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SHORT REPORTS 
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Abstract --High levels of cyclic AMP activity were detected in the fruit of Ziqphus jujuha. The partially purified cyclic 
AMP-like substance was found in amounts ranging from 100 to 150nmol/g (fr. wt) by both a competitive binding assay 
and radioimmunoassay. The cyclic AMP-like substance also showed the same elution pattern as authentic cyclic AMP 
and was decomposed by cyclic nucleotide-specific phosphodiesterase. 

Cyclic adenosine monophosphate (cyclic AMP) has been 
established as an intracellular second messenger in the 
action of various hormones, prostaglandins and 
catecholamines [ 1 j. There is considerable evidence to 
suggest that the cyclic nucleotide system plays a significant 
role in the pathophysiology of bronchial asthma and 
allergic diseases [ I]. Ancient Chinese medical pre- 
scriptions which were used to treat these diseases have been 
described in books of Chinese medicine [2,3] and tests 
were therefore performed on such plants to assay for the 
possible presence of cyclic AMP. 

Water extracts of 180 different plants were tested for 
cyclic AMP activity by a competitive binding assay. Of 
these. only the fruit of Zizyphus jujaba was positive. The 
active substance was eluted by methods known to isolate 
cyclic AMP. After incubation with cyclic nucleotide- 
specific phosphodiesterase (EC 3.1.4.17) at 37” for 60 min. 
more than 98”;: of the activity disappeared and 5’-AMP 
was detected by TLC. These results suggest that the 
isolated substance is cyclic AMP. 

Cyclic AMP levels in matured dry fruit ofZ. jujuha range 
from 100 to 600 nmol/g (dry wt) and in matured fresh fruit 
100 to 150 nmolig (fr wt) as measured by both competitive 
binding assay and radioimmunoassay. Moreover, both 
methods usually gave the same value on a given sample. 

There have been a few reports of the existence of cyclic 
AMP-like compounds in higher plants [4-71. However. 
the amounts reported are at most IOnmol (dry wt). The 

levels of cyclic AMP in fresh fruit of Z. jujuba are therefore 
the highest yet found. not only in plants but also m animal 
tissue [8]. Only trace amounts of the cyclic AMP-like 
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substance (20-25pmoFg fr wt) were detected in fresh 
immature fruit of Z. jujuba. This suggests that an increase 
in cyclic AMP synthesis and/or decrease in cyclic AMP 
catabolism occurs during maturation of the fruit. 

The cyclic AMP-like substance, purified using Dowex 
AG 1 x 4 (Cl-) and Alumina Woelm N-Super 1. showed 
the same physicochemical properties as authentic cyclic 
AMP by TLC using different solvents, by UV spec- 
troscopy, and by HPLC [9]. 

EXPERIMENTAL 

Fruit of Z. jtquhu and other plants was purchased from Uchida 

Wakanyaku Company. Tokyo, Japan. who imported them from 

China. Fresh fruit of Z. jujube WCS also obtained from Kyoto 

Takeda Harbal Garden, Kyoto. Japan. 

Assay. Samples were diluted with 50 mM NaOAc buffer. pH 4 

and assayed by both competitive binding : IO] and radioimmuno- 

assay :l 1 1. Kits for these assays were purchased from Boehringer 

and Yamasa. respectively. 

Exrrucfion One hundred and eighty different plants known to 

Chinese medicine [2.3] were screened for cyclic AMP activity. 

Dried plant material (log) was suspended in 3OOml of Hz0 and 

boiled until the vol. reached IOOml (ca 40 min). Authentic cyclic 

AMP was found 10 be stable during this procedure. The soln was 

centrifuged at 25ooOg for 30 min and the supernate passed 

through a membrane filter. These H,O extracts were serially 

diluted with 50 mM NaOAc buffer. pH 4 and cyclic AMP activity 

was determined. Only the fruit ofZ. jujuba was positive for cyclic 

AMP activity in the screening procedure described above. We 

isolated cyclic AMP-like substance as follows: dried crushed Z. 

jujuba fruit (100 g) was suspended in 500 ml H ?O and boiled for 30 

min. The solid material was collected on a stainless steel mesh (100 

squares/cm) and extracted two more times with H,O in the same 

way. The resultant extracts were pooled, filtered through sintered 

glass lyophilized and resuspended in 5OOml 95”,, EtOH. 
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Extraction with EtOH was carried out by heating to 80” for 3 hr. 
The resultant extract was filtered through sintered glass. 

lyophilized. redissolved in lOOmI 50mM NaOAc buffer. pH 4. 

One ml ofthis soln was passed through a column of Dowex AC I 
x 8. 0.6 x 3.0cm. (formate form, 200-400 mesh) according to 

ref. [12;. The resin waswashed with IOml HzO.and > 90”1ofthe 

cyclic AMP-like substance was eluted with IOml 2N 

HCO,H. :‘H]-Cyclic AMP was eluted identically when added to 

the plant extract starting material. 

.Smsiriuiry to phosphodiesrerase. The partially purified fraction 

fromtheDowex AG I x 8columnwasincubatedat37’for6Omin 

with cyclic nucleotide-specific phosphodiesterase from beef heart 

(EC 3.1.4.17) (Boehringer) in the presence of 5 mM MgClz at pH 

8.6. The reaction was stopped by heating to 100” for 2 min. Almost 

98”,,ofthecyclicA~Pactivitywaslostandgenerationof5’-AMP 

was detected by TLC (SI gel) m C,H,-EtOAc--MeOH (I : 1:3). 
These results indicate that the structure of this substance is 

probably the same as that of cyclic AMP from animal 

tissue : 13, I4 1. 
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