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Abstract—The chlorogenic acid content of Cestrum poeppign, and 1ts ability to form the acid from labelled t-
cinnamic acid, was determined at different stages of growth In contrast to mature plants, young plants showed
great seasonal variation 1n their chlorogenic acid content The incorporation of radioactivity from z-cinnamic
into chiorogenic acid aiso differed greatly during the growth period Trapping experiments with caffeic and p-
coumaric acids were performed to study the effect of large pools of these acids on the incorporation of t-cinnamic
acid-3-[**C]J into chlorogenic acid The kinetics of incorporation exclude a major role for caffeic acid in the bio-
synthesis of chlorogenic acid

INTRODUCTION
LITTLE 18 known about the variation 1n the concentration and the rate of biosynthesis of
chlorogenic acid during growth of plants. Some studies have been carried out on the effect
of photoperiodic induction,'-? but no change was found 1n the turnover of chlorogenic acid
after induction of flowering. However, the concentration and turn-over of the acid were
found to be dependent on the part of the plant that was analyzed.®**

The biosynthetic pathway from cinnamic to chlorogenic acid 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,>*® although, caffeic acid was generally a relatively bad pre-
cursor, whereas p-coumaric acid was comparable to, or even more efficient than
r-cimnamic acid.

Trapping experiments have provided additional information ¢ For example, Steck found
a good conversion of r-cinnamic into p-coumaric acid, but very little into caffeic acid.
Some authors have also investigated the kinetics of chlorogenic acid formation in plants
using labelled ¢t-cinnamic acid as precursor. A simple first order kinetics was found by Tay-
lor et al..” in Xanthwum leaf disks. Colonna et al.,® on the other hand, found an increase
of radioactivity during the first few hours of infiltration, followed by a constant level dur-
ing the following 50 hr, 1n coffee plants. Caffeic acid derivatives, both soluble and insoluble,
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have been studied by several authors 1n kinetic experiments. because of their possible role
as lignin precursors Nothing, however, 1s known about the kineucs of free caffeic acid for-
mation Whether this acid 1s an important precursor of chlorogenic acid or not. has not
yet been established

We tried to get a better insight into all these problems and cspecially the caffeic acid-
chlorogenic acid relation, by observations on cestrum poeppign Seasonal variations. trap-
ping experiments and kinetic studies have all been carried out.
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Werght Uptake of Chitorogenie aerd formed

Datc of of {-cinnamic Rad act
expermment shoots acid- nCa (", of

(1973) (2) (1) (ng) (ug.g) uM uptake)
Young plants
18 Jan 1 00 830 U 0 0
25 May 134 228 0 0 0
1 Aug 150 101 757 S08 0274 sS85
16 Aug 105 505 625 598 00322 113
24 Sept 0796 400 172 216 000183 0318
Mature plants
26 June 116 otz 273 23 0313 134
I Aug 167 10 06 430 261 0439 S42
16 Aug 1 46 505 372 255 QU325 0675
24 Sept {29 404 342 240 00376 (900

RESULTS

Seasonal variation mn chlorogemc acid biosyathesis

The chlorogenic acid content and the mcorporation of radioactivity from labelled cin-
namic acid were determined quantitatively in sections of shoots from young and old
plants. As can be seen in Table 1, young plants show great differences in the concentration
of chlorogenic acid during development The results confirm earlier data. that the meta-
bolic activity of the plant is at its maximum at the beginning of August ¥ Such varations
are not encountered in mature plants where the chlorogenic actd concentration 1s practi-
cally constant The percentages of radioactivity, meorporated from cinamic into chloro-
genic acid, however, arce variable in both young and mature plants and there is no correla-
tion with concentration Thus, while the percentage of mcorporation differs by a factor
of eight 1n the mfiltrations performed on Aug. 1. 1973 and on Aug. 16. 1973 (mature plant
series), only 2 5% variation of concentration was noted (Table ). This mdicates that differ-
ences 1n the rates of biosynthesis do not automatucally infer great changes m concentration
The same holds, to a somew hat lesser extent, for the younger plants

Trapping experiments

The results of the trapping experiments are given 1 Table 2 The most striking fact 1s.
that we found no detectable amounts of chlorogenic acid n the trapping experiments with
p-coumaric acid, although analyses of the same mature plant showed normal quantities
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of the ester. This result may reflect a regulating effect of p-coumaric acid on the biosyn-
thesis or turnover of chlorogenic acid. If the biosynthesis of chlorogenic acid is blocked
by high p-coumaric acid concentrations, and the chlorogenic 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 radioactivity found in p-coumaric acid 1s high (13 and
6%,) in agreement with the experiences of Steck.®

TABLE 2 THE EFFECT OF THE ADDITION OF UNLABELLED P-COUMARIC ACID AND CAFFEKC ACID ON THE INCORPOR-
ATION OF [-CINNAMIC ACTD-3-['*CT INTO ¢ HI OROGENIC ACTD

Weight Trapping compound Chlorogenic acid
of Rad act Rad. act
shoots Uptake #Ci (% of uCa (% of
(8 (uCy (ng) M uptake (1g) uM uptake
First series
160 331 p-coumaric 256 0277 131 0 — 0
157 346 caffeic 141 0221 503 437 00952 341
151 340 — — — — 397 0216 711
Second series
110 892 p-coumaric 172 0511 600 0 — 0
i34 10} caffeic 106 0405 236 449 018 227

Steck found little radioactivity in chlorogenic acid (0-031%) mn an analogous trapping
experiment which he attributed to p-coumaric acid taking up most of the radioactivity and
not being further hydroxylated. As reported earlier,’® we also found a good conversion
from f-cinnamic to o-coumaric acid In contrast to Steck.® we found a good conversion
of t-cinnamic into caffeic acid. When we used caffeic acid as a trapping compound, less
radioactivity was found in chlorogenic acid, relative to the reference infiltration (3-419 vs
7-11%). At first sight, this might mean that caffeic acid lies on a direct pathway between
cinnamic and chlorogenic acid but this hypothesis was not confirmed by the further kinetic
experiments. The effect 1s, therefore, not yet clear.

TABLE 3 VARIATION IN THE AMOUNT AND SPECIFIC ACTIVITY OF CHLOROGENIC AND CAFFEIC ACID DURING THE
COURSE OF THE KINETIC EXPERIMENT

Infiltration Chlorogenic acid Caffeic acid

Time

(hr) (ng) (LC/uM) x 10 (1g) (HCuM) x 107
4 385 694 155 475
8 415 522 550 243

11 410 446 650 376

17 395 418 408 500

26 425 443 435 315

Kinetic experiments

Our further experiments on the kinetics of caffeic acid biosynthesis (Table 3), show that
caffeic acid cannot be an intermediate on a major pathway from cinnamic to chlorogenic
acid. Its specific activity 1s lower than that of chlorogenic acid, except after 17 hr, and com-
parison of the kinetics of the formation of both products excludes a simple precursor-
product relation
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Chlorogenic acid gets labelled more quickly to start with, and then part of the radioacts-
vity 1s lost with a constant amount of radioactivity being reached about 10 hr after the
end of the pulse The caffeic acid pool on the contrary contains its maximum amount of
radioactivity 10 hr after the cinnamic acid pulse. This means that, although radioactivity
reaches the cafleic acid pool quite quickly, 1t 1s still being actively synthesized 8-11 hr after
the short pulse of labelled cinnamic acid The results do not however rule out the possi-
bility that caffeic acid 1s a secondary precursor of chlorogenic acid

EXPERIMENTAL

Plant Material Mature plants of Cestum poeppign height about 190 cm were grown in the greenhouse
They had all been denived from one clone One was taken as the clone for the young plants, set in Nov 1972
and also grown in the greenhouse At the end of the survey (Sept 1973). these young plants had a height ol
about 50 cm

Feeding techmques Plant shoots with 2 leaves, were cut at about 20 cm from the top of a branch (Weight
I-16g) They were placed in a soln containing 1 2 ml H.O about | mg radioactive cinnamic acid. and an equi-
moiar amount of D{—jquinw acid After this solution had been absorbed, H,O was supphed to the shoots
These were ittummated with 2800 Ix, by Osram L-Fluora lamps The total mfiltration time was 7 hr For the
trapping experiments saturated solutions of the ~trappmg ™ acrds were fed 1 the hight to plant shoots for 2
Then, a short pulse of t-cinamic acid-3-"*C (50 uCr uM) 1n 250 @ H,O was given After this, the shoot was
replaced m hight 1 the sofns of the “trapping” dacid for 7 fir more The same conditrons were empioyed m the
reference mfiltration with H,O 1nstead of the acids Shoots were taken from maturc plants only In the kinetic
expertment 20 fully-grown keaves derrved from once branch of a mature ptant were used The cut leat ends were
piaced m the wfittration sotutions They were treated it exactly the saime waj as described above for the trapping
experiments with caffeic acid (e g infiltration of a saturated soln of caffeic acid for 2 hr a 15 min pulse of ¢~
cinnamic acid-3-1*C, and replacement m the saturated acid sofutron for varrable times) four feaves were with-
drawn randomly and analyzed each time

Lsolunion and purthcanon techuigues Iu all experiments, the plant material to be examined was botled m 80°
EtOH for 15 min, mixed, botled for another 15 muin , and nsoluble matenial filtered-off Purification of the extract
was performed 1n two steps using preparative and analytical column chromatography The preparative column
used was the same as described cartier * The anatytical cotumn used was analogous to the cotumn described
by Hanson and Zucker '

Quealitatice anaty sis. Etution trom the anatyticat cotumn was follawed contmuaousty with a spectrophotometer,
equipped with a flow cell For some cxtracts the column ehuent was sphit, one pact passing through an UV spec-
trophotometer (at 320 nm), the other part mixed with scintllator soln and passed through a scintillation
spectrometer fow celt All fractions wiuch were of witerest were cvaporated to disness and dissobved w FtOH
The amount of compound wis assayed spectrophotometricatly Radioactivity was measured @ hquid scontidla-
tion countct

Yentification and puray tests The R, valae of the etuting compounds 't was very uselul as @ means of quatita-
tive identification In practically all chromatograms. chlorogenic acid and the fed p~coumaric and caffeic acids
were the only phenols elutmg from the anatyticat column €V spectra m EtOH and FtOH + NaOH were taken
for each fraction sampled and the fluorescence noted All fractions were also subjected to TLC on cettulose plates
{20 x 5 cmy with BuOH-HoAc-H,O 4 t 5y, as eluent Radrochemicdat purity was verified by passing the chro-
matograms through a radiochromatogramscanner The amount and radrodactivity were finadts deternmmed when
the samples were found to be pure enough for further mvestigaton
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