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New Discovery of Pattern of Purine Alkaloids in Wild Tea Trees
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Abstract: The compasition of purine alkaloids in kucha ( Camellia assamica var. kucha Chang et Wang) were investigated from
its one buds and two leaves including cultivated and wild samples in detail by qualitative TLC and quantitative HPLC, the results
indicate that major purine akaloids were 1, 3, 7 9-tetramethyluric acid (theacrine) and caffeine. Theacrine in most of individuals

inner variety was the major purine alkaloid and its content was from 1. 3% to 3 4% dried weight. And theacrine in kucha was al-

ways companied with caffeine and thecbomine. The concentration of theacrine was highest in apex buds and then were rapidly

decreased from young, mature to aged leaves. The theacrine content were changed together with seasons but its characterzation of

theaciine as major purine alkaloid were not changed in identified individual trees with major theacrine. In some individual trees

the theacrine content was changeable, sometime major purine was theacrine and otherwise was caffeine. Containing predominant

theactine in kucha isa new record not only in taxa of genus Camellia Section Thea (L ) Dyer but also is a new record in flower-

ing plants
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1  Introduction

Tea is a traditional beverage drunk for thousands
years by Chinese. Drinking tea may excite nerve and di-
gest helpfully because tea contains caffeine and other ben-
efit compounds to human body. Two species, Camellia
sinensis (L. ) O.Kunize and C. assamica ( Mast. )
Chang are used for tea manufacture. But in 1980s we
found C. ptilophylla Chang, a species allied tea trees,
contains theobromine about 4% dried weight and caffeine-
less. In taxonomy, C. sinensis, C. assamiaz and C. pti-
lophylla are belonged to genus Camellia Sect. Thea (L. )
Dyer in which thewre are 32 species“] . Predominant purine
alkaloid is caffeine in tea and is theobromine in C. pti-
lophylla. In tea, about 0.05% theobomine and
0.000 2% theophylline dried weight are always existed
accompanied with caffeine. In 1937, although Johnson
firstly found natural 1, 3, 7, 9-tetramethyluric acid fiom
abandon tea liquid after extracted caffeine, it is so lower
quantity that never have been detected in routine determi-
) el
al reported higher content of 1 3 ;7 ,9-tetramethyluric acid

nation of tea” . In 199, Ye Chuang-xing (

in C. assamica var. kucha Chang et Wang which was still
lower quantity than caffeine in it

In this present study, purine alkaloids in young
shoot (one bud and two leaves) based on individual trees
were detemined. Theacrine was found as predominant

* : 2002— 10— 16
(39570081)
(1946 )s >

Article ID. 0529-6579 (2003) 01-0062-04

purire alkaloid and caffeine was secondary purine alkaloid

in kucha.
2 Experimental results and discussion

By qualitative and quantitative analysis based on ex-
tensive investigation of C. assamiar var. kucha, individu-
al trees were elected for determination of purine alkaloids
in detail. The samples were from the cultivated and wild
trees of C. assamiaz var. kucha, one of the trees was es-
pecially elected to detect its purine alk aloids in successive
three year and successive growing season in one year.
How we show that 1 3,7 9-letramethyluric acid possibly
become predominant purine alkaloid up to 3. 4% dried
weight in C. assamica var. kucha, caffeine and theobro-
mine are its allied purine alkaloids.

Samples of C. assamica var. kucha were obtained
according to one bud and two leave below bud from newly
emeraged shoots; after fresh samples were steamed for 2. 5
min kept them apart water and then put them into oven
under 80 C to dry. Ground samples were accurately
weight and purine alkaloids were exacted with boiling wa-
ter, lead acelate was added into the filtrate to remove tea
polyphynol substances. Standards of purine alkaloids were
caffeine, theophylline (SIGMA, USA ), theobromine
(Shanghai Biochemical Factory, China) and 1,37 9-
methyluric acid (in our laboratory separated and purified
from C. assamica var. kucha ). Aliquots were analyzed
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qualitatively by TLC 200 mm X 200 mm sheets of using
aluminum and fluorescent silica gel (Fluka Chemic AG,
Germany), the solvent system separated was consisted of
ethyl acetate methanol kchloroform (v (ethyl acetate) v
(methanol) *v (chloroform )= 5 0. 15 *5) which were
compared with standards and were monitored using a Shi-
madzu UV-Vis monitor; type SPD-10A. The TCL wesult
of one tree of kucha was showed as Fig. 1.

| Terminated line '

- Caffeine [

[ 1_—I'il.'ilL'I!'l.l11' ]

- Theaphylline |

Ieobromine

—{ Unknown

| Kuchs Sample

- —— Standards

Fig 1 TCL chromatography

Aliquots were analyzed quantitatively by HPLC.
Analysis was carried out with Shimadzu HPLC system,
Type LC 10A on a ODS-Hypersil column (250 mm <X 4. 6
mm i d. ) packed with a 5 #m ODS Hypersil support
(Shandon, Runcorn, Cheshire, UK ), elute a flow rate
of 1 mL fin with a 25 min, 0~40% gradient of metha-
nol in 50 mmol L sodium acetate'*” pH 5. 0. The ab-
sorbance at 270 nm and 290 nm were monitored using a
Shimadzu UV-Vis monitor; type SPD-10A. Content of
each purine alkaloid separated was calculated following
the formula:

!
= 5 050

F:£
a

M is content of purine alkaloid, mg é; A is peak area;
m is sample dried weight; F' is rectify factor; ¢ is con-
centration of standard; a is peak area of standard.

Tab. 1 indicates clearly that the major purine alka-
loids accumulated in 9 trees detected in leaves of C. assa-
mica var. kucha were 1 3,7 9O-tetramethyluric acid, caf-
feine. and, theohmmine.

Tab. 1 Analysis of silica gel

thin layer chromatogaphy1>
Na Theacrine Caffeine  Theobromine Theophylline
K002 d d d nd
K003 d d d nd
K005 d d d nd
KOO8 d d d nd
K010 d d d nd
KO11 d d d nd
K013 d d d nd
K017 d d d nd
KO18 d d d nd

1) d detected; nd, no detected.

Tab. 2 show that the major purine alkaloid was

theacrine in six of nine trees, sometime was theacrine,

Tab. 2 Analysis of C. assamica var. kucha samples

Time No. ™ Wit
tme o mg Theacrine Caffeine Theobromine

A K002 120 19910 111 0 8390 052 0 2980 102
K005 496 2 21440 013 L 06940 214 1 58240 043
K008 509 2 060%0 001 1 340%0 036 0 7520 021
KO11 486 192340 004 0 95240 042 1 11120 004
K017 500 2 02040 101 1 49040 118 0 64740 014
K018 440 1.5294-0 008 1 52840 129 0 4480 068

B K002 125 19910 112 0 2560 023 0 28140 009
K005 496 2 200=£0 021 1 201£0 001 1. 43240 013
K008 204 198140 016 L 9120 048 0 7680 015
KO11 180 3 08440 066 0. 35140 038 0 409+0 008
K013 167 1 86620 007 L 25340 020 0. 0440 005
K017 132 2 6264-0 004 1 8464-0 048 0 420+0 034
K018 218 2 6064-0 227 0. 47540054 0 11140 006

C KO017 175 186640 011 0 89840 017 0 14620 005
K018 215 1.55340 004 0 92240 046 0 17040 101

D KO002204 15010 010 O 4610 026 O 5380 041
K005 200 2 1280 017 0 379=+0 026 1 22220 031
K008 166 2 21740 010 L 59640 130 1 371%0 023
K010 152 2 19140 039 2 1364-0 024 0 95340 042
KO11 170 2 28440 024 0 61840 030 1 71020 005
K017 170 2 09240 004 1 67440 040 0 68510 003
K018 275 1. 75140 017 2 0762-0 081 0 68240 046

E K002 184 18320022 0 9870 028 1 6490 132
K003 200 2 96540 007 0 78140 011 0 8600 012
K010 243 1 73640 002 1 36310 060 0 791+0 014
KO11 500 1 80240 012 0 69610 027 0 64310 045
K013 500 1 30540 001 2 2564-0 001 0 55440 002
K017 266 1 72140 004 1 37940 071 0 5480 045
K018 289 1. 19540003 2 0760 016 0 2510 021

F K002 144 18900 027 1 3600 050 1 28910 054
K003 114 162240 005 1 60620 039 1 09940 070
K005 144 2 10840 005 1 40640 102 2 0800 037
K008 116 2 20720201 2 0574=0.009 1 545==0. 012
K010 111 2 03240 029 L 593+0 148 1 495+0 151
KO11 140 1. 88340 030 1 54140 017 1 790%0 004
K013 500 1 32140 001 2 26740 001 0 44540 103
K017 180 1 61240 003 2 27740 007 0 6970 003
K018 137 155240 001 2 77340 004 0 5480 002

D time, A: 19980927; B: 19981013; C: 19981228; D: 19990415;
E: 20000715; F: 20000817
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sometime was caffeine in two of other three trees. Major
purine alkaloid was theacrine in 32 of 38 samples, second
purine alkaloid was caffeine in six samples of three trees.
The experiment result indicates that major purine alkaloid
is theacrine in most of individual tees of C. assamica
var. kucha.

Tab. 3 indicates that the character contained major
purine alkaloid was definite from No. KO11, one tree of

C. assamica var. kucha in Sun Yat-sen University Gar-

Tab 5 Comparison of contents
of main purine alkaloids in buds various leaves

Location w(Theacrine) % w(Caffeine) 1%
Buds 2 80 2 70

Young leaves 275 055

Mature leaves L 25 0 70

Aged leaves 0 09 nd”

1) nd not detected

Tab. 6 shows assayed results in samples picked in

random from 10 trees in wild forestry, major purine alka-

dens. loids was theacrine in eight trees, in one of them, the
. contents were almost equal between theacrine and caf-
Tab.3 Analysis of kucha samples i "
eme.
from No. KO11 during growing seasons
. " wl¥ Tab. 6 Composition of purine alkaloids inner .
Time mg  Theacrine Caffeine Theobomine C. assamica var. kucha leaves from primitive location
20000415 500 3.444+0 001 0 46020 003 O 79540 001 m w/%
20000515 500 L 82140 003 0 5010 003 0. 7630 001 No e " Theacne Caffeine Theobromine
20000914 505 2 19020001 0 7210 000 . 130-+0 008 4 338 34510 025 057020 035 O 40240 035
6 366 325240 030 059220 006 0 539+0 017
7 268 19680 002 0 5400 034 0 256+0 018
Tab. 4 shows the changes of theacrine and caffeine 8 398 093740 051 139740205 0 20240 028
inner C. assamica var. kucha in which major purine alka- 9 323 16820 573 13240 169 0 4060 180
10 423 237240 633 0 7060 147 O 4910 008

loid was theacrine, and indicates the character of major
theacrine would be not changed under various seasons. In

spring, comntent of theacrine was highest, in autumn it was

lowest.
Tab. 4 The variation of theacrine content
in different seasons
Time w(Theacrne) /% w( Caffeine) /%
Apiil 2 09 117
May 1. 91 116
June 1. 93 1. 35
July 2 01 L o4
August L % L 59
September L 62 0 99
October 1. 77 1. 30

Tab. 5 shows the contents of teminate bud and the
leaves below bud from upper to lower in C. assamica var
kucha. In generally speaking, theacrine was highest, and
its concentration decreases rapidly from teminate buds to
aged leaves. The development stages of the leaves were
categorized as young, mature and aged. Young leaves
were the most recently emerged; mature leaves comprised
the fully expanded second leaf below the apex; aged leav-
es were from one year old shoots near the base of the

branches,

D Time is 20000426.
3 Summary

Data obtained from qualitative and quantitative anal-
ysis in C. assamica var. kucha indicates that major pu-
rine alkaloid is 1,37 9-tetranethyluric acid in most of
individualities inrer the variety. 13 ;7 ;9-tetramethyluric
acid has been artificial synthesis in 1890s, in 1937, nat-
ural 1,357 9-tetranethyluric acid was found by Johnson T
B firstly but it is never detectable major purine alkaloid in
routine analysis of tea. Higher content of 1 3 7 ;9-tetram-
ethyluric acid possibly means that Camellia assamica var.
kucha will be used for helpful beverage and needed pro-
gressively to research. After 1970s, Baumann et al®?
continuously reported theacrine were found in leaves from
species of genus coffea but it was lower content and it was
catabolized as the intermediated metabolite. Recently,
Zheng et al reported theacrine was biosynthesized from

caffeine in Camellia assamica var. kucha Chang et
Wang.
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