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Evaluation of Rhodiola crenulata and Rhodiola rosea for 
management of Type II diabetes and hypertension  
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In the current study, we investigated 2 species of the genus Rhodiola for the inhibition of � -amylase,  
� -glucosidase and angiotensin converting enzyme (ACE) inhibitory activity. Water extracts of Rhodiola 
crenulata had the highest � -amylase inhibitory activity (IC50, 98.1 � g total phenolic/ml) followed by ethanol 
extract of R.crenulata (IC50, 120.9 � g total phenolic/ml) and ethanol extract of R.rosea (IC50, 173.4 � g total 
phenolic/ml). Ethanol R.rosea (IC50, 44.7 � g total phenolic/ml), water extract of R.rosea (IC50, 52.3 � g total 
phenolic/ml), water extract of R.crenulata (IC50, 60.3 � g total phenolic/ml) and ethanol extract of R.crenulata 
(IC50, 60.2 � g total phenolic/ml) also showed significant � -glucosidase inhibitory activity. The � -glucosidase 
inhibitory activity of the extracts was compared to standard tyrosol, which was significantly detected in the 
extracts using HPLC. Tyrosol had strong � -glucosidase inhibitory activity (IC50, 70.8 � g total phenolic/ml) but 
did not have any inhibitory effect on the � -amylase activity. Results suggested that � -glucosidase inhibitory 
activities of both Rhodiola extracts correlated to the phenolic content, antioxidant activity and phenolic profile 
of the extracts. The ability of the above Rhodiola extracts to inhibit rabbit lung angiotensin I-converting 
enzyme (ACE) was investigated. The ethanol extracts of R.rosea had the highest ACE inhibitory activity (38.5 
%) followed by water extract of R.rosea (36.2 %) and R.crenulata (15.4 %). 
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Introduction 
Carbohydrates are the major constituents of the human diet 
and mono-, di- and polysaccharides are major components 
of carbohydrates that mainly play a role in the energy 
supply. However, the relatively less frequently used mono-
saccharides from the diet (glucose and fructose) can be 
absorbed following hydrolysis and mobilization from poly-
saccharides and are readily taken up in the small intestine.1 

     Therefore, the components of dietary carbohydrates 
should be broken down to monosaccharides by the � -
glucosidases such as sucrase, maltase, glucoamylase, dex-
trinase and the pancreatic � -amylase before they can be 
absorbed.  This enzymatic process usually takes place 
rapidly in the upper part of the small intestine. 
     It is now believed that inhibition of these enzymes in-
volved in the digestion of carbohydrates can significantly 
decrease the postprandial increase of blood glucose level 
after a mixed carbohydrate diet and therefore can be an 
important strategy in the management of postprandial 
blood glucose level linked to type II diabetes.2  Several  
� -glucosidase inhibitors such as acarbose3, trestatin4, amy-
lostatin5 and valiolamine6 have been isolated from micro-
organisms.  A main drawback of using drugs such as acar-
bose is the side effects such as abdominal distention, fla-
tulence, meteorism and possibly diarrhea.5,6 It has been 
suggested that such adverse effects might be caused by the 
excessive inhibition of pancreatic � -amylase resulting in 

the abnormal bacterial fermentation of undigested carbo-
hydrates in the colon.2, 7  
     Natural inhibitors from plants have shown to have a 
lower inhibitory effect against � -amylase activity and a 
stronger inhibition activity against � -glucosidase2. Such 
plant-based extracts can be targeted for effective therapy 
for postprandial hyperglycemia with minimal side effects.2 
Therefore natural � -amylase and � -glucosidase inhibitors 
from food-grade plant sources offer an attractive strategy 
for the  control of post-prandial hyperglycemia.   
     One of the long-term complications of diabetes is hy-
pertension, or high blood pressure. Angiotensin I-
Converting Enzyme (ACE) is an important enzyme in-
volved in maintaining vascular tension. Inhibition of 
Angiotensin I-Converting Enzyme (ACE) is considered a 
useful therapeutic approach in the treatment of high blood 
pressure in both diabetic and non-diabetic patients.8, 9 
     Anti-hypertensive drugs have been isolated from a num-
ber of plant species.10 It is now believed that screening 
plant extracts for inhibition of ACE is potentially an effec-
tive method to develop new anti-hypertensive agents.11 
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     Rhodiola species, also known as “golden root” belongs 
to the plant family Crassulaceae.12 Rhodiola species 
grows primarily in dry sandy soils at high altitudes in the 
Arctic and mountain areas of Asia and Europe.13 Although 
food-grade Rhodiola species have been extensively stu-
died as an adaptogen with various health-promoting 
effects,  its properties remain largely unknown in the west. 
Traditional folk medicine in the Arctic and Himalayan 
areas used Rhodiola species as salads to increase physical 
endurance, longevity, resistance to high altitude sickness 
and to treat fatigue, depression, anemia, impotence, 
gastrointestinal ailments and infections.14 Studies in cell 
cultures, animals and humans have revealed antifatigue13, 
anti-stress, antihypoxic protection against the damaging 
effects of oxygen deprivation, anticancer, antioxidant, and 
immune enhancing effects.14  Rhodiola species increased 
essential energy metabolites, adenosine triphosphate 
(ATP), and creatine phosphate in the muscle and brain 
mitochondria in mice made to swim to their limit15. There 
are numerous chemical components of the Rhodiola ex-
tracts that may be responsible for these beneficial health 
properties, but salidroside and its aglycone form, tyrosol, 
are considered the more important constituents in 
Rhodiola rosea and Rhodiola crenulata.   
     The major objectives of this investigation are to deter-
mine how dietary phytochemicals can be used as chemo-
preventive or therapeutic agents in the treatment of dia-
betes and hypertension.  In this study Rhodiola extracts 
were found to inhibit the carbohydrate hydrolyzing en-
zymes, � -amylase and � -glucosidase and to also inhibit 
the angiotensin I converting enzyme in vitro.    
 
Materials and Methods 
Rhodiola rosea and Rhodiola crenulata were supplied by 
Barington Nutritionals (Harrison, NY). � -amylase (EC 
3.2.1.1), � -glucosidase (EC 3.2.1.20), angiotensin con-
verting enzyme (EC 3.4.15.1) and Tyrosol standard were 
purchased from Sigma Chemical Co. (St. Louis, MO). 
Unless noted, all chemicals also were purchased from 
Sigma Chemical Co. (St. Louis, MO). 
 
Sample extraction 
Water extracts:  
A total of 1g of dried Rhodiola powders were added to 10 
ml of distilled water and stirred for half an hour. The 
extract was then filtered through a Whatman # 2 filter and 
centrifuged at 10,000 x g for 10 min. 
 
Ethanol extracts [12%]:  
A total of 1g of dried Rhodiola powder were stirred in 10 
ml of 12% concentration of ethanol at 40 oC for 2 hrs and 
cooled. The extract was then filtered through a Whatman 
# 2 filter and centrifuged at 10,000 x g for 10 min. 
 
Total phenolics assay 
The total phenolics was determined by an assay modified 
from Shetty et al., (1995)16 Briefly, one millilitre of 
extract was transferred into a test tube and mixed with 
1ml of 95% ethanol and 5 ml of distilled water. To each 
sample 0.5 ml of 50% (v/v) Folin-Ciocalteu reagent was 
added and mixed. After 5 min, 1 ml of 5% Na2CO3 was 
added to the reaction mixture and allowed to stand for 60 

min.  The absorbance was read at 725 nm. The absor-
bance values were converted to total phenolics and were 
expressed in milligram equivalents of gallic acid per 
grams dry weight (DW) of the sample. Standard curves 
were established using various concentrations of gallic 
acid in 95% ethanol.  
 
Antioxidant activity by 1, 1-diphenyl-2-picrylhydrazyl 
radical (DPPH) inhibition  assay  
To 3 ml of 60 � M DPPH in ethanol, 250 � l of each ex-
tract was added, the decrease in absorbance was moni-
tored at 517 nm until a constant reading was obtained.  
The readings were compared with the controls, which 
contained 250 � l of 95% ethanol 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. A total of 500� l of extract and 
500 � l of 0.02 M sodium phosphate buffer (pH 6.9 with 
0.006 � M 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 0.02 M 
sodium phosphate buffer (pH 6.9 with 0.006 M sodium 
chloride) was added to each tube at timed intervals. The 
reaction mixtures were then incubated at 25

o
C for 10 

minutes. The reaction was stopped with 1.0 ml 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 
diluted after adding 10ml distilled water and absorbance 
was measured at 540 nm.  
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     The IC50 of � -amylase inhibitory activity was defined as 
the amount of soluble phenolics that inhibits absorbance 
at 540 nm to 50 % of the maximum. 
 
� -Glucosidase inhibition assay 
� -Glucosidase (EC 3.2.1.20) was purchased from Sigma 
Chemical Co. 50 � l of sample solution and 100 � l of 0.1 
M phosphate buffer (pH 6.9) containing � -glucosidase 
solution (1.0 U/ml) were incubated in 96 well plates at 
25

o
C for 10 minutes. After pre-incubation, 50 � l of 5 mM 

p-nitrophenyl-� -D-glucopyranoside solution in 0.1 M 
phosphate buffer (pH 6.9) was added to each well at 
timed intervals.  The reaction mixtures were incubated at 
25

o
C for 5 minutes. Before and after incubation, absor-

bance readings were recorded in a micro-array reader 
(Thermomax, Molecular device Co., Virginia, USA) at 
405 nm 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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     IC50 of � -glucosidase inhibitory activity was defined as 
the amount of soluble phenolics that inhibits absorbance 
at 405nm to 50% of the maximum. 
 
Angiotensin Converting Enzyme Inhibition Assay 
ACE inhibition was assayed by a method modified by 
Kwon et al., (2006).17  The substrate, hippuryl-histidyl-
leucine (HHL) and angiotensin I-converting enzyme 
(ACE) from rabbit lung (EC 3.4.15.1) were purchased 
from Sigma Chemical Co.. Fifty microliters of extracts 
were incubated with 100 � l of 1.0 M NaCl-borate buffer 
(pH 8.3) containing 2.0 mU ACE-I solution at 37 

o
C for 

10 minutes. After pre-incubation, 100 � l of a 5.0 mM sub-
strate (HHL) solution was added to the 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 the 
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% methanol. 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 tempera-
ture.  During each run the chromatogram was recorded at 
228nm and integrated using Agilent Chemstation en-
hanced integrator for detection of liberated hippuric acid.  
Pure hippuric acid (purchased from Sigma Chemical Co., 
St. Louis, MO) was used to calibrate the standard curve 
and retention time.  
 
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

The % inhibition was calculated by: 
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HPLC Analysis  
Tyrosol 
Quantitative determination of tyrosol was assayed by mo-
difying a method developed by Pham et al.(2000).18  Two 
ml of dried Rhodiola 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 solvent used for elution was 6.5 
% methanol.  The analytical column used was Nucleosil 
C18, 250x4.6 mm i.d., with packing material of 5� m 
particle size at a flow rate of 1 ml/min at ambient tem-
perature.  During each run the chromatogram was re-
corded at 225 nm and integrated using Agilent Chem-
station enhanced integrator. Pure standard of tyrosol 
(purchased from Sigma Chemical Co., St. Louis, MO) in 
70% ethanol was used to calibrate the standard curve and 
retention times.  
 
Phenolic phytochemicals: 
Two ml of extracts were filtered through a 0.2 � m filter.  
5 � l of sample was injected using Agilent ALS 1100 auto-
sampler into Agilent 1100 series HPLC (Agilent Techno-
logies, 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% me-
thanol.  The methanol concentration was increased 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 main-
tained 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  
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Figure 1.  Total soluble phenolics (mg/g dw) and DPPH (%) scavenging activity of water and 12% ethanol extracts of Rhodiola 
species ( R.crenulata-W; water extract of Rhodiola crenulata, R.crenulata-E; 12 % ethanol extract of Rhodiola crenulata, R.rosea-W; 
water extract of Rhodiola rosea, R.rosea-E; 12 % ethanol extract of Rhodiola rosea). 
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size at a flow rate of 1 ml/min at ambient temperature. 
During each run the chromatogram was recorded at 306 
nm and 333 nm and integrated using Agilent Chemstation 
enhanced integrator.  Pure standards of gallic acid and 
Coumaric 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 duplicates.  
Analysis at every time point from each experiment was 
carried out in duplicates or triplicates. Means, standard 
errors and standard deviations were calculated from repli-
cates within the experiments and analyses using Microsoft 
Excel XP. 
 
Total phenolics and HPLC analysis of extract 
The total phenolic content in water extracts and the etha-
nol extracts was analyzed by the Folin-Ciocalteu method. 
Ethanol extracts of R.crenulata had 132.0 mg/g dw of 
phenolics which was highest among all the extracts tested 
(Fig. 1). Water extract of R.crenulata had 121.9 mg/g dw 
of soluble phenolics (Fig. 1).  Ethanol  and  water extracts  
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

of R.rosea had 111.7 mg/g dw and 76.4 mg/g dw of so-
luble phenolics, respectively (Fig. 1).  
    Three major phenolics were identified in the extracts 
using HPLC and these were; gallic acid, coumaric acid 
and tyrosol (Table 1).  In general, ethanol extracts had a 
slightly higher content of these phenolics than the water 
extracts.  In both the water and ethanol extracts of  
R.crenulata, gallic acid was found to be a major phenolic. 
Ethanol extract of R.rosea had higher content of tyrosol 
than water extract.  Water extracts of R.crenulata had 
high concentrations of gallic acid (10.72 mg/g dw), cou-
maric acid (0.59 mg/g dw) and tyrosol (1.47 mg/g dw) 
(Table 1).  Water extracts of R.rosea had a lower gallic 
acid content (2.64 mg/g dw) compared to R.crenulata but 
a higher one than its ethanol extracts (1.66 mg/g dw). The 
phenolic phytochemical found at the next highest con-
centration was tyrosol.  Figure 2 shows the chromato-
grams of standard of tyrosol and sample with the mobile 
phase 6.5% methanol in water.  The peak of tyrosol from 
the standard mixture and extracts were identified by re-
tention time and spectrum.  In R.rosea extracts, tyrosol 
was found at levels of 2.19 mg/g dw in water extracts and 
2.78 mg/g dw in ethanol extracts.  Ethanol extracts of 
R.crenulata also had a high tyrosol content (2.07 mg/g 
dw) compared to 1.47 mg/g dw in water extracts.  Other 
phenolics such as coumaric acid was generally found in 
lower concentrations in the water extracts than the ethanol 
extracts (Table 1). 
 
Antioxidant activity by DPPH  
The antioxidant activity of the extracts was monitored 
using the DPPH radical inhibition (DRI) assay. The 
ability of phenolics to inhibit the DPPH radical formation 
was measured both in water and ethanol extracts.  The 
ethanol extracts of R.crenulata had the highest DPPH 
radical inhibition activity (90.7%) followed by ethanol 
extract  of  R.rosea (84.6%),  water  extract of R.crenulata  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Rhodiola crenulata Rhodiola rosea 
Phenolics  
(mg/g dw) Water  

ext. 

12% 
Ethanol 

ext. 
Water ext. 

12% 
Ethanol 

ext. 
Tyrosol 
Coumaric  
Gallic aid 

1.47±0.06 
0.59±0.02 
10.72±0.10 

2.07±0.08 
0.33±0.01 
6.17±0.31 

2.19±0.04 
0.14±0.01 
2.64±0.03 

2.78±0.09 
0.10±0.01 
1.66±0.07 

Total  12.78 8.57 4.97 4.54 

 
 

Table 1.  Individual phenolic compounds analyzed by 
HPLC in water and 12 % ethanol extracts of Rhodiola 
species 
 

(a)             

                                             
(b)                                                                                                                                    1 

                 
 
Figure 2.  Chromatograms of Rhodiola extract (a) and a tyrosol standard (b). Stationary phase; Nucleosil C18 
(25cmX4.6mm), mobile phase; 6.5 % methanol in water, flow rate; 1.0 ml/min, detection; UV 225nm. Peak: 1. Tyrosol.  
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Figure 4.   Dose dependent changes in� � -Amylase inhibitory activities of 12 % ethanol extracts of Rhodiola 
 crenulata and Rhodiola rosea (� g/ml total phenolics ). 
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Figure 3. Dose dependent changes in  � -�Amylase inhibitory activities of water extracts of Rhodiola crenulata  
and Rhodiola rosea (� g/ml total phenolics). 
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    Figure 5  �   Dose dependent changes in� � -glucosidase inhibitory activities of water extracts of Rhodiola  
    crenulata and Rhodiola rosea (� g/ml total phenolics). 
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(81.7%) and R.rosea (77.2%) (Fig. 1). The results indi-
cated that the DPPH scavenging activity of all extracts 
was proportional to the total soluble phenolic content in 
them (Fig. 1). This result is different compared to clonal  
lemon balm which showed high DPPH scavenging acti-
vity with low total phenolic content.17 This could be due 
to the type and quality of phenolics that varied among 
species.17 
 
Amylase/Glucosidase Inhibition 
Previous research with water and ethanol extracts of clo-
nal herbs of Lamiaceae family reported an association 
between antioxidant activity and � -amylase and � -
glucosidase inhibition activity.17 Therefore, the � -gluco-
sidase and � -amylase inhibitory activies with R.crenulata 
and R.rosea were compared (Fig. 3-6).  The IC50 of the 
Rhodiola extracts on the � -glucosidase and � -amylase 
inhibitory activity was measured for dose dependency 
using different amount of phenolics (� g/ml). Water ex-
tracts of Rhodiola crenulata had the highest � -amylase 
inhibitory activity (IC50, 98.1 � g total phenolic/ml) 
followed by ethanol extract of R crenulata (IC50,173.4 � g 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

120.9 � g total phenolic/ml) and ethanol extract of R.rosea  
 total phenolic/ml). The � -glucosidase inhibitory activity 
of water and ethanol extracts was directly proportional to 
the concentration of the tyrosol (Table 1). Ethanol extract 
of R.rosea (IC50, 44.7 � g total phenolic/ ml), water extract 
of R.rosea (IC50, 52.3 � g total phenolic/ ml), water extract 
of R.crenulata (IC50, 60.3 � g total phenolic/ml) and etha-
nol extract of R.crenulata (IC50, 60.2 � g total phenolic/ 
ml) also showed significant � -glucosidase inhibitory acti-
vity.  The � -glucosidase inhibitory activity of the extracts 
was compared to standard tyrosol detected in the extracts 
using HPLC. 
     Tyrosol had strong � -glucosidase inhibitory activity 
(IC50, 70.8� g total phenolic/ml).  This suggested that the 
content of tyrosol was critical for high � -glucosidase inhi-
bitory activity and was likely enhanced during the re-
adjustment of phenolic content (� g total phenolic/ml) for 
dose dependency studies.  The � -glucosidase inhibitory 
activity of the ethanol extracts also correlated with tyrosol 
content (Fig.5,6). These results suggest that phenolic 
compounds of Rhodiola extracts and in particular tyrosol 
play a role in the inhibition of � � -glucosidase activity.  
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              Figure 6.   � Dose dependent changes in� � -Glucosidase inhibitory activities of 12 % ethanol extracts of  
              Rhodiola crenulata and Rhodiola rosea (� g/ml total phenolics). 
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            Figure 7.   Dose dependent changes in� � -Glucosidase inhibitory activities of tyrosol standard. 
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     Based on the results above, Rhodiola species which 
have a high content of tyrosol could be used for the 
management of glycemic response in patients with Type 
II diabetes. This strategy would likely have lower abdo-
minal side effects arising from excessive inhibition of 
pancreatic � -amylase, which would result in the abnormal 
bacterial fermentation of undigested carbohydrates in the 
colon. 
 
ACE Inhibition 
Hypertension which is a risk factor for many cardio-
vascular diseases is also associated with long term dia-
betes. Control of hypertension via modulation of angio-
tensin I-converting enzyme (ACE) by dietary anti-
hypertensive agents is potentially an important strategy to 
manage this risk factor.  In this study the ability of the 
Rhodiola extracts to inhibit the activity of rabbit lung 
ACE was investigated.  
     Among the sample extracts, ethanol extract of R.rosea 
had the highest ACE inhibitory activity (38.5%), followed 
by water extract of R.rosea (36.2 %), water extract of 
R.crenulata (15.4%) and ethanol extract of R.crenulata 
(11.2%) (Fig. 8). ACE inhibitory activity of the extracts 
did not correlate well with the total soluble phenolic con-
tent, antioxidant activity or the concentration of indi-
vidual phenolics in the extracts such as tyrosol  (Fig. 8).  
     This was especially true for R.rosea extracts which 
had high ACE-inhibitory activity but did not correlate 
with antioxidant activity and total soluble phenolic con-
tent.  Within the same Rhodiola species, different extracts 
had different activities. The lack of correlation of the 
ACE inhibitory activity of the samples with phenolic con-
tent in this assay may suggest these differences could po-
tentially be due to phenolics that were not detected by 
HPLC or by non phenolic compounds such as small 
soluble peptides which may be an important factor in 
contributing to the total ACE inhibitory activity.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Conclusion 
The major phenolic components of the Rhodiola species: 
tyrosol, had strong � -glucosidase (EC 3.2.1.20) inhibitory 
activity.  In general Rhodiola species has good inhibitory 
profile on carbohydrate degrading enzyme such as � -
glucosidase related to carbohydrate digestion. Water and 
ethanol extracts from Rhodiola species had less inhibitory 
effect against � -amylase than � -glucosidase.  Strong inhi-
bition of � -glucosidase could be potentially used as 
effective therapy for postprandial hyperglycemia linked to 
Type II diabetes.  This approach has potentially less side-
effects such as abdominal distention, flatulence, meteo-
rism and possibly diarrhea caused by the excessive inhi-
bition of pancreatic � -amylase, which results in the abnor-
mal bacterial fermentation of undigested carbohydrates in 
the colon.  Among all the extracts, ethanol and water 
extracts from R.rosea showed strong ACE-inhibitory 
activity. Control of hypertension via modu-lation of 
angiotensin I-converting enzyme (ACE) (EC 3.4.15.1) by 
dietary anti-hypertensive agents could be an important 
strategy to manage hypertension which is a risk factor for 
CVD and often results from long-term diabetes mellitus.  
Based on these results ethanol and water extracts of 
R.rosea have the potential for the development of an 
effective dietary or supplement strategy for post-prandial 
hyperglycemia and hypertension linked to diabetes melli-
tus and associated cardiovascular diseases. 
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