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Evaluation of clonal herbs of Lamiaceae species for
management of diabetes and hypertension
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In the current study, we screened 7 clonal linesnfisingle seed phenotypes of Lamiaceae family Her t
inhibition of a-amylase,a-glucosidase and angiotensin converting enzyme (AGHEipitory activity. Water
extracts of oregano had the highesglucosidase inhibition activity (93.7%), followduay chocolate mint
(85.9%) and lemon balm (83.9%). Sage (78.4%), tanek different clonal lines of rosemary: rosemafy
(71.4 %), rosemary 6 (68.4%) and rosemary K-2 @j.8lso showed significant-glucosidase inhibitory
activity. Thea-glucosidase inhibitory activity of the extracts sveompared to selected specific phenolics
detected in the extracts using HPLC. Catechin hadhijhesta-glucosidase inhibitiory activity (99.6%)
followed by caffeic acid (91.3%), rosmarinic acil5(1%) and resveratrol (71.1%). Catechol (64.4%),
protocatechuic acid (55.7%) and quercetin (36.9%9 axhibited significanti-glucosidase inhibitory activity.
Results suggested thaiglucosidase inhibitory activity of the clonal eatts correlated to the phenolic content,
antioxidant activity and phenolic profile of theteacts. The clonal extracts of the herbs and stanplaenolics
tested in this study did not have any effect ondfamylase activity. We also investigated the apitif the
clonal extracts to inhibit rabbit lung angiotensiconverting enzyme (ACE). The water extracts okeroary,
rosemary LA had the highest ACE inhibitory activ{80.5%), followed by lemon balm (81.9%) and oregan
(37.4%). Lower levels of ACE inhibition were obsetvwith ethanol extracts of oregano (18.5%) andlem
balm (0.5%). Among the standard phenolics only eesvol (24.1%), hydroxybenzoic acid (19.3%) and
coumaric acid (2.3%) had ACE inhibitory activity.

Key Words: phenolic phytochemicals, antioxidants, Lamiaceae, amylase, glucosidase, angiotensin converting enzyme,
enzymeinhibitors, resveratrol, rosmarinic acid, diabetes, hypertension.

Introduction

Hyperglycemia, a condition characterized by an amab acarbose is side effects such as abdominal distertatu-
postprandial increase of blood glucose level, hasnb lence, meteorism and possibly diarrie¥. It has been
linked to the onset of type Il insulin-independelidbetes suggested that such adverse effects might be cdnysttk
mellitus and associated cardiovascular complication excessive inhibition of pancreaticamylase resulting in
cluding hypertensioh” Hydrolysis of dietary carbo- the abnormal bacterial fermentation of undigestatba-
hydrates such as starches are the major sourdacaafsg in hydrates in the coloff:*?

the blood glucose. The enterocytes of the smédistime Natural o-amylase anda-glucosidase inhibitors from
can only absorb monosaccharides such as glucosteumnd food-grade plant sources offer an attractive sgsate con-
tose from our diet® Therefore, the dietary polysaccharidesrol of post-prandial hyperglycemia. Natural intdss from
need to be broken down to monosaccharides befae tplants have shown to have lower inhibitory effegdiasto-
can be absorbed. This hydrolysis is carried oud lgyoup amylase activity and a stronger inhibition activdiyainsi-
of hydrolytic enzymes calleg-glucosidases which includesglucosidase and therefore can be used as effettarapy
sucrase, maltase, glucoamylase, dextrinase ancdahe for postprandial hyperglycemia with minimal sidéeets™
creatica-amylase’® It is now believed that inhibition of  One of the long-term complications of diabeselsyper-
these enzymes involved in the digestion of carboditgd tension, or high blood pressure. Angiotensin k@oting
can significantly decrease the postprandial ineea$
blood glucose level after a mixed carbohydrate died
therefore can be an important startegy in the mam&gt Correspondence address. Shetty, K. Laboratory of Food
of type- diabete§. Severah-glucosidase inhibitors such Biotechnology, Department of Food Science, Universit
as acarbosetrestatifi, amylostatifi and valiolamin& have Massachusetts, Amherst, MA 01003, USA

been isolated from microorganisms. Acarbiselated Tgié,++11'i113;’;155_11022622

from Actinoplanes sp is now used in the management Of_mail- kalidas@foodsci.umass.edu

type Il diabetes. A main drawback of using drugshsas  Accepted 12 May 2005
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Enzyme (ACE) is an important enzyme involved inmaai  3.2.1.1), a-glucosidase (EC 3.2.1.20) and angiotensin
taining vascular tension. ACE activates a histldyicine  converting enzyme (EC 3.4.15.1) were purchased from
dipeptide called angiotensin I, into a potent vasec Sigma Chemical Co. (St. Louis, MO). Unless nott,
strictor called angiotensin . Angiotensin Il also stimu- chemicals also were purchased from Sigma Chemical C
lates the synthesis and release of aldosteronehwhi (St. Louis, MO).

crease blood pressure by promoting sodium retertion

the distal tubuled’ Inhibition of Angiotensin |- Sample extraction

Converting Enzyme (ACE) is considered a usefulaher \Water extracts

peutic approach in the treatment of high blood suesin A total of 5g of dried herb powders were added@0-hl
both diabetic and non-diabetic patielt&® Antihyper-  of distilled water and refluxed for 1 hour and bl The
tensive drugs have been isolated from a numbetaskt p extract was then filtered through a Whatman #t2rfiand
species’ It is now believed that screening plant extractscentrifuged at 10,000 x g for 10 min.

for inhibition of ACE will be an effective method t

search for new anti-hypertensive agéfits. Ethanol extracts [ 12%]

include -sage, rosemary, lavenders, oregano- ane ha of 12% concentration of ethanol at°@for 2hrs and

long been used in food preservation, culinary ftavand cooled. The extract was then filtered through aathftan

aromas and for the treatment of common aliments a& 2 filter and centrifuged at 10,000 x g for-biin.
traditional medicine. Recent research has now aidit
that these herbs are a rich source of phenolic ophyt
chemicals having high antioxidant activity. Furtitehas
shown that these phenolic phytochemicals possesfispe
therapeutic properties and may be responsible Heir t
beneficial effect on human health’® Phenolic phyto-
chemicals are now implicated to have potential fa-
nagement of many chronic oxidation-linked diseaseh
as diabetes and CVB? Recently it has been shown
that phenolics from the Lamiaceae family of herbshs
as rosmarinic acid fronRosmarinus officinalis, and ga-
lanigin from Origanum vulgare have anti-inflammatofy
and cancer chemopreventi¥activity.

Large variations in the phenolic content ahénmolic
profile in plants have limited their success agapeutic
agents in spite of their many beneficial effecthiede
variations are a result of heterogeneous plansingridue
to cross-pollination. Plants which originate froiffetent
heterozygous seeds are phenotypically variableirmgus
substantial phytochemical inconsistency, which gtate
into unreliable clinical effects as well as incatent
health benefits. Other factors, such as cultivarjety,
maturity, processing, and storage, also influeheecon-
tent of plant phenolicS. We have developed several
clonal lines of herbs from Lamiaceae family havoumn- Control Extract
sistent phenoic content, phenolic profile and artdant iRt AN — 17, w17
activity.* Therefore, the objective of this research was too/0 inhibition = q l ControIJ D)G.OO

. . . . 17
screen several clonal lines of different specideragng
to the Lamiaceae family far-amylasep-glucosidase and
ACE inhibition activity. We also compared the ibition p-Carotene oxidation model system
activity with the individual phenolics found in thghe-  One milliliter of 200ug/ml of g-carotene in chloroform
nolic profile of the targeted herbs and correlatesin to  was pipetted into a round-bottomed flask. Chlonfor

Total phenolics assay

The total phenolics was determined by an assay fraddi
from Shettyet al., (1995)*" Briefly, one milliliter of
extract was transferred into a test tube and mixeb
1ml of 95% ethanol and 5ml of distilled water. &ach
sample 0.5ml of 50% (v/v) Folin-Ciocalteu reagergsw
added and mixed. After 5min, 1ml of 5% J8&; was
added to the reaction mixture and allowed to sfan®0
min. The absorbance was read at 725nm. The absor-
bance values were converted to total phenolicsvesra
expressed in milligrams equivalents of gallic apier
grams dry weight (DW) of the sample. Standard esirv
were established using various concentrations dfcga
acid in 95% ethanol.

Antioxidant activity by 1,1-diphenyl-2-picrylhydrak
radical (DPPH) inhibition assay

To 3ml of 6QuM DPPH in ethanol, 250 of each extract
was added, the decrease in absorbance was monébred
517nm until a constant reading was obtained. The
readings were compared with the controls, which-con
tained 25@l of 95% ethanol instead of the extract. The
% inhibition was calculated by:

total phenolic and antioxidant activity. was evaporated using a rotary evaporator underwacu
at 40°C for 5min. Thes-carotene adhered to the sides of

Materialsand M ethods the flask were scraped and dissolved withl20 purified

Clonal lines of RosemaryRosmarinus officinalis (Rose-  linoleic acid and 184 of Tween 40 emulsifier. To this,

mary LA, Rosemary RoK-2 and Rosemary Ro-6), Lemonsoml of 50mM HO, was added and shaken vigorously
balm; Melissa officinalis, Sage; Salvia officinalis,  until a uniform emulsion was obtained. Aliquotsn{sof
Chocolate mint;Mentha piperata, and oreganoOri-  this emulsion were transferred to each test tube co
ganum vulgare (Oregano Go-19-2 ) were generated bytaining 10Qul of extract. The samples were vortexed for 1
Dr. Kalidas Shetty at the National Institute of Agr min and incubated at 80 for 30 min. Subsequently,
biological Sciences (Tsukuba Science City, JAPAK), absorbance readings were recorded at 470 nm and com
CC Botanicals(Barford, Warwick, United Kingdom) and pared to a control which had 10f ethanol in place of
Harekal Gardens(Mangalore, Indiap-amylase (EC the extract. The antioxidant activity was esgsed as
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protection factor (PF) and was calculated as fatow Angiotensin converting enzyme inhibition Assay
ACE inhibition was assayed by modifying a method de
Sample veloped by Cheung and Cushman (19%3Jhe sub-
Antioxidart protectiorfactor(APF) =( ngtml J strate, hippuryl-histidyl-leucine (HHL) and angiogén |-
Ao converting enzyme (ACE) from rabbit lung (EC 3.4105
were purchased from Sigma. Fifty microliters ofragts
a-amylase inhibition assay were incubated with 1Q0 of 1.0-M NacCl-borate buffer
Porcine pancreatie-amylase (EC 3.2.1.1) was purchased (pH 8.3) containing 2.0mU ACE-I solution at’g7for 10
from Sigma Chemical Co. A total of 500of extract and minutes. After pre-incubation, 1@0of a 5.0mM sub-
500ul of 0.02M sodium phosphate buffer (pH 6.9 with strate (HHL) solution was added to reaction mixtdrest
0.006M sodium chloride) containing-amylasesolution  solutions were incubated at’&7for 1 hour. The reaction
(0.5mg/ml) were incubated at T for 10 minutes. After was stopped with 150 of 0.5N HCI. The hippuric acid
preincubation, 500 of a 1% starch solution in 0.02M formed was detected and quantified by HPLC method.
sodium phosphate buffer (pH 6.9 with 0.006M sodium5ul of sample was injected using Agilent ALS 1100
chloride) was added to each tube at timed intervithe  autosampler into an Agilent 1100 series HPLC (Agile
reaction mixtures were then incubated afCJor 10 Technologies, Palo Alto, CA) equipped with DAD 1100
minutes. The reaction was stopped with 1.0ml oftdin  diode array detector. The solvents used for gradieme
salicylic acid color reagent. The test tubes wdrent (A) 10mM phosphoric acid (pH 2.5) and (B) 100%
incubated in a boiling water bath for 5 minutesgled to  methanol. The methanol concentration was increased
room temperature. The reaction mixture was themetili  60% for the first 8 min and to 100% for the 5 mntinen
after adding 10ml distilled water and absorbance wadecreased to 0% for next 5 min (total run time,niig).
measured at 540nm. The analytical column used was Nucleosil 100-5C18,
250x4.6 mm i.d., with packing material ofpin particle
size at a flow rate 1ml/min at ambient temperature.
Control Extract .
% inhibition = 40, ~ Twao X100 During egch run the c_hromat_ogram was re<_:orded at 22
[ Cfg‘m'J nm and integrated using Agilent Chemstation enhénce
integrator for detection of liberated hippuric ackiure
hippuric acid (purchased from Sigma Chemical Co., S
Louis, MO) was used to calibrate the standard car
retention time. The % inhibition was calculated by:

This assay was modified compared to previous meathod
used in the laboratory that had 24 hour incubatiore
(McCue et al., 2004)** which in light of physico- conral - sanple
biological mode of starch breakdown is long. T Fane S E -E

: By : % inhibition = x100
we developed an improved and more sensitive asgy w |EC°ntr°| - EBlankl

10 min incubation time.

HPLC analysis of phenolic phytochemicals
a -glucosidase inhibition assay Two ml of dried herb extracts were filtered througB.2
a-Glucosidase (EC 3.2.1.20) was purchased from Sigmam filter. Sul of sample was injected using Agilent ALS
Chemical Co. 50 of sample solution and 1QDof 0.1M 1100 autosampler into Agilent 1100 series HPLC {Agi
phosphate buffer (pH 6.9) containing-glucosidase lent Technologies, Palo Alto, CAquipped with DAD
solution (1.0U/ml) were incubated in 96 well platas 1100 diode array detector. The solvents usedrfadignt
25°C for 10 minutes. After preincubation, Bof 5mM  €lution were (A) 10mM phosphoric acid (pH 2.5) 4BJ
p-nitrophenyle-D-glucopyranoside solution in 0.1M 100% methanol. The methanol concentration was in-

phosphate buffer (pH 6.9) was added to each well agreased to 60% for the first 8 min and to 100% ater
timed intervals. The reaction mixtures were in¢ateat ~ Next 7 min, then decreased to 0% for the next 3 anuh
25°C for 5 minutes. Before and after incubation, abso Was maintained for the next 7 min (total run tin2s,
bance readings were recorded at 405nm and compared Min). The analytical column used was Agilent Zorba
a control which had 50 of buffer solution in place of the SB-C18, 250x4.6 mm i.d., with packing material pfrb
extract by micro-array reader (Thermomax, MolecularParticle size at a flow rate of 1ml/min at ambi¢etn-
device Co., Virginia, USA). The-glucosidase inhibitory ~Perature. During each run the chromatogram was re-
activity was expressed as inhibition % and wasutated ~ corded at 306nm and 333nm and integrated using Agi-

as follows: lent Chemstation enhanced integrator. Pure stasdafrd
protocatechuic acid, chlorogenic acid, caffeic aelthgic
Control __ p A Extract acid, resveratrol, and rosmarinic acid (purchaiech
% inhibition = 02 205 x100 Sigma Chemical Co., St. Louis, MO) in 100% methanol
[{ [ CSQUO'J D were used to calibrate the standard curve and tieten

times.
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Statistical analysis

All experiments were performed at least in dupbsat
Analysis at every time point from each experimeiisw
carried out in duplicates or triplicates. Meangnsdtard

extract and 0.66, 0.59 and 0.42 mg/g dw for 12%rath
extract, respectively. The phenolic phytochemfoaind
at next highest concentration was quercetin. Ire s&g
tracts quercetin was not detected in water exaradt12%

errors and standard deviations were calculated fronethanol extracts. Another major phenolic of sigaifice

replicates with in the experiments and analysesgusi
Microsoft Excel XP.

Resultsand Discussion

Total phenolics and HPLC analysis of extract

The total phenolic content in water extracts ardtla
ethanol extracts was analysed by the Folin-Ciogalte
method. Water extracts of oregano (Go-19-2) haé 62
mg/g dw of phenolics which was highest among all th
extracts tested (Fig. 1). The chocolate mint ekteand
lemon balm extract had 36.2 mg/g dw and 28.3 mg/g d
of soluble phenolics, respectively (Fig. 1). Thédtha-
nol extracts of the herbs had approximately 50%elow
total soluble phenolics than water extracts.

Five major phenolics were identified in thetragts
using HPLC and these were; rosmarinic acid, catieid,
coumaric acid, protocatechuic acid and quercetablg@
1). In general, water extracts had higher contétihese
phenolics than 12% ethanol extracts samples. i the
water and ethanol extract samples, rosmarinic ad
the found to be a major phenolic. Water extracteref
gano had high concentrations of rosmarinic acid58.6

that was observed in the lemon balm extracts waspr
catechuic acid which were found at levels of 0.3&gn
dw in water extracts and 0.27 mg/g dw in 12% ethano
extracts. Other phenolic such as coumaric acidgeag-
rally found in lower concentrations in the 12% ethla
extracts than water extracts (Table 1).

Antioxidant activity by DPPH and R-carotene assay

The antioxidant activity of the extracts was morgtb
using the DPPH radical inhibition (DRI) assay arnyctie
[-carotene antioxidant protection factor (APF) measu
ment. The ability of phenolics to inhibit the DPPatlical
formation was measured both in water and 12 % ethan
extracts. The water extracts of oregano had thbesig
DPPH radical inhibition activity (77.7%) followedyb
lemon balm (67.6%) and chocolate mint (58.7%) (Big.
The results indicated that the DPPH scavengingicti
of rosemary, sage, chocolate mint and oregano &stra
was directly proportional to the total soluble pblén
content in them (Fig. 2). However, lemon balm shdwe
high DPPH scavenging activity with lower total pbéo
content than chocolate mint and oregano extrabis, t

mg/g dw), coumaric acid (0.16mg/g dw), protocatéchu could be due to high content of protocatechuic acid
acid (0.12mg/g dw) and caffeic acid (0.10mg/g dw)(Taple 1). This suggests that the profile of indial

(Table 1). Water extracts of lemon balm was higfuer-
cetin content (5.54mg/g dw) compared to 3.61mg/grdw
12% ethanol extracts. The water extracts alsoatoed
significant amount of rosmarinic acid (4.84 mg/g)dw
protocatechuic acid (0.38 mg/g dw), caffeic acid340
mg/g dw) and coumaric acid (0.27 mg/g dw) (Table 1)
The rosmarinic acid contents of different @blines

phenolics in the extracts may be more importantdan-
tributing to the antioxidant activity than the tothe-
nolics content.

The antioxidant protection factor (APF) measuby
the 3-carotene assay was similar for both wateredina-
nol extracts (Fig. 3). However, this was not theecéor
the 12% ethanol extracts of chocolate mint had érigh

of rosemary (rosemary LA, rosemary RoK-2 and roseppg suggesting that they were rich in lipohili
mary Ro-6) were 3.75, 1.44, and 1.50mg/g dw faewa
90
B Water Ext.

8071 | DeoHEx 62.59
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=
g 60
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2 50
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3 40+
©
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§' 30 23.63
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° 20.91

20 15.10

12.83 11.84 12.15 11.88
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LA RoK-2 Ro-6 Lemon balm Sage Chocolate mint Go-19-2

Figure 1. Total soluble phenolics in water and 12% ethasmdtacts of clonal herbs dfamiaceae famil
(LA; rosemary, RoK-2; rosemary, Ro-6; rosemary, 19a2; oregano)
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Table 1. Individual phenolic compounds analyzed by HPLGwiater extracts of clonal herbs bamiaceat

Phenolics Lamiaceae Family
(mg/g dw)

Rosemary Rosemary Rosemary Lemon Sage Chocolate Oregano

LA RoK-2 Ro-6 Balm mint Go-19-2
Procatechuic acid  0.12+ 0.03 0.11+0.04 0.09+0.03 0.38+0.03 0.10+£0.03 0.29+0.11 0.12+0.01
Caffeic acid 0.20+ 0.01 0.24+0.03 0.21+0.05 0.34+0.04 0.34+0.07 0.23+0.07 0.10+0.02
Coumaric acid 0.19+0.03 0.20+£0.01  0.22+0.01 0.27+0.04 0.13+0.01 0.11+0.09 0.16+0.12
Rosmarinic acid 3.75+0.21  1.44+022 150+0.14 4.84+1.11 3.16+0.10 6.90+2.56 16.5+3.53
Quercetin 3.97+0.10 3.55+ 0.03 3.48+0.08 5.54+1.11 ND* 2.34+0.07 ND
Total 8.23 5.54 5.50 11.37 4.53 9.87 16.93

Table 2. Individual phenolic compounds analyzed by HPLA % ethanol extracts of clonal herbsLaimiaceas
family.

Phenolics Lamiaceae Family
(mg/g dw) Rosemary Rosemary Rosemary Lemon Sage Chocolate  Oregano
LA RoK-2 Ro0-6 Balm mint Go0-19-2
Procatechuic acid  0.05+ 0.03 0.06+ 0.02 0.06+£0.03 0.27+0.03 0.03+0.01 0.18+0.08 0.03+0.01
Caffeic acid 0.12+ 0.00 0.13+0.03 0.12+0.04 0.05+0.01 0.11+0.03 0.14+0.04 0.13+0.04

Coumaric acid 0.10£0.01  0.10+0.00 0.07+0.01 0.01+0.00 0.08+0.01 0.18+0.01 0.42+0.01
Rosmarinicacid ~ 066+0.02  0.59+0.02  0.42+0.07 0.23+0.01 0.72+0.01 1.32+0.13 3.78+0.56
Quercetin 1.41+0.01 1.75+ 0.01 2.23+0.07 3.61+0.08 ND* 0.06+0.01 0.10+0.07

Total 2.34 2.63 2.90 4.17 0.94 1.88 4.46

*N.D. Not detected
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Figure 2. DPPH radical scavenging activity of water and 12%arol extracts of clonal herbs bamiaceas
family (LA; rosemary, RoK-2; rosemary, Ro-6; rosemadso0-19-2; oregano).
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antioxidants which were more efficient in protegtip+
carotene oxidation.

Even though the water extracts had highet sotable
phenolics compared to the 12% ethanol extractsijasim
antioxidant protection of the both extracts in tRe
carotene assay may suggest the possible highds lef/e
lipophilic phenolic antioxidants in 12% ethanol rexts

activity had higher inhibition activity. This mauggest
that real content of each phenolic compounds whale
high a-glucosidase inhibitory activity was increased du-
ring the readjustment of phenolic content to 1apml.
The a-glucosidase inhibitory of activity of the 12%
ethanol extracts correlated with rosmarinic aciafffeic
acid and quercetin content which individually shdwe

compared to the water extracts. 3-carotene assay mehigh a-glucosidase inhibitory activity (Fig.4, 6). Among

sures the ability of the antioxidant in preventthg oxi-
dative deterioration of lipids and fatty acids la¢ tipid-
water interface. Therefore, higher antioxidantvést of
the phenolic antioxidants from the water and 12h&etl
extract in these two assays suggest a possibledical
functionality in preventing the oxidative degradatiof
membrane lipids.

Amylase/glucosidase inhibition
Previous research with clonal herbal extracts itegloan

all the extracts, the 12% ethanol extract of oregahich
had the highest rosmarinic acid content also hachtbst
potenta-glucosidase inhibitory activity (Table 1). This
was followed by ethanol extract of lemon balm which
contained high protocatechuic acid and quercetin @).

All the extracts showed a comparable inhibitiorthaf o-
glucosidase but did not have any inhibitory acivit
against porcine pancreaticamylase. This was surprising
in light of previous results, showing the ability the
herbs to inhibita-amylase activity. It is likely previous

association between antioxidant activity and ang/las assay results fos-amylase was likely reflection of long

inhibition activity (McCueet al., 2004)*" Therefore, we
compared thea-glucosidase andi-amylase inhibitory
activies with standard phenolics (Fig. 4). Purteciin
on a constant weight and constant pH basis hadite
esta-glucosidase inhibitory activity (99.6%) followed b
caffeic acid (91.3%), rosmarinic acid (85.1%), esirol
(71.1%). Catechol (64.4%), protocatechuic acid (%9
and quercetin (36.9%) also showed significamt
glucosidase inhibitory activity (Fig. 4). Howevavhen
the pH of the sample was not adjusted, caffeic heid

the lowest a-glucosidase inhibitory activity (15.6%)

24 hour incubation time, in which clonal extractaynbe
effective (McCue et al., 2004).

Based on the results above, Lamiaceae familichw
has high content of rosmarinic acid, caffeic agthto-
catechuic acid and quercetin could be used fornthe
nagement of glycemic response in diabetes melftas
teints. This strategy would likely have lower abdoal
side effects arising from excessive inhibition cdnp
creatica-amylase, which results in the abnormal bacterial
fermentation of undigested carbohydrates in thercol

followed by rosmarinic acid (25.9%) and catechin ACE Inhibition

(75.0%) (Fig. 4). Correlation of the-glucosidase inhi-
bitory activities of the standard phenolics sampiéth
pH may suggest the solubility of each phenolic conmul
at that pH may be important factor in contributiogthe
a-glucosidase inhibitory activity. Many tested pblcs
showed a comparabighibition of thea-glucosidase acti-
vity, but did not have any inhibitory activity agat por-
cine pancreatia -amylase.

The ability of the herb extracts to inhibitethu-

Hypertension is a risk factor for many cardiovaacul
diseases is also associated with long term diabetes
Control of hypertension via modulation of angioteris
converting enzyme (ACE) by dietary anti-hyperteasiv
agents is an important strategy to manage thisfaistor.
Here, we investigated the ability of the clonal ther
extracts and standard phenolics on inhibiting tttividy

of rabbit lung ACE. The results indicated thatvegatrol

had the highest ACE inhibitory activity (24.1 %})léaved

glucosidase and-amylase was measured in two different by hydroxybenzoic acid (19.3%) and coumaric aci® (2

extracts, the first extract was prepared on comstaight
basis (5g in 100 ml) and the second extract had#me
amount of phenolics (100Qg/ml). The o-glucosidase
inhibitory activity of water and 12% ethanol extragvas
directly proportional to the concentration of tl¢at so-
luble phenolics, rosmarinic acid and caffeic aditg( 5,

%) (Fig. 7).

Among the water extracts, rosemary LA hadiggn-
est ACE inhibitory activity (90.5%) followed by lem
balm (81.9%), oregano (37.4%) and rosemary RoK-2 (2
%) (Fig. 8). In the ethanol extracts, oregano lwawer
ACE inhibitory activity (18.5%) followed by lemorabm

Table 1). Water extracts of oregano had the highest0.5%) (Fig. 8). ACE inhibitory activity of the e=icts

a-glucosidase inhibitory activity (93.7%) followedy b
chocolate mint

did not correlate well with the total soluble phkno

(85.9%), lemon balm (83.9%), sagecontent, antioxidant activity or the concentratafnindi-

(78.4%). Water extracts of rosemary LA (71.4%),eros vidual phenolics in the extracts such as coumatid a
mary Ro-6 (68.4%) and rosemary RoK-2 (67.8%) also(Fig. 8). This was especially true for rosemary aAd

showed significant inhibition. Similar inhibitiom a-
glucosidase inhibition was seen when the wateraetdr
were compared at the same phenolic level (L§0al)
(Fig. 5). Among the water extracts, the extractsmir
oregano had the most poteatglucosidase inhibitory
activity which also had the highest content of ragnic
acid (Table 1). This was true even for the 12%aerth
extracts standardized on phenolic basis (1g0@l). All
the extracts showed similag-glucosidase inhibition

lemon balm extracts which had high ACE-inhibitogtia
vity but did not correlate with antioxidant actiitind
total soluble phenolic content. Within the samseroary
species, different clonal lines had different atte.
However the ACE-inhibition activity of the extracis-
creased with increase with the total phenolic desag
(Fig. 9) which may be a reflection of increase iremll
extract dosage rather than phenolics. When ACE-
inhibition activity of the extracts from rosemanAland

except oregano extract which had higher inhibitorylemon balm were compared at the same phelevi,



Oregano, mint, rosemary, sage and lemon balm aadagement of diabetes and hypertension 113

2.500
B Water Ext.
OEtOH(12%) Ext.
2.000
£ 1.500
S
I
c
o
3]
i)
o
o 1.000
0.500 - —
0.000 - T T

LA RoOK-2 Ro-6 Lemon balm Sage Chocolate mint Go-19-2

Figure 3. Antioxidant protection factor of water and 12%agtol extracts of clonal herbs of Lamiaceae family
measured b-carotene-linoleic acid assay (LA; rosemary, RoKe&gemary, Ro-6; rosemary, Go-19-2; oregano).
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Figure4. a-Glucosidase inhibitory activity of standard phec®ht different pH (at constant phenolic 1Q@@mI)



114 YI Kwon, DA Vattem and K Shetty

100

B Water Ext.

90 1 | 012 % Ethanol Ext.

80 -

70 1

60 1

50 1

% Inhibition

40 A

30 4

20 A

10 A

LA RoK-2 Ro-6 Lemon balm Sage Chocolate mint Go-19-2

Figure 5. o-Glucosidase inhibitory activities of water and 12%hanol extracts of clonal herbs loimiaceas
family (LA; rosemary, RoK-2; rosemary, Ro-6; rosemads0-19-2; oregano).
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Figure 6. Dose dependent changes drGlucosidase inhibitory activity ofvater extracts of clonal herbs
Lamiaceae family (LA; rosemary, RoK-2; rosemary-BRaosemary, Go-19-2; oreganm/ml total phenolics).
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Figure 7. Dose dependent changesui@Glucosidase inhibitory activity of 12% ethar@ltracts of clonal herbs
Lamiaceae family (LA; rosemary, RoK-2; rosemarg;& rosemary, Go-19-2; oregang/ml total phenolics).
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Figure 8. ACE-I inhibitory activity of standard phenolicsdifferent pH (at constant phenolic 10pg/ml)
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Figure 9. ACE-I inhibitory activity of water and 12% ethanctteacts of clonal herbs of Lamiaceae family (LAsemary,
RoK-2; rosemary, Ro-6; rosemary, Go-19-2; oregarach eamples; 1.0 mg/ml total phenolics, Oregartbngy/ml)
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Figure 10. Dose dependent changes in ACE-I inhibitory actigfywater extracts of clonal herbs of Lamiaceae fami
(ng/ml total phenolics).

both extracts inhibited the ACE activity at a tataluble Conclusion

phenolics concentration 106/ml (Fig. 9). The major phenolic components of the Lamiaceaelyami
Dose dependent analysis showed that rosemary I_01‘ herbs: rosmarinic acid, caffeic acid, protochtec

had the most potent ACE inhibitory activity (Fig)10 acid, rgsveratrol, catechin, c_atechol, coumaria amd
The ACE inhibitory activities of rosemary RoK-2 and quercetin had strong-glucosidase (EC 3.2.1.20) inhi-

oregano extracts were similar at a total solublenpkic b.itor.y. activity. Resygratrol ar_1d_ coumaric; acidoahad
concentration of 100, 500 and 10@dml which indicates S|gn|f|cant_ ACE |nh|b|tqry activity. - Lamiaceae fa.i;n
that there may be other soluble factors linked OEA has good inhibitory Pr‘?f"e on carbohydrate degngdzn- .
inhibitory activity. The lack of correlation of ¢ehACE ~ 2YME such am-glucos?ase related 1o carbohydratfa di-
inhibitory activity of the samples with phenolicrdent in gestion. Water and 12% ethanol extracts from Laezia

this assay may suggest these differences coulahimity family had no inhibitory effect against ta-amylase.

be due to phenolics that were not detected by HBWLIG Strong inhibition ofa-glucosidase could be potentially
non phenolic compounds which may be important facto uged as effecuve therapy for postpra_ndlal .hypelsgiya
in contributing to the total ACE inhibitory actiyit with less side-effects such as abdominal distenfiatu-

lence, meteorism and possibly diarrhea caused dogxh
cessive inhibition of pancreaticamylase, which results
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in the abnormal bacterial fermentation of undigéste 16.
carbohydrates in the colon. Among all the extrastter
extracts from rosemary LA and lemon balm showed
strong ACE-inhibitory activity. Control of hypertsion

via modulation of angiotensin I-converting enzyme
(ACE) by dietary anti-hypertensive agents could dve
important strategy to manage hypertension whichrisk ;o
factor for CVD and often results from long-term luktes
mellitus. Based on these results two clonal hérbs
Lamiaceae family, rosemary LA and lemon balm hénee t 19,
potential development of effective dietary stratefgy
postprandial hyperglycemia and hypertension linked
diabetes mellitus and associated cardiovasculaensés.
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