different stages of growth In contrast to mature plants, young plants showed 
great seasonal variation m then chlorogemc acid content The mcorporatlon of radloactlvlty from t-cmnamlc 
mto chlorogemc acid aiso differed greatly during the growth period Trapping experiments with caffelc and p- 
coumarlc acids were performed to study the effect of large pools of these acids on the mcorporatlon of t-cmnamlc 
acld-3-[“Cj into chIorogemc acid The kmetlcs ofmcorporatlon excIude a major role for caffelc acid m the blo- 
synthesis of chlorogemc acid 

INTRODUCTION 

LITTLE IS known about the variation m the concentration and the rate of biosynthesis of 
chlorogenic acid during growth of plants. Some studies have been carried out on the effect 
of photoperlodrc mduction, ‘s2 but no change was found m the turnover of chlorogemc acid 
after mductron of flowering. However, the concentratron and turn-over of the acid were 
found to be dependent on the part of the plant that was analyzed.3g4 

The biosynthetic pathway from cmnamrc to chlorogenic acrd 1s also not yet fully under- 
stood. Several products have been shown to be precursors of chlorogenic acid but their 
relative importance is not clear, ‘g6 although, cafferc acid was generally a relatively bad pre- 
cursor, whereas p-coumarrc acid was comparable to, or even more efficient than 
t-cmnamic acid. 

Trapping experiments have provided additional information ’ For example, Steck found 
a good conversion of t-cmnamrc into p-coumarrc acid, but very little mto caffeic acid. 
Some authors have also investigated the kinetics of chlorogenic acid formation m plants 
using labelled t-cmnamrc acid as precursor. A simple first order kinetics was found by Tay- 
lor et al.,’ in Xanthzum leaf disks. Colonna et cd.,8 on the other hand, found an increase 
of radioactivity during the first few hours of infiltration, followed by a constant level dur- 
mg the followmg 50 hr, m coffee plants. Caffeic acid derivatives, both soluble and insoluble, 
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have been studled by several authors In kinetic experiments. because of their possible role 
as hgnm precursors Nothing, however, IS known about the kmetlcs of free caffe~c acid for- 
mation Whether this acid IS an important precursor of chlorogcnlc aad or not. has not 
yet been established 

We tried to get a better mslght mto all these problems and cspeclally the cvffc~c ac& 
chlorogemc acid relation, by observations on CC’SOYITI ~IO~/I/>U~II Seasonal \arlatlons. trap- 

pmg experiments and kinetic <tudles have all been carried out. 
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The chlorogemc acrd content and the mcorporatlon of radioactlvlty from labelled cm- 
namlc aad were determined quantItatlvelq 111 sectlons of shoots from young and old 
plants. As can be seen m Table 1, young plants show great dlfferrnces m the conccntratlon 
of chlorogemc aad durmg development The results confirm earher data. that the meta- 
bohc activity of-the plant IS at Its maximum at the begmnlng of August ” Such vartatlons 
are not encountered in mature plants \vhcrc the chlorogen~c ac~i concentratmn IS practl- 
czfily constant The percentages i~f rLtdroactIvrtJ, rncorpofatcd i%m cmnamic mto chioro- 
gemc acld, however, arc varlablc m both young and mature plants and there IS no correla- 
tlon with concentratmn Thus, while the percentage of lncor~~~~r;~t~on dlfLxs by ‘I factor 
of eight m the mfiltratlons performed on Aug. 1. 1973 and on Aug. 16. 1973 (mature plant 
sericbj, only 2 51’,, variation ofconixx~tratrorr \;cas noted (Tabic i 1. Tins rndrcz &es rhat d&r- 
ences m the rates of blosqnthesls do not automatically mfer great changes m concentration 
The same holds, to a some\+ hat lesser extent, for the younger plants 

The results of the trappmg experiments are given 111 Table 2 The most striking fact IS, 
that we found no detectable amounts of chlorogcmc acid m the trappmg experlmcnts with 
p-coumarlc aad, although analysts of the same mature plant showed normal quantltles 
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of the ester. This result may reflect a regulating effect of p-coumanc acid on the biosyn- 
thesis or turnover of chlorogemc acid. If the blosynthesls of chlorogemc acid is blocked 
by high p-coumaric acid concentrations, and the chlorogemc acid disappears almost com- 
pletely after 9 hr (total experiment time), we may conclude that chlorogenic acid must have 
a high turnover. The amount of radloactlvlty found in p-coumaric acid IS high (13 and 
6%) in agreement with the experiences of Steck.h 

TABLE 2 THE EFFECT OF THE ADWTION OF UNLABELLED p-COUMAKIC ACID ANI) CAFFEIC ACID ON THE IN~ORPOR- 

AT102 OF I-CINNAMIC ACll,-3-['4c] INTO (III ORO(,tNI( A(‘111 

Weight 
of 

shoots 

(g) 

Uptake 

(PC]) 

Trdppmg compound Chlorogemc acid 
Rad dct Rad. act 

PC1 
* 

(7; of PC] (“PO of - 
(Pg) uptake (vg) IBM uptake 

First series 
1 60 331 p-coumarlc 256 0 211 13 1 0 0 
1 57 3 46 caffex 141 0221 5 03 437 0 0952 341 
151 3 40 - 397 0216 7.11 

Second series 
1 10 8 VL p-coumarx 172 0511 600 0 - 0 
I 34 IO I caffelc 106 0 405 2 36 449 018 2 27 

Steck found little radioactivity m chlorogemc acid (0.031%) m an analogous trapping 
experiment which he attributed to p-coumanc acid taking up most of the radioactivity and 
not being further hydroxylated. As reported earlier,” we also found a good conversion 
from t-cinnamlc to o-coumaric acid In contrast to Steck.6 we found a good conversion 
of t-cmnamic into caffeic acid. When we used caffelc acid as a trapping compound, less 
radioactivity was found in chlorogemc acid, relative to the reference mfiltratlon (3.41% vs 
7.11%). At first sight, this might mean that caffelc acid lies on a direct pathway between 
cmnamlc and chlorogenic acid but this hypothesis was not confirmed by the further kinetic 
experiments. The effect is, therefore, not yet clear. 

TABLE 3 VARIATION IN THE AMOC'NT AND SPECIFIC ACTIWTY OF CHLOROGENIC AND CAFFEIC ACID DCRING THE 

COIJRSEOFTHE KINETICEXPERIMENT 

Infiltration 
Time 

(hr) 

Chlorogemc acid Caffex acid 

(!Jg) (&I//AM) x 10’ (PL8) (&~/PM) x lo2 

4 385 694 155 4 75 
8 415 5 22 550 243 

11 410 446 650 3 76 
17 395 4 18 408 500 
26 425 443 435 3 15 

Kinetic experiments 

Our further experiments on the kinetics of caffeic acid biosynthesis (Table 3), show that 
caffelc acid cannot be an mtermediate on a major pathway from cinnamic to chlorogemc 
acid. Its specific activity 1s lower than that of chlorogemc acid, except after 17 hr, and com- 
parison of the kinetics of the formation of both products excludes a simple precursor- 
product relation 

lo NAGELS L and P4RM~NTIE% F (1973) Arch Int Phpd Bmchm 81, 733 
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Chlorogemc acid gets labelled more quickly to start with, and then part of the radioactl- 
vlty IS lost with a constant amount of radloactlvity being reached about 10 hr after the 
end of the pulse The caffelc acid pool on the contrary contains its maxJmum amount of 
radioactivity 10 hr after the cinnamlc acid pulse. This means that, although radloactlvity 
reaches the caffelc acid pool qmte quickly, It JS stJI1 being actively synthesized 8-l I hr after 
the short pulse of labelled clnnamlc acid The results do not however rule out the ~OSSI- 
blllty that caffelc acid JS ;1 secondary precursor of chlorogemc acid 

EXPERIMENTAL 

Plnnt Marerral Mature plants of Ct~un~ ~oc~~,~rqrz heght about 190 cm were grown m the prcenhouse 
They had all been derived from one clone One wds tdken as the clone for the Young plants. set in No\ 1972 
and also grown m the greenhouse At the end of the ~urvc)r (Scpt 1971). these young plants had ‘1 height 01 
about 50 cm 

Feerir/19 ~CC/UIIC~U~S Plant shoots with 2 leaves. we~c cut at about 20 cm from the top of a branch (Weght 
1~ 1 6g) They acre plnccd m a soln contammg I 7 ml I-I,0 ‘ibout 1 mg radloactivc cmnamlc ,Icld. and dn cqul- 
rnohtr rmlount of D( - jqrrrnrc ‘lcrd After thrs solutron had been ‘Ibsarbed, H,U %ds supplred to the shoots 
There welt dlumrnated with 2800 Ix, by Osram L-Fluor,{ lamps The total mfiltrCrtron trme wds 7 hr For the 
trapprng erperrrnents sattrratcd solutrorrs of 01~. I trupprrl~’ ;1LId\ we,-e fed III the i&t to pLrrrt \hLJot\ for 2 hr 
Then. a short pulse of I-cmnrlmlc acld-3-‘JC‘ (50 ICI ,uM) m 250 1’1 H20 UJS glvcn Alter thlr. the shoot was 
replaced III Irght m the solrrs 01 the “trapprng” kicrd tar 7 frr mole ‘The sdme condrtion\ were mrpfojed III the 
reference mfiltratton with H,O instedd of the acids Shoots were tahen from matulc plants only In the hmetlc 
experrnrerrt 20 fully-grown leave5 derrced from one bmnch of a matLtre p&t uert’ Wed The cut ie& ends HCIC 
pl.rced rn the mfiltr,rtron solutrom Thq were treClted ifI c.wctl~~ the same M di ds dcscr rbetl above for the trqprng 
experiments with caffelc acid (e g mfiltratmn of a saturdted soln of caffcfclc acid fol 3 hr J 15 min pulse of I- 
cmnanuc acrd-3-*sC‘. dnd repfacement rn the sdturatcd dcrd sofutron for vdr-rabfc trme5) tour Icaves 65erc wrth- 
drawn randomly and analyzed each time 

I\olut~~ and p~r~$car~on rechr~{ue\ In all cxperrments, the plant matcrtal to be cudmuncd aas bolled m XV’,, 
EtOH for 15 mln . mlxed, bolled for ‘Inother I5 mm, and insoluble mate] 1~1 filtered-off Purlficatlon of the extract 
was performed m two steps using prepdratlve and ,malytlcal column chromatography The plepar‘~tlve column 
used was the same ins descc~bed carlrcr Ii’ The <malytrc<d coiurrrn uqcd wa\ rtrr‘dogous to ttrc cuh.mrn descrrbed 
by Hdnqon and Zucker ’ 1 


