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Evaluation of Rhodiola crenulataand Rhodiola rosedor
management of Type Il diabetes and hypertension
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In the current study, we investigated 2 specieshef genusRhodiola for the inhibition of -amylase,

-glucosidase and angiotensin converting enzyme (AABjbitory activity. Water extracts oRhodiola
crenulatahad the highest-amylase inhibitory activity (16, 98.1 g total phenolic/ml) followed by ethanol
extract ofR.crenulata(ICsy, 120.9 g total phenolic/ml) and ethanol extractRfrosea(ICso, 173.4 g total
phenolic/ml). EthanoR.rosea(ICso, 44.7 g total phenolic/ml), water extract &.rosea(ICso, 52.3 ¢ total
phenolic/ml), water extract d®.crenulata(lCso, 60.3 g total phenolic/ml) and ethanol extractRfcrenulata
(ICsq, 60.2 g total phenolic/ml) also showed significanglucosidase inhibitory activity. The-glucosidase
inhibitory activity of the extracts was comparedstandard tyrosol, which was significantly deteciiedhe
extracts using HPLC. Tyrosol had stronglucosidase inhibitory activity (l§g, 70.8 g total phenolic/ml) but
did not have any inhibitory effect on theamylase activity. Results suggested thaflucosidase inhibitory
activities of bothRhodiolaextracts correlated to the phenolic content, aitant activity and phenolic profile
of the extracts. The ability of the abo®hodiola extracts to inhibit rabbit lung angiotensin I-cening
enzyme (ACE) was investigated. The ethanol extrafcB.roseahad the highest ACE inhibitory activity (38.5
%) followed by water extract d.rosea(36.2 %) andR.crenulata(15.4 %).

Key Words: Rhodiolg tyrosol, salidroside, antioxidants, amylase, glusidase, angiotensin converting enzyme, enzyme
inhibitors, type 2 diabetes, hypertension.

Introduction the abnormal bacterial fermentation of undigestatba-
Carbohydrates are the major constituents of theanudiet hydrates in the coloh.
and mono-, di- and polysaccharides are major coeptsn Natural inhibitors from plants have shown tavé a
of carbohydrates that mainly play a role in thergpe lower inhibitory effect against-amylase activity and a
supply. However, the relatively less frequentlydisgono- stronger inhibition activity against-glucosidase Such
saccharides from the diet (glucose and fructose) lwa plant-based extracts can be targeted for effedtieeapy
absorbed following hydrolysis and mobilization frgraly-  for postprandial hyperglycemia with minimal siddeets?
saccharides and are readily taken up in the smtaline®  Therefore natural -amylase and -glucosidase inhibitors
Therefore, the components of dietary carbadgdr from food-grade plant sources offer an attractitrategy
should be broken down to monosaccharides by the for the control of post-prandial hyperglycemia.
glucosidases such as sucrase, maltase, glucoamgiase One of the long-term complications of diabetesy-
trinase and the pancreaticamylase before they can bepertension, or high blood pressure. Angiotensin I-
absorbed. This enzymatic process usually takesepla&Converting Enzyme (ACE) is an important enzyme in-
rapidly in the upper part of the small intestine. volved in maintaining vascular tension. Inhibitioof
It is now believed that inhibition of thesezgmes in- Angiotensin I-Converting Enzyme (ACE) is considered a
volved in the digestion of carbohydrates can sigaiftly useful therapeutic approach in the treatment offi higpod
decrease the postprandial increase of blood glutnsd pressure in both diabetic and non-diabetic patiefts
after a mixed carbohydrate diet and therefore carat Anti-hypertensive drugs have been isolatethfeonum-
important strategy in the management of postprandizer of plant specie¥. It is now believed that screening
blood glucose level linked to type Il diabefeSeveral plant extracts for inhibition of ACE is potentiatn effec-
-glucosidase inhibitors such as acarBpsestatiff, amy- tive method to develop new anti-hypertensive agénts
lostatir’ and valiolamin& have been isolated from micro-
organisms. A main drawback of using drugs suchcas- Correspondence addressK Shetty, Laboratory of Food Tech-
bose is the side effects such as abdominal distentia- nology, Department of Food Science, University obsga-
tulence, meteorism and possibly diarrfi@dt has been chusetts, Amherst, MA 01003, USA
suggested that such adverse effects might be cénystbse  Tel: + 1-413-545 1022; Fax: + 1-413-545-1262
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Rhodiolaspecies, also known as “golden root” belongsmin. The absorbance was read at 725 nm. The absor-
to the plant family CrassulacefeRhodiola species bance values were converted to total phenolicsvesre
grows primarily in dry sandy soils at high altitsdia the  expressed in milligram equivalents of gallic acidr p
Arctic and mountain areas of Asia and Eurbpithough  grams dry weight (DW) of the sample. Standard csirve
food-gradeRhodiola species have been extensively stu-were established using various concentrations dfcga
died as an adaptogen with various health-promotingcid in 95% ethanol.
effects, its properties remain largely unknowrhia west.

Traditional folk medicine in the Arctic and Himalaya Antioxidant activity by 1, 1-diphenyl-2-picrylhydydz
areas usefhodiolaspecies as salads to increase physicaladical (DPPH) inhibition assay

endurance, longevity, resistance to high altituidkness To 3 ml of 60 M DPPH in ethanol, 2501 of each ex-
and to treat fatigue, depression, anemia, impotencéract was added, the decrease in absorbance was mon
gastrointestinal ailments and infectidfisStudies in cell tored at 517 nm until a constant reading was obthin
cultures, animals and humans have revealed agtifdfi ~ The readings were compared with the controls, which
anti-stress, antihypoxic protection against the algimg  contained 250 | of 95% ethanol instead of the extract.
effects of oxygen deprivation, anticancer, antiarigland  The % inhibition was calculated by:

immune enhancing effect$.Rhodiola species increased

essential energy metabolites, adenosine triphosphat Control _ A Extract

(ATP), and creatine phosphate in the muscle anith bra % jnhibition = 17, 7 x100
. .. . . . .15 Control

mitochondria in mice made to swim to their lititThere l 17 J

are numerous chemical components of Rimdiola ex-
tracts that may be responsible for these benefimalth -Amylase inhibition assay

properties, but salidroside and its aglycone faymosol,  porcine pancreatic-amylase (EC 3.2.1.1) was purchased
are considered the more important constituents ifom Sigma Chemical Co. A total of 5000f extract and
Rhodiola rose@ndRhodiola crenulata 500 | of 0.02 M sodium phosphate buffer (pH 6.9 with
~The major objectives of this investigation &eleter-  § 0ps M sodium chloride) containing-amylasesolution
mine how dietary phytochemicals can be used as ¢hem q 5 mg/ml) were incubated at Z5for 10 minutes. After
preventive or therapeutic agents in the treatméri@ e incubation, 5001 of a 1% starch solution in 0.02 M
betes and hypertension. In this study Rhodiolaaelt  qgium phosphate buffer (pH 6.9 with 0.006 M sodium
were found to inhibit the carbohydrate hydrolyzieg- chloride) was added to each tube at timed intervtie
zymes, -amylase and -glucosidase and to also inhibit reaction mixtures were then incubated afC%or 10

the angiotensin | converting enzyrmevitro. minutes. The reaction was stopped with 1.0 ml oftrdin
. salicylic acid colour reagent. The test tubes wien
Materials and Methods incubated in a boiling water bath for 5 minutes aadled

Rhodiola roseand Rhodiola crenulatavere supplied by 15 room temperature. The reaction mixture was then

Barington Nutritionals (Harrison, NY).-amylase (EC gjyted after adding 10ml distilled water and absorce
3.2.1.1), -glucosidase (EC 3.2.1.20), angiotensin con+yas measured at 540 nm.

verting enzyme (EC 3.4.15.1) and Tyrosol standarcewer
purchased from Sigma Chemical Co. (St. Louis, MO). Control Extract
Unless noted, all chemicals also were purchasenh fro o4 innibition = 40[ " Meao x100

Sigma Chemical Co. (St. Louis, MO). C4%mmlj

Sample extraction

Water extracts: The I1G, of -amylase inhibitory activity was defined as
A total of 1g of driecRhodiolapowders were added to 10 the amount of soluble phenolics that inhibits abaace
ml of distilled water and stirred for half an hodrhe  at 540 nm to 50 % of the maximum.

extract was then filtered through a Whatman #t2rfiand

centrifuged at 10,000 x g for 10 min. -Glucosidase inhibition assay
-Glucosidase (EC 3.2.1.20) was purchased from Sigma
Ethanol extracts [12%]: Chemical Co. 501 of sample solution and 100 of 0.1

A total of 1g of driedRhodiolapowder were stirred in 10 M phosphate buffer (pH 6.9) containingglucosidase
ml of 12% concentration of ethanol at“@for 2 hrs and  solution (1.0 U/ml) were incubated in 96 well pktat
cooled. The extract was then filtered through a Wiaat  25°C for 10 minutes. After pre-incubation, 500f 5 mM

# 2 filter and centrifuged at 10,000 x g for 10 min p-nitrophenyl- -D-glucopyranoside solution in 0.1 M
phosphate buffer (pH 6.9) was added to each well at
Total phenolics assay timed intervals. The reaction mixtures were ind¢abeat

The total phenolics was determined by an assay ieddif 25°C for 5 minutes. Before and after incubation, absor
from Shetty et al, (1995)° Briefly, one millilitre of bance readings were recorded in a micro-array reade
extract was transferred into a test tube and miw#tl  (Thermomax, Molecular device Co., Virginia, USA) at
1ml of 95% ethanol and 5 ml of distilled water. @&ch 405 nm and compared to a control which had b@f
sample 0.5 ml of 50% (v/v) Folin-Ciocalteu reagesmts  buffer solution in place of the extract. Theglucosidase
added and mixed. After 5 min, 1 ml of 5% J8&; was inhibitory activity was expressed as % inhibitiardavas
added to the reaction mixture and allowed to sfan®0 calculated as follows:
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Control _ [y Extract The % inhibition was calculated by:
% inhibition = 00 0 x100
|_D ControIJ
05 Control _ ESampIe
% inhibition= ¢ + X100

Control Blank
IG, of -glucosidase inhibitory activity was defined as |.E - E anJ

the amount of soluble phenolics that inhibits abaace

at 405nm to 50% of the maximum. HPLC Analysis
] . ] o Tyrosol
Angiotensin Converting Enzyme Inhibition Assay Quantitative determination of tyrosol was assaygthb-

ACE inhibition was assayed by a method modified bydifying a method developed by Phanal(2000)* Two
Kwon et al, (2006)." The substrate, hippuryl-histidyl- m|"of dried Rhodiolaextracts were filtered through a 0.2
leucine (HHL) and angiotensin I-converting enzyme  fiter. 5 | of sample was injected using Agilent ALS
(ACE) from rabbit lung (EC 3.4.15.1) were purchased; 100 autosampler into Agilent 1100 series HPLC (@il
from Sigma Chemical Co.. Fifty microliters of exita Technologies, Palo Alto, CAquipped with DAD 1100
were incubated with 100l of 1.0 M NaCl-borate buffer gigge array detector. The solvent used for eluti@s 6.5
(PH 8.3) containing 2.0 mU ACE-l solution at 32 for o4 methanol. The analytical column used was Nudleosi
10 minutes. After pre-incubation, 1000f a 5.0 MM sub-  c18 250x4.6 mm i.d., with packing material ofn®
strate (HHL) solution was added to the reactiontumix particle size at a flow rate of 1 ml/min at ambiéer-
Test .solutions were incqbated at &7 for 1 hour. The perature. During each run the chromatogram was re-
reaction was stopped with 150 of 0.5 N HCI. The  ¢orded at 225 nm and integrated using Agilent Chem-
hippuric acid formed was detected and quantifiedft®/  station enhanced integrator. Pure standard of ayros
HPLC method. 5| of sample was injected using Agilent (purchased from Sigma Chemical Co., St. Louis, MO) i
ALS 1100 autosampler into an Agilent 1100 series HPLC;qo4 ethanol was used to calibrate the standarcecamd
(Agilent Technologies, Palo Alto, CA) equipped with ratention times.

DAD 1100 diode array detector. The solvents used fo

gradient were (A) 10 mM phosphoric acid (pH 2.581an phenglic phytochemicals:

(B) 100% methanol. The methanol concentration waswo m| of extracts were filtered through a 0.2 filter.
increased to 60% for the first 8 min and to 100%ife@ 5 5 | of sample was injected using Agilent ALS 1100caut
min, then decreased to 0% for next 5 min (total @, sampler into Agilent 1100 series HPLC (Agilent Techno
18 min). The analytical column used was Nucled8D-  |ogies, Palo Alto, CAequipped with DAD 1100 diode
5C18, 250x4.6 mm i.d., with packing material of &  array detector. The solvents used for gradientautiere
particle size at a flow rate Iml/ min at ambiemhpera- (o) 10 mM phosphoric acid (pH 2.5) and (B) 100% me-
ture. During each run the chromatogram was recbade thanol. The methanol concentration was increased t
228nm and integrated using Agilent Chemstation enggoy, for the first 8 min and to 100% over the nexnif,
hanced integrator for detection of liberated hippacid.  then decreased to 0% for the next 3 min and wag-mai
Pure hippuric acid (purchased from Sigma Chemial C tained for the next 7 min (total run time, 25 mirJhe

St. Louis, MO) was used to calibrate the standamtec  gnalytical column used was Agilent Zorbax SB-C18,
and retention time. 250x4.6 mm i.d., with packing material ofrb particle
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Figure 1. Total soluble phenolics (mg/g dw) and DPPH (%)scging activity of water and 12% ethanol extradtRhodiola
species R.crenulataW; water extract oRhodiola crenulataR.crenulatak; 12 % ethanol extract &hodiola crenulataR.roseaWw;
water extract oRhodiola roseaR.roseakE; 12 % ethanol extract &hodiola rosea
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size at a flow rate of 1 ml/min at ambient tempamt

of R.roseahad 111.7 mg/g dw and 76.4 mg/g dw of so-

During each run the chromatogram was recorded @t 30uble phenolics, respectively (Fig. 1).

nm and 333 nm and integrated using Agilent Chenmostat
enhanced integrator. Pure standards of gallic aod

Three major phenolics were identified in theraots
using HPLC and these were; gallic acid, coumarid aci

Coumaric acid (purchased from Sigma Chemical Cb., Sand tyrosol (Table 1). In general, ethanol extrd@d a

Louis, MO) in 100% methanol were used to calibrate t
standard curve and retention times.

Statistical analysis

All experiments were performed at least in dupésat
Analysis at every time point from each experimemtsw
carried out in duplicates or triplicates. Meansndard
errors and standard deviations were calculated fepti-
cates within the experiments and analyses usingogiidt
Excel XP.

Total phenolics and HPLC analysis of extract

The total phenolic content in water extracts andete-
nol extracts was analyzed by the Folin-Ciocaltethoe.
Ethanol extracts oR.crenulatahad 132.0 mg/g dw of
phenolics which was highest among all the extrasted
(Fig. 1). Water extract dR.crenulatahad 121.9 mg/g dw
of soluble phenolics (Fig. 1). Ethanol and watdracts

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

Rhodiola crenulata Rhodiola rosea

Phenolics
12% 12%
(mg/g dw) Water Ethanol Water ext. Ethanol
ext.
ext. ext.
Tyrosol 1.470.06 2.07%0.08 2.19t0.04 2.78:0.09
Coumaric  0.5%:0.02 0.33t0.01 0.14:0.01 0.10:0.01
Gallicaid 10.72:0.10 6.17+0.31 2.64t0.03 1.66t0.07
Total 12.78 8.57 4.97 4.54
(@

£t g 3w
S - i B BV T P T i 1

(b)

slightly higher content of these phenolics than wser
extracts. In both the water and ethanol extradts o
R.crenulata gallic acid was found to be a major phenolic.
Ethanol extract oR.roseahad higher content of tyrosol
than water extract. Water extracts Rfcrenulatahad
high concentrations of gallic acid (10.72 mg/g deQu-
maric acid (0.59 mg/g dw) and tyrosol (1.47 mg/g) dw
(Table 1). Water extracts &.roseahad a lower gallic
acid content (2.64 mg/g dw) comparedR@renulatabut

a higher one than its ethanol extracts (1.66 mg/y @he
phenolic phytochemical found at the next highest-co
centration was tyrosol. Figure 2 shows the chromat
grams of standard of tyrosol and sample with thdilao
phase 6.5% methanol in water. The peak of tyrasohf
the standard mixture and extracts were identifigdrds
tention time and spectrum. R.roseaextracts, tyrosol
was found at levels of 2.19 mg/g dw in water extand
2.78 mg/g dw in ethanol extracts. Ethanol extradfts
R.crenulataalso had a high tyrosol content (2.07 mg/g
dw) compared to 1.47 mg/g dw in water extractshe®t
phenolics such as coumaric acid was generally faond
lower concentrations in the water extracts tharethanol
extracts (Table 1).

Antioxidant activity by DPPH

The antioxidant activity of the extracts was moratbr
using the DPPH radical inhibition (DRI) assay. The
ability of phenolics to inhibit the DPPH radicakfioation
was measured both in water and ethanol extractse Th
ethanol extracts oR.crenulatahad the highest DPPH
radical inhibition activity (90.7%) followed by ethol
extract of R.rosea(84.6%), water extract &.crenulata

= B —T— el

Figure 2. Chromatograms dRhodiolaextract (a) and a tyrosol standard (b). Statiopdigse; Nucleosil C18
(25cmX4.6mm), mobile phase; 6.5 % methanol in wdkew rate; 1.0 ml/min, detection; UV 225nm. Pe&kTyrosol.
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(81.7%) andR.rosea(77.2%) (Fig. 1). The results indi- 120.9 g total phenolic/ml) and ethanol extractRfosea
cated that the DPPH scavenging activity of all asts  total phenolic/ml). The -glucosidase inhibitory activity
was proportional to the total soluble phenolic eomtin  of water and ethanol extracts was directly propoel to
them (Fig. 1). This result is different comparedimnal the concentration of the tyrosol (Table 1). Ethamdtact
lemon balm which showed high DPPH scavenging actiof R.rosea(ICso, 44.7 g total phenolic/ ml), water extract
vity with low total phenolic conterif. This could be due of R.rosea(ICs,, 52.3 g total phenolic/ ml), water extract
to the type and quality of phenolics that variedoamm of R.crenulata(ICs,, 60.3 g total phenolic/ml) and etha-

species’ nol extract ofR.crenulata(ICs,, 60.2 g total phenolic/
ml) also showed significant-glucosidase inhibitory acti-
Amylase/Glucosidase Inhibition vity. The -glucosidase inhibitory activity of the extracts

Previous research with water and ethanol extractdoe ~ was compared to standard tyrosol detected in thaas
nal herbs of Lamiaceae family reported an associatiousing HPLC.

between antioxidant activity and-amylase and - Tyrosol had strong-glucosidase inhibitory activity
glucosidase inhibition activity. Therefore, the -gluco-  (ICso, 70.8 g total phenolic/ml). This suggested that the
sidase and-amylase inhibitory activies witR.crenulata  content of tyrosol was critical for highglucosidase inhi-
and R.roseawere compared (Fig. 3-6). Thesl®df the bitory activity and was likely enhanced during tre
Rhodiola extracts on the -glucosidase and-amylase adjustment of phenolic contentq total phenolic/ml) for
inhibitory activity was measured for dose depengiencdose dependency studies. Thglucosidase inhibitory
using different amount of phenolicsg{ml). Water ex- activity of the ethanol extracts also correlatethwyrosol
tracts of Rhodiola crenulatahad the highest-amylase content (Fig.5,6). These results suggest that pieeno
inhibitory activity (1G, 98.1 g total phenolic/ml) compounds oRhodiolaextracts and in particular tyrosol
followed by ethanol extract & crenulata(ICs0,173.4 g play a role in the inhibition of -glucosidase activity.

120

—@—FEtOH ext. R.crenulata

= & EtOH ext. R.rosea

% Inhibition

0 50 100 150 200 250 300
Total soluble phenolic content( my/ml)

Figure 6. Dose dependent changes iGlucosidasénhibitory activities of 12 % ethanol extracts of
Rhodiola crenulat andRhodiola ose:( g/ml total phenolic:.
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Figure 7. Dose dependent changes i&lucosidase inhibitory activities of tyrosol stand.
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Based on the results abowhodiola species which Conclusion
have a high content of tyrosol could be used fa th The major phenolic components of tRaodiolaspecies:
management of glycemic response in patients witheTyptyrosol, had strong-glucosidase (EC 3.2.1.20) inhibitory
Il diabetes. This strategy would likely have lowadrdo-  activity. In generaRhodiolaspecies has good inhibitory
minal side effects arising from excessive inhilitiof  profile on carbohydrate degrading enzyme such as
pancreatic -amylase, which would result in the abnormal glucosidase related to carbohydrate digestion. kaaid
bacterial fermentation of undigested carbohydrategbe  ethanol extracts frorRhodiolaspecies had less inhibitory

colon. effect against -amylase than-glucosidase. Strong inhi-
bition of -glucosidase could be potentially used as
ACE Inhibition effective therapy for postprandial hyperglycemigkéd to

Hypertension which is a risk factor for many cardio Type Il diabetes. This approach has potentiallg lde-
vascular diseases is also associated with long tham effects such as abdominal distention, flatulencetem
betes. Control of hypertension via modulation offian  rism and possibly diarrhea caused by the excedshie
tensin I-converting enzyme (ACE) by dietary anti- bition of pancreatic -amylase, which results in the abnor-
hypertensive agents is potentially an importargtegfy to  mal bacterial fermentation of undigested carbohigdran
manage this risk factor. In this study the abilifythe the colon. Among all the extracts, ethanol andewat
Rhodiola extracts to inhibit the activity of rabbit lung extracts from R.rosea showed strong ACE-inhibitory
ACE was investigated. activity. Control of hypertension via modu-lationf o
Among the sample extracts, ethanol extra®.obsea angiotensin I-converting enzyme (ACE) (EC 3.4.1%yl)
had the highest ACE inhibitory activity (38.5%)llfaved  dietary anti-hypertensive agents could be an ingmbrt
by water extract oR.rosea(36.2 %), water extract of strategy to manage hypertension which is a ristofdor
R.crenulata(15.4%) and ethanol extract &.crenulata CVD and often results from long-term diabetes radli
(11.2%) (Fig. 8). ACE inhibitory activity of the racts Based on these results ethanol and water extrdcts o
did not correlate well with the total soluble phkn@on-  R.roseahave the potential for the development of an
tent, antioxidant activity or the concentration iofli- effective dietary or supplement strategy for pasinpial
vidual phenolics in the extracts such as tyro$ag.(8). hyperglycemia and hypertension linked to diabete#iim
This was especially true fdR.roseaextracts which tus and associated cardiovascular diseases.
had high ACE-inhibitory activity but did not cores¢
with antioxidant activity and total soluble phemotion- References
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