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Abstract 

trans-Cinnarnic acid and its derivatives were investigated for the a-glucosidase 

inhlbitiory activity. 4-methaxy-trans-cinnamic acid and 4-methoxy-l,ans-cinnamic acid ethyl 

ester showed the highest potent inhtb~tory activity anlong those of trans-cinnarnic acid 

deflvatives. The presence of substituents at 4-positlon in trans-cinnarnic acid altered the a- 

glucosidase inhibitory activiTy. lncreasrng of bulkiness and the chain length of 4-alkoxy 

subst~tuents as well as the increasing of the electron w~thdrawing group have been shown 

to decrease the inhibitory activity. 4-methoxy-(tans-cinnamjc acid was a non-competitive 

inhrbitor for a-glucosidase, whereas. 4-i?1ettloxy-t1-ans-cinnatnic acid ethyl ester was a 

compet~t~ve ID hibrtor. These results indicated that bans-cinnamic acid derivatives could be 

classified as a new group of a-glucosida SF! inhlbitors. 



Graphical Abstract 

The substrtution at 4-position in t~ans-cinnamic acid with OH- and OC,H,-group increased 

the a-glucosldase lnhlb~tory activity. Both 4-methoxy-!fans-cinnan?ic acid and 4-methoxy- 

trans-c~nnarnic acid ethyl ester exerted the highest potent inhibitory activity among those of 

Pans-c~nnarnic acid derivatives. 

4-methoxy-tmns-clnnamic acid 4-methoxy-frans-cinnamic acid ethyl ester 
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Introduction 

a-Glucosidase lnhlbltors have been shown to be potentially valuable for treatment of 

various diseases. Inhibition of CI-glucosidase decreases the blood glucose levels via 

delaying digestion of poly- and oligosaccharides to absorbable monosaccharides.' This 

leads Eo a reduction In glucose absorption and, subsequently, the rise of postprandial 

hypesglycernia is attenuated. CC-Glucosjdase inhibitors are also known to be promising as 

anti-viral, anti-HIV agents, whbch alter glycosidation of envelope glycoprotein through - + 
interference with blosynthesis of N-linked ol~gosacchar~des." In addition, they have 

recently been used for treatment of B- and C-'type vrral hewatltis ' Recent studies have 

shewn that tetrachlorophthalimide and 3-0-acyl rnesquitof analogues were new examples 

class of a-glucosldase inhibitors 

trans-cinnamic acids, orlglnally isolated from plant sources ' ,  have been reported to 

possess a varjety of biological psoperltles including hepatoprotectlve :', anti-rna~arial'~ and 

an:i~xIdant activitres. For example, tl-ans-cinnarnjc acid induces cytostasjs and a reversa! 

of rnalfgnant properties of human tumor cells in vitro. Furthermore molecular analysis have 

been shown that the anti-tumor activity of clnnamic acid may b ~ !  due in part to the inhibition 
12 

of protein isoprenylation in mitogenic signal transduction. p-Coumaric acid or 4-hydroxy- 

trans-cinnamic acid has shown to possess anti-oxidant activity. It minimized the oxidation of 

low-density lipoprotein (LDL) involving direct scavenger of reactive oxygen species (RO?$:' 

Moreover, the dehydrogenated polymers of p-cournaric acid inhibited HIV-1 protease 

actjvity.'' 4-Methoxy-trans-cinnarnic acid exhibited a potent hepatoprotective activity in rat 

hepatocytes from toxicity induced by carbon tetrachloride (ccI,)."' Consequently, a broad 

range of biological activities of cinnamic acids have been reported, this leads us to 

investigate a new pharmacological activity of trans-cinnamic acid and its derivatives. 

In this sfudy, we studied the a-glucosidase inhibitory activity of trans-cinnamic acid and its 

derivatives whlch were obtained from a natural source, synthesis and commercially 



available compounds. We also discuss their structure-activify relationship and kinetics of 

inhibitory activity. 

Materials and methods 
16 

Compound 8-9 were isolated fronl the rhizomes of Kaempferia galanga. The other trans- 

cinnamic acid derivatives {I ,2.6,7,10-18) were synthesized by the Perkin reaction between 

aromatic aldehydes and aliphatic carboxyl~c acids following the procedure of Chiriac et al.17 

Compound 3-5 were purchased from Fluka Co.Ltd I-Deoxynorjirirnycin and a-glucosidase 

from baker's yeast (EC.3.2.1 20) were purchased from Sigma Chemical Co.Ltd. (St. Louis, 

MO). Structure of isolated and synthesized compounds were confirmed by spectroscopic 

data jl\iivlR, MS) and all others chel:~icals used were of analytical grade. The inhibitory effect 

of each conlpound on a-glucus~dase actlvity was measured according to the literature 

procedure. Bnefly, a-gtucosidase f r w  baker's yeast was assayed usrng 0.1 M phosphate 

buffer at pH 6.9, and 1 mM p-n~trophenyl-a-0-glucopyranoside (PNP-G) was used as a 

substrate. The concentration of the enzymes was 1 Ulml in each experiment. Fourty 

mtcrolltre of a-glucosidase was incilbsted in the absence or presence of various 

concentrations of trans-cjnnamic acid derivatives (10 PI) at 3 7 ' ~ .  The pseincubation time 

VGS specified at 30 min and PNP-G solut~on (950 PI) was added to the mixture. The 

reaction was carried out at 37 C for 20 min, and then 1 ml of 1 M Na,CU, was added to 

termmate the reactton. Enzyn~atic act~v~ty was quantified by measuring the absorbance &t 

405 nm. One unit of a-glucosidase IS defined as the amount of enzyme liberating 1.0 pmol 

of PNP per minute under the conditrons specified. 1 -Deoxynorjirimycin was used as the 

positive control in t h ~ s  study (Table 1). The IC,, values were expressed as mean k SE, 

(n=3). In order to evajuate the type of inhibition using the Lineweaver-Burk plot, the enzyme 

reaction was performed according to the above reaction with various concentralions of 

frans-cinnamic acid derivatives (8 and 9). 





5 mM). These results suggested that Increasing of the bulkrness, or the chain length of the 

alkoxy substltuent at 4-posblian nlay decrease the a-glucosidase ~nhibitior), activity. 

While the present:e of NO yrou1.j at 4-position of rrar~s-cinnamic ac~d (14) showed no 

activity (IC,:., 5 r??M). tile h-ar)s-cinrial'lli~ acid derivatives having F (15) and C1 (16) 

substituent at 4 position gave rnoderate activity (the f C. ,, values of 0.27 k 0.06, 0.39 ? 0.14 

mFA, respectively). This obewation supported the nolien that a decrease in electron d~versity 

of /tans-cinnamic acid 1110iety WQIIIC~ result in the decrease of U-glucosidase inhibitiory 

activity. On the other hand. ~l-!)rorno-ltans-cina1-11i(; acid (17) had no effect on a- 

glucosidase ir'lhibit~ng activity. 

h~~~eweaver-Burk plot of I j l-yl~~cr,s~rl~ise hirietics IS shown in F~gure I .  The kinetic result 

derr~onstrated that the r~ l~c t l ;~ i i ! s~  11 c:i a-gfucos~das~ lrlh~ bit~on of corl~pound 8 was a non- 

c~nlpetltlve w~th  K value ot O.Dti -4 0 01 rnM. In contrasl. 4-methoxy-trans-cirlnamjc acid 

ethyl ester (9) was a corllyel~tlve ~ r ~ l l ~ i ~ r t o r  w~th K valun of 0.02 3' 0.01 m M  At this point, K, 

value was calculated uslng the vdlues of V ,?, obtained at 0 and 55 6 I_LM for compound 8, 

and the values af K ,).,, obtalrled at 0 and 48 1 I_1M for corrlpound 9, respectively To date, 

the m~croblal a-glucosldas~ is kriown to be s2ructurally d~lfersnt to those of rrlamrrlalial 

origrns. The rnlcrobial CX-gIucosida~? ~nhl bt tors are not necessar~ly the niamrnafial a- 

glucosidase inhibitors. For exarl~ple. (+)-catechin, a natural inhibitor of yeast a- 
glucos~dase does not show any inh~bitory act~vity on rnamnialial a-glucosidase. On Zhe 

other hand, acarbose and vogllbose sllow very hlgh intlib~tory actlv~ty on porcme small 

Intestine a-glucos~dase, but both of Iheln show very low inh~bltory activity on microbial a- 
glucosidase", suggest~ng that ongoing exper~ments should be focused on the inhibitory 

activity of these conlpounds agabnst luamlnallan lntestirlal a-glucosidases. Nevertheless, 
. - 

the inhibition of yeast a -g lucos~das~  by trans-cinnanllc acid derivat~ves served as an 

Interesting structljral activiiy relationst~ip of this group of ~nhjbi tors. 



Conclusion 

In conclusion, 4-rnethoxy-trans-c~nnamic acid (8) and 4-mcthoxy-trans-cinnamic acid ethyl 

ester (9) showed the highest activity on microbial a-glucosidase inhibition among the trans- 

cinnamtc acid derivatives Additional studies on a-glucosidase inhibitory effects of trans- 

crnnarnic acrd derivatives using x-ray crystallography to evaluate the binding activity 2s we!! 

as ii ihtbi20~ actlvily of these compounds on a-glucosjdase from marnrnalral sources and in 

ViVO experiments are in progress. In addition, further studies on the elucids:lon of molecular 

mechanisms of the trans- cinnamlc acid derivatives against a-glucosldase could also be 

rewarding. 
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Table 1. IC values of [tens-cinnarlltc acid and ~ t s  cierrvatives for inhjbltton of a- 

glucosidase 0 



Figure 1. Lineweaver-burk plot analysis of the inhibition kinetics of a-glucosidase inhibitory 

effect3 (a) 4-methoxy-lmns-cinnamic acid (a), and (b) 4-methoxy-trans-cinnamic acid 

ilhyl ester (9). 
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