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Potential of cranberry-based herbal synergiesfor
diabetes and hypertension management
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01003, USA

Water soluble cranberry—based phytochemical contibimawwith oregano, rosemary, aRtlodiola rosea were
evaluated for total phenolic content, related asdiant activity and inhibition of diabetes manageirerelated
a-glucosidase, pancreaticamylase inhibition, and hypertension - related ACEinhibitory activities. Water
extracts of oregano had 114.9 mg/g DW of phendlicieh was highest among all the extracts teste@reds
the 75% cranberry with 25% oregano combinationsthadhighest phenolics (38.9 mg/g DW) among all the
combinations tested. The water extracts of oredetbthe highest DPPH radical inhibition activity @ %),
whereas among combinations the 75% cranberry afl @&gano had the highest DPPH radical inhibition
activity (50.8 %). These results indicated a datien between total phenolic content and antioxidzctivity.
The water extracts of puRhodiola rosea had the highest-glucosidase inhibition, whereas the 75% cranberry
and 25% Rhodiola rosea combination had the highest inhibition among tlembinations. In the case

of a-amylase inhibition the water extracts Rfiodiola

rosea had the highest inhibition, whereas the 75%

cranberry with 25%Rhodiola rosea combination had the highest inhibition among tbenbinations. All the
water extracts tested indicated that they had AGtiE-1 inhibitory activity. More specifically, amortipe water
extracts 100% cranberry had the highest ACE-I inbipi activity and among the combination the 75%
cranberry with 25% rosemary had the highest ACEHhibitory activity. The analysis ofi-glucosidase,

a - amylase, and ACE-I inhibitory activities suggestedttinhibition depend on the phenolic profile otlea
unique extract and by bringing together synergistimbinations to cranberry, health beneficial fiorality
was enhanced. This enhanced functionality in tevimsigh a-glucosidase and-amylase inhibitory activities
indicate the potential for diabetes management,hégid ACE — | inhibitory activity indicates the patél for

hypertension management.

Key Words: Water soluble phenolics, antioxidants, a-amylase, a-glucosidase, angiotensin converting- | enzyme,
inhibitor, type 2 diabetes, hypertension, synergies, cranberry, rosemary, Rhodiola rosea, oregano

Introduction

Diabetes mellitus is a metabolic diseases chaiaetdry
hyperglycaemia resulting from defects in insulicrs¢ion,
insulin action, or both. Specifically chronic hygbr
caemia of type 2 diabetés associated with long-term

damage, dysfunction and failuoé various organs, espe-

cially the eyes, kidneys, nerves, heartd blood vessels,
and has been shown to be also linked with hypddens
Hyperglycaemia is a condition characterized of Heglels
of blood glucose. The major source of blood gludgeshe
hydrolysed dietary carbohydrates, such as staftte die-
tary carbohydrates are hydrolysed by pancreat@mylase

obese patients has been attempted by acarbose) hénsc
been shown to effectively reduce the intestinabgtiton
of sugars in humarre.

o—Amylase acts upon large polysaccharides (starch) a

internal bonds. Naturab—amylase inhibitors offer an
attractive therapeutic approach to the treatmenpast-
prandial hyperglycaemia, by ultimately decreasihggse
release from starch. Recently it has been shoanphe-
nolics play a role in mediating-amylase inhibition and
therefore have potential to contribute to the manaant of
type 2 diabete5.

with absorption aided by—glucosidases in order to be

absorbed by the small intestihdt is believed that inhi-
bition of these enzymes can be important stratefpes
management of type 2 diabefes.

o—Glucosidase is an enzyme that catalyses thedtapl
of glucose absorption in the intestine during tigestive
process of carbohydrates, and heaeglucosidase inhibi-
tors could retard the rapid utilization of dietacarbo-
hydrates and suppress postprandial hyperglycéritiae
possibility of clinical use of such inhibitors fdiabetic or
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A problem with usingp—amylase inhibitors that are rosemary andrhodiola rosea have anti-type 2 diabetic
highly active, is the occurrence of certain sidée@b, and anti-hypertension functionality and to expldhe
such as abdominal distention, flatulence, meteorasimh  possibility of cranberry-based combinations to syne
possibly diarrhea. Previous reports have shownstheh  gistically enhance these health beneficial effects.
effects are possibly caused by the excessive intnibof
pancreatica-amylase resulting in the abnormal bacterialMaterials and Methods
fermentation of undigested carbohydrates in thercdl Dried cranberry powder was supplied by Decas Crambe
Natural a-amylase anda-glucosidase inhibitors from Products Inc. Dried oregan&hodiola rosea, and rose-
plants have shown to have lower inhibitory effegaiast mary in powder form was supplied by Barrington Mutr
a-amylase activity and a stronger inhibition activity tionals.a-Amylase (EC 3.2.1.1k-glucosidase (EC 3.2.1.
againsta-glucosidase and therefore can be potentiall}20) and angiotensin converting enzyme (EC 3.4.15.1)
used as effective therapy for postprandial hypeagynia were purchased from Sigma Chemical Co. (St. Louis,
with minimal side effects. MO). Unless noted, all chemicals also were puretias

High blood pressure (hypertension) is a comeum-  from Sigma Chemical Co. (St. Louis, MO).
plication of diabetes. Recent statistical datanstiwat hy-
pertension occurs in approximately 30% of patievith Sample preparation
type 1 diabetes and from 50 to 80% of patients wifle 1 gram of powder was dissolved in 10 ml cold waker.

2 diabeted? Hypertension is a multifactorial process andthe case of combinations for investigating synéigis
the main cause of illness in industrialized cowstriOne functional benefits 0.75 grams of cranberry and50.2
of the most important intermediary factors for cohing grams of the selected powder were mixed based it ma
hypertension is the action of the Angiotensin—cotivng  mum saturation of antioxidant potential from conabin
enzyme (ACE)!Angiotensin | converting enzyme (ACE) tions. Samples were mixed vigorously for 1 minatel

is a glycoprotein peptidylpeptide hydrolase, whaosgn  then centrifuged two times at 10,000 x g for 10 uts
known functions are to cleave histidyl-leucine fromand the supernatant was collected.

Angiotensin | forming the potent vasoconstrictorghos

tensin I, and to degrade bradykinin to inactivepppe Total phenolics assay

tides® Recent results indicating that certain flavonoid-The total phenolics was determined by an assay raddif
rich foods can induce reductions in blood presand from Shettyet al., (1995)** Briefly, one millilitre of ex-
inhibit ACE—I activity, bothin vivo andin vitro,"®> opens  tract was transferred into a test tube and mixeti winl
the possibility that consumption of select flavahoich  of 95% ethanol and 5ml of distilled water. To eaelm-
foods may mimic synthetic ACE inhibitors and provide ple 0.5ml of 50% (v/v) Folin-Ciocalteu reagent veaitled
health benefits, but without adverse side effétts. and mixed. After 5 min, 1ml of 5% MaO; was added to

Phenolic phytochemicals are secondary metaisolif  the reaction mixture and allowed to stand for 60.mihe
plant origin which constitute one of the most atamd absorbance was read at 725 nm. The absorbance values
groups of natural metabolites and form an imporgart  were converted to total phenolics and were expdesse
of both human and animal diéfs'® Recent studies have milligrams equivalents of gallic acid per grams dry
shown that phenolic phytochemicals have high antiweight (DW) of the sample. Standard curves weta-es
oxidant activity and certain therapeutic propertie8ran-  blished using various concentrations of gallic awid
berry is a traditionally and widely consumed frimtthe  water.

United States, containing a wide range of pherpitigto-

chemicals, and has been historically associatedl pasi- ~ Antioxidant activity by 1,1-diphenyl-2-picrylhydrazyl ra-
tive health benefit® Recent results indicate that plants dical (DPPH) inhibition assay

belonging to Lamiaceae family (Mint Family), inclnd  To 3ml of 60uM DPPH in ethanol, 250l of each extract
oregano and rosemary, have potential for manageaient was added, the decrease in absorbance was monébred
many chronic oxidation-linked diseases such asedésy 517 nm until a constant reading was obtained. rEae
and CVD!*# Rhodiola rosea L., also known as "golden dings were compared with the controls, which comdi
root" or "roseroot", belongs to the plant fam{Brassu- 250 pl of water instead of the extract. The % inhibitio
laceag® Recently it has been shown thatRhodiola  was calculated by:

rosea L the biologically active substances salidroside,

rosin, rosavin, rosarin and tyrosol, which are nyain Control _ p Extract

found in plant rhizomes, demonstrate therapeufecet® % inhibition = { T D)d.OO

These active components affect the central nervgsis s I, 17 J

tem by increasing the ability to concentrate, inmgro o

mental and physical power and improve general tesig-Amylaseinhibition assay

tance of the cells against outside infections. Thisp Porcme_ pancreatm_—amylase (EC 3.2.1.1) was purchased
prevent the circulatory system from stress andyarrh 'om Sigma Chemical Co. 5ADof extract and 50d of
thmias, and posses some antioxidant activity. Sdata 0-02M sodium phosphate buffer (pH 6.9 with 0.006M
confirm that theRhodiola rosea L. preparations stop the sodium chloride) containing amylaselution (0.5 mg/ml)

growth of the malignant tumors and metastases én thWere incubated at %6 for 10 minutes. After pre-
liver 23 incubation, 500l of a 1% starch solution in 0.02M so-

The aim of this investigation is to determimbether ~ dium phosphate buffer (pH 6.9 with 0.006 M sodium
cranberry alone compared to combinations with arega chloride) was added to each tube at timed intervie
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reaction mixtures were then incubated afC%or 10  size at a flow rate 1ml/min at ambient temperatubai-
minutes. The reaction was stopped with 1.0ml oitdin  ring each run the chromatogram was recorded anp28
salicylic acid colour reagent. The test tubes wiien  and integrated using Agilent Chemstation enhanoést i
incubated in a boiling water bath for 5 minutes aadled  grator for detection of liberated hippuric acidr@tippu-

to room temperature. The reaction mixture was ftien ric acid (purchased from Sigma Chemical Co., Stuio
luted after adding 10ml distilled water and absodea MO) was used to calibrate the standard curve and re

was measured at 540 nm. tention time. The % inhibition was calculated by:
Control __ p Extract Control __ ESampIe
0 . At = 40_ _40 0 . T — - o
Y% inhibition [ Comro,J x100 % inhibition = lEControI — EBIank] x100
40

This assay was modified compared to previogs m

t.hOdS used in the Iaboratztgry that had. 24 hour mt;ub Two ml of phytochemical extracts were filtered thybua
t'me (McCueet al., 2004)." which in I'.ght of physico- 0.2 um filter. 5ul of sample was injected using Agilent
biological mode of starch breakdown is t.oo Iong.r‘éhe ALS 1100 autosampler into Agilent 1100 series HPLC
fore, we developed an assay with 10 min incubdtiae. (Agilent Technologies, Palo Alto, Clequipped with
DAD 1100 diode array detector. The solvents used f
gradient elution were (A) 10 mM phosphoric acid (pH
2.5) and (B) 100% methanol. The methanol concéairat
was in-creased to 60% for the first 8 min and t0%0
over the next 7 min, then decreased to 0% for the 8
min and was maintained for the next 7 min (totat ru
time, 25 min). The analytical column used was Agile
Zorbax SB-C18, 250x4.6 mm i.d., with packing maleria
. B ) of bum particle size at a flow rate of 1 ml/min at anmie
tures were incubated at Z5for 5 minutes. Before and temperature. During each run the chromatogram eas r

Zggr mcgbathn, anEorban(ée re?_(:]mgs were rl\e;lc?aie? corded at 306 nm and 333 nm and integrated usirig Ag
nm Dby microplate. reader, ermomax (Molecu AMent Chemstation enhanced integrator. Pure stdadzr
device Co., Virginia, USA) and compared to a cdntro

: o protocatechuic acid, chlorogenic acid, caffeic aelthgic
which had 5Qul of buffer solution in place of the extract. acid, resveratrol and rosmarinic acid (purchagetnf

The a-glucosidase inhibitory activity was expressed asSigma Chemical Co., St. Louis, MO) in 100% methanol
inhibition % and was calculated as follows: were used to calibrate the standard curve and tieten

HPLC analysis of phenalic profiles

a-Glucosidase inhibition assay

a-Glucosidase assay was done by usingl 59 sample
solution and 100 of 0.1 M phosphate buffer (pH 6.9)
containing a-glucosidasesolution (1.0U/ml) and incu-
bated in 96 well plates at %5 for 10 minutes. After pre-
incubation, 5@I of 5mM p-nitrophenyle-D-glucopy-
ranoside solution in 0.1 M phosphate buffer (pH &vas
added to each well at timed intervals. The reactix-

times.
AA‘(‘:ontrol _ Extract
O i A — 05 o5
% inhibition = q [aAcs] D’doo Statistical analysis
05 All experiments were performed at least in tripiesa

Analysis at every time point from each experimemtsw
Angiotensin converting enzyme inhibition assay carried out in triplicates. Means, standard errarsi
ACE inhibition was assayed by modifying a method destandard deviations were calculated from replicatizs
veloped by Cheung and Cushman (1973Jhe sub- in the experiments and analyses using MicrosofteExc
strate, hippuryl-histidyl-leucine (HHL) and angioseml-  Xp. IC values were calculated using ED50plus vol.1.

converting enzyme (ACE) from rabbit Iung (EC 34151 software, deve|0ped by Mario H. Vargas, MD.
was used. Fifty microliters of extracts were inatduol

with 10Qul of 1.0M NacCl-borate buffer (pH 8.3) con- Resultsand Discussion

taining 2.0 mU ACE-I solution at 3¢ for 10 minutes. Total phenolics

After pre-incubation, 10 of a 5.0 mU substrate (HHL) The total phenolic content in water extracts wadysed
solution was added to reaction mixture. Test sahstio by the Folin-Ciocalteu method. In this study fefiént
were incubated at 8C for 1 hour. The reaction was combinations of cranberry were used for synergylistu
stopped with 15Qul of 0.5 N HCI. The hippuric acid One combination was with rosemary, which has lower
formed was detected and quantified by HPLC methodiotal water soluble phenolic content than cranbeand

Sul of sample was injected using Agilent ALS 1100 two combinations were witRhodiola rosea and oregano,
autosampler into an Agilent 1100 series HPLC (Adilen poth of which have higher concentration of totalteva
Technologies, Palo Alto, CA) equipped with DAD 1100 spluble phenolics than cranberry. Water extrattsre-
diode array detector. The solvents used for grddi®re  gano had 114.9 mg/g DW of phenolics which was highe
(A) 10 mM phosphoric acid (pH 2.5) and (B) 100% me-among all the extracts tested, whereas combinatfon
thanol. The methanol concentration was increased t75% cranberry with 25% oregano had the highest phe-
60% for the first 8 min and to 100% for the 5 ntimlen  nolics (38.9 mg/g DW) among all the combinatiorste
decreased to 0% for next 5 min (total run time,mjﬂ). (F|g ]_) The results in Figure 1 show that thisra sy-
The analytical column used was Nucleosil 100-5C18pergistic effect from combinations on the total @vatolu-
250x4.6 mm Id, with packing material Ofm particle ble pheno"c content of the extracts.
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Figure 1. Summarized results of Total Phenolic concentradioth DPPH scavenging activity.
Antioxidant activity by DPPH assay a-Glucosidase and a-Amylase I nhibition

The antioxidant activity on weight basis (1 gram)eaf ~ The analysis ofa-glucosidase and-amylase inhibition
tracts and synergistic enhancement from combinstionwere undertaken to investigate the type 2 diabetas
were monitored using the DPPH radical inhibitiorR(D  nagement potential of cranberry based combinatidie
assay. The water extracts of oregano had the $tighen-glucosidase andi-amylase inhibitory activities were
DPPH radical inhibition activity (73.6%), whereas@g measured in three different total phenolic conterfitthe
the combinations, 75% cranberry with 25% oregand haextracts and their combinationsu-Glucosidase activity
the highest DPPH radical inhibition activity (50.8%ig. = was measured at 50, 100, and 289ml samples and
1). These results indicate that there is a systiegeffect  inhibition was observed at all concentrations (F2)-
on the DPPH radical inhibition activity from crambe The water extracts oRhodiola rosea had the highest
with various phytochemical combinations. Furtlieere inhibition, whereas the 75% cranberry with 25¥odiola
is a correlation between antioxidant activity wiitle total  rosea had the highest inhibition among the combinations.
water soluble phenolic content (Fig. 1). There is a clear synergistic effect with all thentrerry-
based combinations.
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Figure 2. o— Glucosidase inhibition at three different totakpblic content:
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Table 1. IC80, IC50, and 1C20 values for strong, mild Table 2. 1C80, IC50, and IC20 values for strong, mild, and
and weak (respectively) - glucosidase inhibitors.

weak (respectivelyy -amylase inhibitors.

IC80 IC50  IC20 IC80 IC50  IC20
Samples pg/ml pg/ml pg/ml Samples ng/ml_pg/ml _ pg/mi
100% RH 93 100% RH 100
75% CRA + 25% RH 116 75% CRA + 25% RH 104
100% CRA 90 100% CRA 110
75% CRA + 25% ROS 106 75% CRA + 25% ROS 164
75% CRA + 25% ORE 68 75% CRA + 25% ORE 142
100% ROS 81 100% ORE 164
100% ORE 105 100% ROS 198

a-Amylase activity was measured at 50, 100 and 20@n important strategy to manage this risk fattom this
pg/ml samples and inhibition was observed at all-coninvestigation the ability of cranberry-based coralbions

centrations (Fig. 3). Water extractsRifodiola rosea had
the highest inhibition, whereas the combination76¢6
cranberry with 25%Rhodiola rosea had the highest inhi-
bition among the combinations (Fig. 3). In ordecom-
pare the two enzyme inhibitory activities, we iotnced
the concepts of IC 80 for the strong inhibitorsgpblic
content needed for 80% inhibition), IC 50 for thddm
inhibitors (phenolic content needed for 50% inldoi},

and IC 20 for the weak inhibitors

inhibitory activities.

ACE | Inhibition

to inhibit ACE-I at three different total phenotiontents
(100, 200, and 50Qg/ ml) was undertaken. The results
indicated that all the water extracts had ACE-hikiitory
activity. More specifically, the water extracts pfire
cranberry had the highest ACE-I inhibitory activéayd
among the combinations 75% cranberry with 25% rose-
mary had the highest ACE — | inhibitory activity gF#).

(phenolic comten HPLC analysis of phenalic profiles
needed for 20% inhibition) (Tables 1 & 2). The ré&sul
indicate that the cranberry witRhodiola rosea com-
binations had the highestglucosidase andr-amylase

The HPLC phenolic analysis showed that in cranberry
alone (Fig. 5, 6) chlorogenic and ellagic acid wsigni-
ficant, and they could be important for ACE-I initdoy
activity, and to some extend te@-glucosidase andi-
amylase inhibition. Cranberry with oregano combimas
had higher rosmarinic acid (Fig. 5), which als@&likcon-

Hypertension is a common complication of diabéfes. tributed to the high antioxidant activity and topdlenolic

Control of hypertension via modulation of angioianis
converting enzyme (ACE —I) by dietary agents cohbél

content. More likely rosmarinic acid contributea the
ACE-l as well as tou-glucosidase and a-amylase
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75% CRA + 25%
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Figure 3. a-Amylase inhibition at different total phenolic itents
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Figure 4. ACE | inhibition at different total phenolic contsn

140
H 100% CRA
075% CRA + 25% ORE
120 +—0100% ORE
100 m
_ 80
£
E
=
60
40
20
0 . I . l:l . ||
3 . . . . . . A .
S &£ & &£ £ £ & & &£ f
S © & W Y © & Y © &
< S O S 4@ & S S S NS
& i S @ § & & & a
> \é 00 06}{\
& & ¢
Q\

Figure 5. Phenolic profile of cranberry and oregano comimeat

inhibitory activities observed with cranberry anggano
combinations. However, these inhibitory activitigere
less when compared to cranberry alone. Rosmaaiiit
therefore had less effect on ACE —alglucosidase and
a-amylase activities than cranberry alone or cramber
combinations withRhodiola rosea. Rosemary combina-
tions with cranberry had less phenolics than otloenbi-
nations and this reflected in the reduced functipnee-
sponses (data not shown).

Cranberry andRhodiola rosea combinations had
slightly higher total phenolic content than cramperione
and had very significant-glucosidase and-amylase in-
hibitory activities, but similar ACE — | inhibitorgctivity.
Therefore,a-glucosidase and-amylase inhibitory acti-
vities are linked to the increased phenolics fiRmdiola
rosea, and particular tyrosol (Fig. 6).

Conclusionsand implications

Diabetes mellitus is an emerging health concermamy
parts of the world. For example, recent statistickcate
that from 1980 through 2003 in USA alone the diabet
patients more than doubled (from 5.8 million to 8L3.
million).?” More specifically, people aged 65 years or
older account for almost 40% of the population vdia-
betes’” This research shows the positive potential of-cran
berry and cranberry — based phytochemical synefgres
type 2 diabetes and hypertension management.

Initial studies indicated that antioxidant igeity and
water soluble phenolic content of cranberry and
cranberry-based combinations were correlated. ribst
effective combination for increased antioxidantiaigt
was 75% cranberry with 25% oregano, while 100%
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Figure 6. Phenolic profile of cranberry arrhodiola rosea combination.
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