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ABSTRACT: Angiotensin converting enzyme (ACE) is one of the major regulators of blood pressure. 
Many antihypertensive drugs act through inhibition of this enzyme. In vitro assay is used for 
determination of ACE inhibitory activity. The aim of our research was to select the conditions for 
performing the ACE inhibitory assay. Sodium borate and HEPES (4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid) buffer were tested, as well as dried tomato extracts dissolved in 
ethanol or assay buffers. There were no statistically significant differences between results obtained 
by sodium borate buffer and HEPES buffer. Sodium borate buffer was chosen for further 
investigations because enzymatic reaction products after evaporation of ethyl acetate were more 
easily dissolved in water making absorbance readings more accurate. Ethanol was not suitable for 
sample dissolution because it masked inhibitory activity of the examined samples and gave false 
positive results. 
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INTRODUCTION 

Hypertension is one of the major chronic 
diseases. It is estimated that hypertension 
affects up to one third of the population in 
developed countries (Kearney et al., 
2005). Untreated hypertension can lead to 
various ailments, including coronary heart 
disease, peripheral heart disease, stroke, 
and kidney dysfunction (Chen et al., 2009; 

Hernández Ledesma et al., 2011). 

One of the main regulators of blood pres-
sure is angiotensin converting enzyme 
(ACE). ACE is a dipeptidilpeptidase con-
taining zinc in its structure (Hernán-

dez Ledesma et al., 2003). It acts on two 

body systems: renin angiotensin (RAS) 

and kinin kallikrein. ACE hydrolyzes deca-
peptide angiotensin I to octapeptide angio-
tensin II in lung capillaries. Angiotensin II 

is a potent vasoconstrictor and also in-
creases aldosteron secretion that causes 
reabsorption of water and salts in kidneys. 
On the other hand, ACE inactivates 
vasodilator bradykinin, part of the kinin-ka-
llikrein system (Chen et al., 2009; Hernán-

dez Ledesma et al., 2011). Inhibition of 
ACE leads to decrease in angiotensin II 
production and increase in bradykinin, 
thus lowering the blood pressure (Chen et 
al., 2009). Different synthetic ACE inhibi-
tors, such as Captopril and Enalapril, are 
widely used for treatment of hypertension 
(Hernández Ledesma et al., 2011). 

There are also natural ACE inhibitors and 
most of natural compounds that act as 
ACE inhibitors are protein hydrolysates 
and peptides obtained from animal and 
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plant sources, predominantly cereals and 
legumes (Belović et al., 2011). In the last 
decades, many crude and purified plant 
extracts, as well as chemically defined 
compounds isolated from plants, have 
been evaluated for their ACE inhibitory ac-

tivity (Barbosa Filho et al., 2006). 

There are different in vitro methods for the 
determination of ACE inhibitory activity. 
The most common method was developed 
by Cushman and Cheung (1971). This 
assay is based on the hydrolysis of 

hippuryl L histidyl L leucine (HHL) by 
ACE. The amount of hippuric acid formed 
in reaction is determined by measuring the 
absorbance at 228 nm (absorption maxi-
mum of hippuric acid). The difference bet-
ween absorbance in the absence and pre-
sence of inhibitor is proportional to the in-
hibitory activity of tested sample. 

This method has been modified in several 
ways by different authors. Buffer compo-
sition is often modified in addition to varia-
tions in ACE and HHL concentrations. 
Hernández-Ledesma et al. (2003) exa-
mined influence of different concentrations 
(0.1 M and 0.2 M) of borate and phos-
phate buffer on reaction rate (absor-
bance/min) as a function of HHL concen-
tration. The highest reaction rate was ob-
tained using 0.2 M phosphate buffer and it 
was selected for further studies. However, 
most authors used borate buffer in their 
investigation (Je et al., 2005; McCue et al., 

2005). In papers published by Actis Go-
retta et al. (2006) and Centeno et al. 

(2006), HCl Tris buffer was used in reac-
tion mixture, and the resulting hippuric 
acid was quantified by HPLC with UV de-
tection. Sigma quality control test proce-
dure uses HEPES sodium salt buffer as a 
reaction medium. 

Samples for ACE inhibitory assay have 
been prepared in different ways. Liquid 
samples were usually subjected only to pH 

adjustment (Hernández Ledesma et al. 
2003; McCue et al., 2005; Centeno et al., 
2006). Dry plant extracts were dissolved in 
HEPES assay buffer, or buffers with 10% 
ethanol or acetone (Duncan et al., 1999; 
Somanadhan et al., 1999). 

The aim of this research was to test differ-
rent buffers as reaction media and dried 

tomato extracts dissolved in different sol-
vents in order to find the optimal condi-
tions for performing the ACE inhibitory 
assay. 

MATERIAL AND METHODS 

Sample preparation 

Lyophilized and grinded samples of co-
mercially obtained tomato (4 g) were 

extracted with n hexane (8 x 20 mL) in 
ultrasonic bath for 2 minutes. The residue 
was extracted with ethanol (40 mL) for 24 
hours on shaker at room temperature. The 
solvents from both extracts were removed 
by evaporation in vacuum at 37 °C, using 
rotary evaporator. Dried extracts were 
resuspended in ethanol, borate buffer (50 
mM sodium borate and 500 mM NaCl, pH 
adjusted to 8.3 using 1 M HCl) and 
HEPES buffer (50 mM HEPES sodium salt 
and 300mM NaCl, pH adjusted to 8.3 
using 1 M HCl) to a concentration of 1 
mg/mL. These solutions were used for 
ACE inhibitory assay. 

Reagents 

Angiotensin converting enzyme (ACE) 
from rabbit lung (EC 3.4.15.1) and hi-

ppuryl histidyl leucine were purchased 
from Sigma (St. Louis, MO, USA). Cap-
topril solution was prepared using pro-

cedure described by Donáth Nagy et al. 
(2011) with some modifications. One tablet 
containing 25 mg of Captopril (Galenika, 
Belgrade) was pulverized in mortar and 
extracted with 25 mL of distilled water in 
ultrasonic bath for 10 min. Water extract 
was filtered through the filter with the pore 
size of 0.45 μm. Solution of captopril (1 
mg/mL) was used as the positive control 
for ACE inhibitory activity (Duncan et al., 
1999). Ethanol was used as the control for 
extracts dissolved in ethanol. 

ACE activity assay 

The ACE activity was determined by the 
modified method of Cushman and Cheung 
(1971). 50 µL of ACE solution (100 
mU/mL) was incubated with 50 µL of bo-
rate buffer or HEPES buffer at 37 °C for 10 
min. After the addition of 150 µL of 

substrate (8.3 mM Hip His Leu in borate 
buffer or in HEPES buffer prepared as 
indicated above), the reaction mix was 
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incubated for 80 min at 37 °C. The reac-
tion was terminated by the addition of 250 
µL of 1 M HCl. The resulting hippuric acid 
was extracted with 3 x 500 µL of ethyl 
acetate and centrifugated at 800 g for 15 
min. 750 µL of the upper layer was trans-
ferred into test tube and evaporated under 
air flow at 37 °C. The hippuric acid was 
dissolved in 1 mL of distilled water, and 
the absorbance was measured at 228 nm 
using UV/Vis spectrophotometer (Cintra 
303, GBC Scientific Equipment, Australia). 
The reaction blank was prepared in the 
same way indicated above, with change in 
the order in which the reagents were 
added (HCl was added before the en-
zyme). 

ACE inhibitory activity assay 

The inhibition percentages of the tomato 
extracts, Captopril and ethanol were deter-
mined using the method described above, 
replacing the 50 µL of buffer with the same 
volume of the samples dissolved at con-
centration of 1mg/mL. The sample blank 
was prepared in the same way as the 
reaction blank, replacing the volume of 
buffer by the tested sample. In order to eli-
minate the interferences in the analysis, 
ACE inhibition was calculated according to 

equation (Hernández Ledesma et al., 
2003): 

 

where A represents absorbance in the 
presence of ACE, B absorbance of the 
reaction blank, C absorbance in the pre-
sence of ACE and inhibitor, and D ab-

sorbance of the sample blank. All deter-
minations were carried out in duplicate. 

Data analysis 

Microsoft Excel was used for calculating 
means and standard deviations. Analysis 
of variance (ANOVA) and Duncan's mul-
tiple range test were used to compare 
means at 5% significance level by using 
the statistical data analysis software sys-
tem STATISTICA (StatSoft, Inc. (2011), 
version 10.0 (www.statsoft.com)). 

RESULTS AND DISCUSSION 

The results of ACE inhibitory activity assay 
are presented in Table 1 and Table 2. 
There were no statistically significant dif-
ferrrences between results obtained with 
borate and HEPES buffer. However, 
assays with borate buffer produced re-
sidues that were more easily dissolved in 
water after evaporation of ethyl acetate 
giving higher absorbance readings. Higher 
absorbance readings give greater differ-
rence between the test and the blank, 
which is important for samples with high 
interferences, such as samples used in 
this experiment. Therefore sodium borate 
buffer has been chosen as reaction me-
dium for further investigations. 

Tomato extracts dissolved in ethanol com-
pletely inhibited ACE, as well as ethanol. 
Results of ANOVA showed that there was 
no significant difference in inhibitory ac-
tivity between the extracts and ethanol. It 
was concluded that extracts dissolved in 
ethanol could not be used for this assay 
because ethanol masked compounds with 
potential inhibitory activity. 

Table 1.  
ACE inhibitory activity (%) of tomato extracts, Captopril and ethanol in sodium borate buffer medium 

Solvent 
Tomato hexane 

extract 
Tomato ethanol 

extract 
Captopril Ethanol 

Sodium borate 4.5±5.2 0.6±3.1 100.7±1.5 - 
Ethanol 103.5±1.6 102.5±5.9 103.3±3.0 102.7±3.7 

Results are given as mean ± standard deviation (n = 2). Concentrations of tomato extracts and Captopril were 1 
mg/mL. 

Table 2.  
ACE inhibitory activity (%) of tomato extracts, Captopril and ethanol in HEPES buffer medium 

Solvent 
Tomato hexane 

extract 
Tomato ethanol 

extract 
Captopril Ethanol 

HEPES 0.1±4.2 6.6±5.5 104.3±2.3 - 
Ethanol 109.8±1.2 105.0±4.5 96.7±1.8 109.5±4.5 

Results are given as mean ± standard deviation (n = 2). Concentrations of tomato extracts and Captopril were 1 
mg/mL. 
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Captopril showed similar values in all per-
formed experiments. Complete inhibition 
of ACE by Captopril in concentration of 1 
mg/mL is in concordance with results ob-
tained by other authors. Duncan et al. 
(1999) established on the basis of lite-
rature the IC50 value of 17.7 nM for 
Captopril. Therefore, concentration of Ca-
ptopril used in this assay is more than 
sufficient to completely inhibit ACE. 

CONCLUSIONS 

There were no statistically significant dif-
ferrences between results obtained by 
sodium borate buffer and HEPES buffer. 
After evaporation of ethyl acetate, enzy-
matic reaction products were more easily 
dissolved in water when borate buffer was 
used in the assay making absorbance 
readings more accurate and therefore it 
has been chosen for further experiments. 
Ethanol was not suitable for sample 
dissolution because it interfered with the 
samples and masked their inhibitory ac-
tivity, so false positive results can be ob-
tained. 
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Сажетак: Ангиотензин конвертујући ензим (ACE) је један од главних регулатора крвног 
притиска. Многи антихипертензивни лекови делују преко инхибиције овог ензима. In vitro тест 
се користи за одређивање ACE инхибиторне активности. Циљ нашег истраживања је био 
избор услова за извођење ACE инхибиторног теста. Испитани су натријум боратни и HEPES 
пуфер (4 (2 хидроксиетил) 1 пиперазинетансулфонска киселина), као и суви екстракти 
парадајза растворени у етанолу или пуферима коришћеним у тесту. Није било статистички 
значајне разлике између резултата добијених коришћењем натријум боратног и HEPES 
пуфера. Натријум боратни пуфер је изабран за даља истраживања зато што су суви  остаци 
након упаравања етил ацетата били лакше растворени у води, чинећи очитавања 
апсорбанце тачнијим. Етанол није био погодан за растварање узорака, јер је маскирао 
инхибиторну активност испитиваних узорака и дао лажне позитивне резултате. 

Кључне речи: ангиотензин конвертујући ензим, спектрофотометријски тест, 
хипертензија, хипотензивни агенси, екстракти парадајза 
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