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Water soluble cranberry–based phytochemical combinations with oregano, rosemary, and Rhodiola rosea were 
evaluated for total phenolic content, related antioxidant activity and inhibition of diabetes management– related 
� -glucosidase, pancreatic � -amylase inhibition, and hypertension - related ACE – I inhibitory activities. Water 
extracts of oregano had 114.9 mg/g DW of phenolics which was highest among all the extracts tested, whereas 
the 75% cranberry with 25% oregano combinations had the highest phenolics (38.9 mg/g DW) among all the 
combinations tested. The water extracts of oregano had the highest DPPH radical inhibition activity (73.6 %), 
whereas among combinations the 75% cranberry and 25% oregano had the highest DPPH radical inhibition 
activity (50.8 %).  These results indicated a correlation between total phenolic content and antioxidant activity. 
The water extracts of pure Rhodiola rosea had the highest � -glucosidase inhibition, whereas the 75% cranberry 
and 25% Rhodiola rosea combination had the highest inhibition among the combinations. In the case  
of�� � -amylase inhibition the water extracts of Rhodiola rosea had the highest inhibition, whereas the 75% 
cranberry with 25% Rhodiola rosea combination had the highest inhibition among the combinations. All the 
water extracts tested indicated that they had anti–ACE-I inhibitory activity.  More specifically, among the water 
extracts 100% cranberry had the highest ACE-I inhibitory activity and among the combination the 75% 
cranberry with 25% rosemary had the highest ACE–I inhibitory activity.  The analysis of � -glucosidase,  
�  - �amylase, and ACE-I inhibitory activities suggested that inhibition depend on the phenolic profile of each 
unique extract and by bringing together synergistic combinations to cranberry, health beneficial functionality 
was enhanced. This enhanced functionality in terms of high � -glucosidase and � -amylase inhibitory activities 
indicate the potential for diabetes management, and high ACE – I inhibitory activity indicates the potential for 
hypertension management. 
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Introduction 
Diabetes mellitus is a metabolic diseases characterized by 
hyperglycaemia resulting from defects in insulin secretion, 

insulin action, or both. Specifically chronic hypergly-
caemia of type 2 diabetes is associated with long-term 
damage, dysfunction and failure of various organs, espe-
cially the eyes, kidneys, nerves, heart, and blood vessels, 
and has been shown to be also linked with hypertension.1 
Hyperglycaemia is a condition characterized of high levels 
of blood glucose.  The major source of blood glucose is the 
hydrolysed dietary carbohydrates, such as starch.  The die-
tary carbohydrates are hydrolysed by pancreatic � –amylase 
with absorption aided by � –glucosidases in order to be 
absorbed by the small intestine.2 It is believed that inhi-
bition of these enzymes can be important strategies for 
management of type 2 diabetes.3  
     � –Glucosidase is an enzyme that catalyses the final step 
of glucose absorption in the intestine during the digestive 
process of carbohydrates, and hence � –glucosidase inhibi-
tors could retard the rapid utilization of dietary carbo-
hydrates and suppress postprandial hyperglycemia.4 The 
possibility of clinical use of such inhibitors for diabetic or  

 
obese patients has been attempted by acarbose, which has 
been shown to effectively reduce the intestinal absorption 
of sugars in humans.5,6  
     � –Amylase acts upon large polysaccharides (starch) at 
internal bonds.  Natural � –amylase inhibitors offer an 
attractive therapeutic approach to the treatment of post-
prandial hyperglycaemia, by ultimately decreasing glucose 
release from starch.  Recently it has been shown that phe-
nolics play a role in mediating � -amylase inhibition and 
therefore have potential to contribute to the management of 
type 2 diabetes.7  
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     A problem with using � –amylase inhibitors that are 
highly active, is the occurrence of certain side effects, 
such as abdominal distention, flatulence, meteorism and 
possibly diarrhea.  Previous reports have shown that such 
effects are possibly caused by the excessive inhibition of 
pancreatic � -amylase resulting in the abnormal bacterial 
fermentation of undigested carbohydrates in the colon.8 
Natural � -amylase and � -glucosidase inhibitors from 
plants have shown to have lower inhibitory effect against 
� -amylase activity and a stronger inhibition activity 
against � -glucosidase and therefore can be potentially 
used as effective therapy for postprandial hyperglycaemia 
with minimal side effects.9  
     High blood pressure (hypertension) is a common com-
plication of diabetes.  Recent statistical data show that hy-
pertension occurs in approximately 30% of patients with 
type 1 diabetes and from 50 to 80% of patients with type 
2 diabetes.10   Hypertension is a multifactorial process and 
the main cause of illness in industrialized countries. One 
of the most important intermediary factors for controlling 
hypertension is the action of the Angiotensin–converting 
enzyme (ACE).11 Angiotensin I converting enzyme (ACE) 
is a glycoprotein peptidylpeptide hydrolase, whose main 
known functions are to cleave histidyl–leucine from 
Angiotensin I forming the potent vasoconstrictor Angio-
tensin II, and to degrade bradykinin to inactive pep-
tides.12  Recent results indicating that certain flavonoid–
rich foods can induce reductions in blood pressure and 
inhibit ACE–I activity, both in vivo and in vitro,13 opens 
the possibility that consumption of select flavonoid rich 
foods may mimic synthetic ACE inhibitors and provide 
health benefits, but without adverse side effects.13 
     Phenolic phytochemicals are secondary metabolites of 
plant origin which constitute one of the most abundant 
groups of natural metabolites and form an important part 
of both human and animal diets.14-16 Recent studies have 
shown that phenolic phytochemicals have high anti-
oxidant activity and certain therapeutic properties.17 Cran-
berry is a traditionally and widely consumed fruit in the 
United States, containing a wide range of phenolic phyto-
chemicals, and has been historically associated with posi-
tive health benefits.18 Recent results indicate that plants 
belonging to Lamiaceae family (Mint Family), including 
oregano and rosemary, have potential for management of 
many chronic oxidation-linked diseases such as diabetes 
and CVD.19-21 Rhodiola rosea L., also known as "golden 
root" or "roseroot", belongs to the plant family Crassu-
laceae.22  Recently it has been shown that in Rhodiola 
rosea L the biologically active substances salidroside, 
rosin, rosavin, rosarin and tyrosol, which are mainly 
found in plant rhizomes, demonstrate therapeutic effect.23 
These active components affect the central nervous sys-
tem by increasing the ability to concentrate, improve 
mental and physical power and improve general resis-
tance of the cells against outside infections. They also 
prevent the circulatory system from stress and arrhy-
thmias, and posses some antioxidant activity.  Some data 
confirm that the Rhodiola rosea L. preparations stop the 
growth of the malignant tumors and metastases in the 
liver.23  
     The aim of this investigation is to determine whether 
cranberry alone compared to combinations with oregano, 

rosemary and Rhodiola rosea have anti-type 2 diabetic 
and anti-hypertension functionality and to explore the 
possibility of cranberry-based combinations to syner-
gistically enhance these health beneficial effects. 
 
Materials and Methods 
Dried cranberry powder was supplied by Decas Cranberry 
Products Inc. Dried oregano, Rhodiola rosea, and rose-
mary in powder form was supplied by Barrington Nutri-
tionals. � -Amylase (EC 3.2.1.1), � -glucosidase (EC 3.2.1. 
20) and angiotensin converting enzyme (EC 3.4.15.1) 
were purchased from Sigma Chemical Co. (St. Louis, 
MO).  Unless noted, all chemicals also were purchased 
from Sigma Chemical Co. (St. Louis, MO). 
 
Sample preparation 
1 gram of powder was dissolved in 10 ml cold water. In 
the case of combinations for investigating synergistic 
functional benefits 0.75 grams of cranberry and 0.25 
grams of the selected powder were mixed based on maxi-
mum saturation of antioxidant potential from combina-
tions.  Samples were mixed vigorously for 1 minute and 
then centrifuged two times at 10,000 x g for 10 minutes 
and the supernatant was collected. 
 
Total phenolics assay 
The total phenolics was determined by an assay modified 
from Shetty et al., (1995).24 Briefly, one millilitre of ex-
tract was transferred into a test tube and mixed with 1ml 
of 95% ethanol and 5ml of distilled water.  To each sam-
ple 0.5ml of 50% (v/v) Folin-Ciocalteu reagent was added 
and mixed.  After 5 min, 1ml of 5% Na2CO3 was added to 
the reaction mixture and allowed to stand for 60 min.  The 
absorbance was read at 725 nm. The absorbance values 
were converted to total phenolics and were expressed in 
milligrams equivalents of gallic acid per grams dry 
weight (DW) of the sample.  Standard curves were esta-
blished using various concentrations of gallic acid in 
water.  
 
Antioxidant activity by 1,1-diphenyl-2-picrylhydrazyl ra-
dical (DPPH) inhibition  assay  
To 3ml of 60 � M DPPH in ethanol, 250 � l of each extract 
was added, the decrease in absorbance was monitored at 
517 nm until a constant reading was obtained.  The rea-
dings were compared with the controls, which contained 
250 � l of water instead of the extract.  The % inhibition 
was calculated by: 
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� -Amylase inhibition assay 
Porcine pancreatic � -amylase (EC 3.2.1.1) was purchased 
from Sigma Chemical Co. 500� l of extract and 500� l of 
0.02M sodium phosphate buffer (pH 6.9 with 0.006M 
sodium chloride) containing amylase solution (0.5 mg/ml) 
were incubated at 25

o
C for 10 minutes. After pre-

incubation, 500� l of a 1% starch solution in 0.02M so-
dium phosphate buffer (pH 6.9 with 0.006 M sodium 
chloride) was added to each tube at timed intervals. The 
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reaction mixtures were then incubated at 25
o
C for 10 

minutes.  The reaction was stopped with 1.0ml of dinitro-
salicylic acid colour reagent. The test tubes were then 
incubated in a boiling water bath for 5 minutes and cooled 
to room temperature.  The reaction mixture was then di-
luted after adding 10ml distilled water and absorbance 
was measured at  540 nm.  
 

[ ] 100 inhibition  %
540

540540 x
A

AA
Control

ExtractControl

�
�
�

�
�
�
�

�
�
�

	


�

� -
=  

 
     This assay was modified compared to previous me-
thods used in the laboratory that had 24 hour incubation 
time (McCue et al., 2004),25  which in light of physico-
biological mode of starch breakdown is too long. There-
fore, we developed an assay with 10 min incubation time.   
 
� -Glucosidase inhibition assay 
� -Glucosidase assay was done by using 50� l of sample 
solution and 100� l of 0.1 M phosphate buffer (pH 6.9) 
containing � -glucosidase solution (1.0U/ml) and incu-
bated in 96 well plates at 25

o
C for 10 minutes.  After pre-

incubation, 50� l of 5mM p-nitrophenyl-� -D-glucopy-
ranoside solution in 0.1 M phosphate buffer (pH 6.9) was 
added to each well at timed intervals.  The reaction mix-
tures were incubated at 25

o
C for 5 minutes.  Before and 

after incubation, absorbance readings were recorded at 
405nm by microplate reader, Thermomax (Molecular 
device Co., Virginia, USA) and compared to a control 
which had 50 � l of buffer solution in place of the extract. 
The � -glucosidase inhibitory activity was expressed as 
inhibition % and was calculated as follows: 
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Angiotensin converting enzyme inhibition assay 
ACE inhibition was assayed by modifying a method de-
veloped by Cheung and Cushman (1973).26 The sub-
strate, hippuryl-histidyl-leucine (HHL) and angiotensin I-
converting enzyme (ACE) from rabbit lung (EC 3.4.15.1) 
was used.  Fifty microliters of extracts were incubated 
with 100� l of 1.0M NaCl-borate buffer (pH 8.3) con-
taining 2.0 mU ACE-I solution at 37

o
C for 10 minutes. 

After pre-incubation, 100� l of a 5.0 mU substrate (HHL) 
solution was added to reaction mixture. Test solutions 
were incubated at 37

o
C for 1 hour. The reaction was 

stopped with 150 � l of 0.5 N HCl.  The hippuric acid 
formed was detected and quantified by HPLC method.  
5� l of sample was injected using Agilent ALS 1100 
autosampler into an Agilent 1100 series HPLC (Agilent 
Technologies, Palo Alto, CA) equipped with DAD 1100 
diode array detector.  The solvents used for gradient were 
(A) 10 mM phosphoric acid (pH 2.5) and (B) 100% me-
thanol.  The methanol concentration was increased to 
60% for the first 8 min and to 100% for the 5 min, then 
decreased to 0% for next 5 min (total run time, 18 min). 
The analytical column used was Nucleosil 100-5C18, 
250x4.6 mm i.d., with packing material of 5 � m particle 

size at a flow rate 1ml/min at ambient temperature.  Du-
ring each run the chromatogram was recorded at 228 nm 
and integrated using Agilent Chemstation enhanced inte-
grator for detection of liberated hippuric acid. Pure hippu-
ric acid (purchased from Sigma Chemical Co., St. Louis, 
MO) was used to calibrate the standard curve and re-
tention time. The % inhibition was calculated by: 
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HPLC analysis of phenolic profiles 
Two ml of phytochemical extracts were filtered through a 
0.2 � m filter.  5 � l of sample was injected using Agilent 
ALS 1100 autosampler into Agilent 1100 series HPLC 
(Agilent Technologies, Palo Alto, CA�� equipped with 
DAD 1100 diode array detector.  The solvents used for 
gradient elution were (A) 10 mM phosphoric acid (pH 
2.5) and (B) 100% methanol. The methanol concentration 
was in-creased to 60% for the first 8 min and to 100% 
over the next 7 min, then decreased to 0% for the next 3 
min and was maintained for the next 7 min (total run 
time, 25 min). The analytical column used was Agilent 
Zorbax SB-C18, 250x4.6 mm i.d., with packing material 
of 5� m particle size at a flow rate of 1 ml/min at ambient 
temperature. During each run the chromatogram was re-
corded at 306 nm and 333 nm and integrated using Agi-
lent Chemstation enhanced integrator.  Pure standards of 
protocatechuic acid, chlorogenic acid, caffeic acid, ellagic 
acid, resveratrol and rosmarinic acid  (purchased from 
Sigma Chemical Co., St. Louis, MO) in 100% methanol 
were used to calibrate the standard curve and retention 
times. 
 
Statistical analysis 
All experiments were performed at least in triplicates. 
Analysis at every time point from each experiment was 
carried out in triplicates. Means, standard errors and 
standard deviations were calculated from replicates with 
in the experiments and analyses using Microsoft Excel 
XP. IC values were calculated using ED50plus vol.1. 
software, developed by Mario H. Vargas, MD. 
 
Results and Discussion 
Total phenolics 
The total phenolic content in water extracts was analysed 
by the Folin-Ciocalteu method.  In this study 3 different 
combinations of cranberry were used for synergy studies. 
One combination was with rosemary, which has lower 
total water soluble phenolic content than cranberry, and 
two combinations were with Rhodiola rosea and oregano, 
both of which have higher concentration of total water 
soluble phenolics than cranberry.  Water extracts of ore-
gano had 114.9 mg/g DW of phenolics which was highest 
among all the extracts tested, whereas combination of 
75% cranberry with 25% oregano had the highest phe-
nolics (38.9 mg/g DW) among all the combinations tested 
(Fig. 1).  The results in Figure 1 show that there is a sy-
nergistic effect from combinations on the total water solu-
ble phenolic content of the extracts. 
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Antioxidant activity by DPPH assay 
The antioxidant activity on weight basis (1 gram) of ex-
tracts and synergistic enhancement from combinations 
were monitored using the DPPH radical inhibition (DRI) 
assay.  The water extracts of oregano had the highest 
DPPH radical inhibition activity (73.6%), whereas among 
the combinations, 75% cranberry with 25% oregano had 
the highest DPPH radical inhibition activity (50.8%) (Fig. 
1).  These results indicate that there is a synergistic effect 
on the DPPH radical inhibition activity from cranberry 
with various phytochemical combinations.  Further, there 
is a correlation between antioxidant activity with the total 
water soluble phenolic content (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
� -Glucosidase and � -Amylase Inhibition 
The analysis of � -glucosidase and � -amylase inhibition 
were undertaken to investigate the type 2 diabetes ma-
nagement potential of cranberry based combinations.  The 
� -glucosidase and � -amylase inhibitory activities were 
measured in three different total phenolic contents of the 
extracts and their combinations.  � -Glucosidase activity 
was measured at 50, 100, and 200 mg/ml samples and 
inhibition was observed at all concentrations (Fig. 2).  
The water extracts of Rhodiola rosea had the highest 
inhibition, whereas the 75% cranberry with 25% Rhodiola 
rosea had the highest inhibition among the combinations. 
There is a clear synergistic effect with all the cranberry-
based combinations.  
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Figure 1. Summarized results of Total Phenolic concentration and DPPH scavenging activity. 
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Figure 2. � – Glucosidase inhibition at three different total phenolic contents. 
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      � -Amylase activity was measured at 50, 100 and 200 
mg/ml samples and inhibition was observed at all con-
centrations (Fig. 3).  Water extracts of Rhodiola rosea had 
the highest inhibition, whereas the combination of 75% 
cranberry with 25% Rhodiola rosea had the highest inhi-
bition among the combinations (Fig. 3).  In order to com-
pare the two enzyme inhibitory activities, we introduced 
the concepts of IC 80 for the strong inhibitors (phenolic 
content needed for 80% inhibition), IC 50 for the mild 
inhibitors (phenolic content needed for 50% inhibition), 
and IC 20 for the weak inhibitors  (phenolic content 
needed for 20% inhibition) (Tables 1 & 2).  The results 
indicate that the cranberry with Rhodiola rosea com-
binations had the highest � -glucosidase and � -��amylase 
inhibitory activities. 
 
ACE I Inhibition  
Hypertension is a common complication of diabetes.10 
Control of hypertension via modulation of angiotensin I-
converting enzyme (ACE –I) by dietary agents  could  be 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
an important strategy to manage this risk factor.12  In this 
investigation the ability of cranberry-based combinations 
to inhibit ACE–I at three different total phenolic contents 
(100, 200, and 500 � g/ ml) was undertaken.  The results 
indicated that all the water extracts had ACE- I inhibitory 
activity.  More specifically, the water extracts of pure 
cranberry had the highest ACE-I inhibitory activity and 
among the combinations 75% cranberry with 25% rose-
mary had the highest ACE – I inhibitory activity (Fig. 4). 
 
HPLC analysis of phenolic profiles 
The HPLC phenolic analysis showed that in cranberry 
alone (Fig. 5, 6) chlorogenic and ellagic acid were signi-
ficant, and they could be important for ACE-I inhibitory 
activity, and to some extend to � -glucosidase and � -
amylase inhibition.  Cranberry with oregano combinations 
had higher rosmarinic acid (Fig. 5), which also likely con-
tributed to the high antioxidant activity and total phenolic 
content.  More likely rosmarinic acid contributed to the 
ACE–I  as   well  as   to   � -glucosidase   and     � -amylase   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. IC80, IC50, and IC20 values for strong, mild 
and weak (respectively) �  - glucosidase inhibitors. 
 

Samples 
IC80 
� g/ml 

IC50 
� g/ml 

IC20  
� g/ml 

100% RH 93     

75% CRA + 25% RH 116   

100% CRA  90  

75% CRA + 25% ROS  106  

75% CRA + 25% ORE   68 

100% ROS   81 

100% ORE     105 
 

Table 2. IC80, IC50, and IC20 values for strong, mild, and 
weak (respectively) �  -amylase inhibitors. 
 

Samples 
IC80 
� g/ml 

IC50 
� g/ml 

IC20  
� g/ml 

100% RH 100     

75% CRA + 25% RH 104   

100% CRA  110  

75% CRA + 25% ROS  164  

75% CRA + 25% ORE   142 

100% ORE   164 

100% ROS     198 
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Figure 3.  � -Amylase inhibition at different total phenolic  contents 
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inhibitory activities observed with cranberry and oregano 
combinations.  However, these inhibitory activities were 
less when compared to cranberry alone.  Rosmarinic acid 
therefore had less effect on ACE – I, � -glucosidase and  
� -amylase activities than cranberry alone or cranberry 
combinations with Rhodiola rosea.  Rosemary combina-
tions with cranberry had less phenolics than other combi-
nations and this reflected in the reduced functionality re-
sponses (data not shown). 
     Cranberry and Rhodiola rosea combinations had 
slightly higher total phenolic content than cranberry alone 
and had very significant � -glucosidase and � -amylase in-
hibitory activities, but similar ACE – I inhibitory activity.  
Therefore, � -glucosidase and � -amylase inhibitory acti-
vities are linked to the increased phenolics from Rhodiola 
rosea, and particular tyrosol (Fig. 6). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusions and implications 
Diabetes mellitus is an emerging health concern in many 
parts of the world.  For example, recent statistics indicate 
that from 1980 through 2003 in USA alone the diabetes 
patients more than doubled (from 5.8 million to 13.8 
million).27 More specifically, people aged 65 years or 
older account for almost 40% of the population with dia-
betes.27 This research shows the positive potential of cran-
berry and cranberry – based phytochemical synergies for 
type 2 diabetes and hypertension management. 
     Initial studies indicated that antioxidant activity and  
water soluble phenolic content of cranberry and 
cranberry-based combinations were correlated.  The most 
effective combination for increased antioxidant activity 
was 75% cranberry with 25% oregano, while 100%  
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                             Figure 4.

Figure 5. Phenolic profile of cranberry and oregano combination 

Figure 4. ACE I inhibition at different total phenolic contents 
 



     Potential of cranberry-based  herbal  synergies for diabetes and hypertension management              439  
 

 
 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
oregano had the highest antioxidant activity of all 
samples.  These findings support previous investigations 
indicating that phenolic phytochemicals with antioxidant 
properties have additional health beneficial properties.19 
     In the case of � -amylase and � -glucosidase inhibitory 
activities the most effective combination was 75% cran-
berry with 25% Rhodiola rosea, indicating synergistic 
enhancement of functionality.  Although pure cranberry 
appeared to be a mild inhibitor (Tables 1,2) the com-
bination with Rhodiola rosea had a strong synergistic 
inhibition (Tables 1,2).  It is also important to emphasize 
that all the extracts and their combinations had higher � -
glucosidase inhibitory activity and lower � -amylase inhi-
bitory activity.  However the exception was cranberry 
combination with Rhodiola rosea, where the effect was 
reversed with a slightly higher � -amylase inhibitory than 
� -glucosidase inhibitory activity.  This is potentially an 
important finding to reduce the side effects of excessive 
high � -amylase inhibition of drug treatments.8  It is also 
an important finding that all Rhodiola rosea extracts 
appeared to be potentially more effective for type 2 dia-
betes management, since all the Rhodiola rosea treat-
ments, in combinations and alone, gave the highest � -
amylase and � -glucosidase inhibitory activities.  In the 
case of ACE-I inhibition, 75% cranberry with 25% rose-
mary combination and 100% cranberry had the highest 
inhibitory activities.  
     Finally, the results indicate that all the inhibitory acti-
vities increased as we increased the phenolic dose, indi-
cating dose dependence of water soluble phenolics for po-
tential type 2 diabetes and hypertension management. 
Phenolics have been shown to have antioxidant and 
antimicrobial activities19,28 and this investigation indicates 
that properly optimized phenolic diets could be an im-
portant strategy for type 2 diabetes and hypertension 
management. 
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Figure 6. Phenolic profile of cranberry and Rhodiola rosea combination. 
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