Natural Product Sciences
17(4) : 363-366 (2011)

Analysis of the Components of Guibitang and Fermented Guibi-tang
and their Ability to Inhibit Angiotensin-converting Enzyme
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Abstract — Guibi-tang is a traditional medicine used for the treatment of colds. We investigated the levels of
several compounds in Guibi-tang before and after fermentation with Lactobacillus and tested their ability to
inhibit angiotensin-converting enzyme. Six known compounds (decursin, decursinol angelate, nodakenin,
liquiritin, formononetin, and 6-gingerol) and 2 unidentified compounds were detected in Guibi-tang (GB) and
fermented Guibi-tang (FGB) by an established HPLC-DAD method. The levels of the 6 known compounds were
decreased after fermentation. FGB showed more potent inhibition of angiotensin-converting enzyme activity than
GB. In conclusion, fermentation with Lactobacillus affects the content of several compounds in GB and improves

its angiotensin-converting enzyme inhibitory activity.
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Introduction

Hypertension is a multifactorial process and is a risk
factor or complication in many diseases, including
cardiovascular disease, renal disease, and diabetes.
Angiotensin-converting enzyme (ACE; peptidyldipeptide
hydrolase EC 3.4.15.1) is a zinc-containing enzyme that
plays an important physiological role in regulating blood
pressure. This enzyme increases blood pressure by
hydrolyzing the decapeptide angiotensin I to angiotensin
II. The latter is a potent vasoconstrictor that stimulates the
secretion of aldosterone. In turn, aldosterone promotes
sodium and water retention in the kidneys and thus
increases arterial pressure. ACE also catalyzes the
degradation of the vasodilator bradykinin, further contri-
buting to high blood pressure (Erdos, 1975; Hernandez-
Ledesma et al, 2003; Skeggs et al, 1956). Thus, inhibition
of ACE activity has an overall anti-hypertensive effect.

Guibi-tang (GB) is a multi-herbal traditional Korean
medicine that has been used for several hundred years to
treat amnesia, poor memory or forgetfulness, fatigue,
insomnia, anemia, palpitations, and neurosis. GB is
composed of 12 herbs: Angelica gigas Nakai, Dimocarpus
longan Lour, Zizyphus jujuba Miller, Polygala tenuifolia
Willdenow, Panax ginseng C. A. Meyer, Astragallus
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membranaceus Bunge, Atractylodes macrocephala
Koidzumi, Pachyma hoelen Rumph, Aucklandia lappa
Decne, Poria cocos Wolf, Glycyrrhiza uralensis Fischer,
and Zingiber officinale Roscoe.

Bioconversion such as fermentation can maximize
absorption of the active components from herbs as well as
increase their bioactivity. Research on the effect of
fermentation with microorganisms on the quality and
efficacy of medicinal herbs was conducted recently (Kim
et al, 2009; Doh et al, 2010; Hyon et al, 2009).

In this study, we fermented GB with Lactobacillus,
which is widely used as a food material. Lactobacillus is
known to inhibit the growth of some harmful bacteria by
the production of lactic acid, and it has therapeutic effects,
including anti-inflammatory and anti-cancer activities
(Chen et al, 2009; Goldin, 1998). To determine the
changes in levels of compounds in Guibi-tang after
fermentation, 6 marker compounds, decursin (Angelica
gigas Nakai), decursinol angelate (Angelica gigas Nakai),
nodakenin (Angelica gigas Nakai), formononetin
(Glycyrrhiza uralensis Fischer), 6-gingerol (Zingiber
officinale Roscoe), and liquiritin (Glycyrrhiza uralensis
Fischer) were studied (Fig. 1). Amounts of the 6 marker
compounds in Guibi-tang (GB) and fermented Guibi-tang
(FGB) were measured by an established HPLC-DAD
method. In addition, the effect of GB and FGB on ACE
activity was evaluated.
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Fig. 1. Chemical structures of 6 constituents in GB.

Experimental

Materials and reagents — Samples of GB powder (3.0
g) were obtained from the Korea Institute of Oriental
Medicine. HPLC grade solvents (water and acetonitrile)
were purchased from J.T. Baker (USA). The compounds
decursin, decursinol angelate, nodakenin and 6-gingerol
were purchased from the Korea Food & Drug
Administration. Liquiritin was purchased from Wako
(Japan), and formononetin was purchased from Sigma-
Aldrich (USA). The purities of the 6 standard compounds
were greater than 98%. ACE (1 U/ml, rabbit lung) and N-
Hippuryl-His-Leu (8.33 mM) were purchased from
Sigma-Aldrich (USA).

Fermentation of Guibi-tang — The bacterial strain,
Lactobacillus curvatus KFRI 166 was obtained from the
Korea Food Research Institute (KFRI, Korea). The test
organism was transferred into MRS broth for
Lactobacillus spp. and grown at 37°C for 24 h. The
activated culture was then inoculated into the broth under
the same conditions. The culture was diluted to obtain an
initial population of 1-5x107 CFU/ml and was
designated as the inoculum. A GB water extract was used
as the culture media for fermentation after adjusting the
pH to 7.0 using 1 M NaOH and autoclaving for 15 min at
121 °C. After cooling, 750 ml of GB was combined with
7.5 ml of the Lactobacillus inoculum described above.
This was incubated at 37 °C for 48 h. A powder of the
fermented GB culture was prepared by freeze-drying.

Preparation of samples — Powders of GB (50 mg) and
FGB (50 mg) were weighed accurately and dissolved in 1
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ml of water. The samples were stored at 4 °C and filtered
through a 0.45 pm membrane filter before analysis by
HPLC or by bioassay.

Analysis of compounds in GB and FGB — Our HPLC
system was an Elite Lachrom HPLC system (Hitachi
High-Technologies Co., Tokyo, Japan) equipped with a
pump (L-2130), an auto sampler (L-2200), a column oven
(L-2350) and a diode array UV/VIS detector (L-2455).
System control and data analyses were executed by
EZchrom Elite software (version 3.3.1a). The analysis of
compounds in the GB and FGB samples was conducted
using a HECTOR C18 column (5 pm, 4.60 mm L.D. x
250 mm) at 40°C. The mobile phase consisted of
acetonitrile (A) and water (B) at a flow rate of 1 ml/min.
The mobile phase was a gradient of solvent A and solvent
B as follows; 0 - 10 min, 1% A; 10 - 70 min, 50% A; 70 -
80 min, 50 - 100% A; 80 -90min, 100% A. The DAD
detector UV wavelength was set at 203 nm according to
the maximal UV absorption of 6 compounds: decursin,
decursinol angelate, nodakenin, 6-gingerol, liquiritin and
formononetin. The sample injection volume was 20 ml.

Assay for inhibition of ACE activity — ACE activity
was assayed by the method of Cushman and Cheung
(Cushman and Cheung, 1971) with minor modifications.
Briefly, solutions of ACE (8 mU), test sample (0 - 5.0 mg
extract/ml) and the ACE substrate, N-Hippuryl-His-Leu
were prepared in a borate buffer (100 mM, pH 8.3)
containing 0.3 M NaCl. A 50 ul aliquot of ACE solution
was pre-incubated with various quantities of GB or FGB
in a final volume of 100 ul at 37°C for 10 min. The
mixture was then added to 150 ul of N-Hippuryl-His-Leu
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Table 1. Comparison of 6 compounds from GB and FGB
Content (pg/mg)
Sample - - ——
Decursin Decursinol angelate Nodakenin Formononetin 6-gingerol Liquiritin
GB 0.099 £ 0.004 0.286 £ 0.01 1.907 £0.032 0.072+£0.014 0.096 £ 0.021 0.967 £0.015
FGB 0.02 £ 0.002 0.012 £ 0.004 1.893 £ 0.226 0.047 £ 0.003 0.087+£0.010 0.951 £0.052

solution and incubated for a further 60 min at 37 °C. The
reaction was stopped by adding 250 pl of 1 N HCI. The
sample was mixed with 1.5 mL ethyl acetate to extract
hippuric acid, and then centrifuged to separate the ethyl
acetate layer. One milliliter of the ethyl acetate layer was
then evaporated. The residue was redissolved in distilled
water and the amount of extracted hippuric acid was
measured by absorbance at 228 nm. The ICs, for each
agent's ability to inhibit ACE activity was calculated as
the concentration of test sample that inhibited 50% of
ACE activity under the experimental conditions. Inhibition
of ACE activity was calculated according to the following
equation:

Inhibition (%) =[1 — (Sa — Sb) / C] x 100

where Sa = absorbance of the sample, Sb = absorbance of
the blank, and C = absorbance of the control reaction.

Results and discussion

Analysis of compounds in GB and FGB -To
determine the effect of fermentation on the concentration
of compounds in GB, the 6 compounds of interest -
decursin, decursinol angelate, nodakenin, liquiritin,
formononetin, and 6-gingerol - were analyzed by HPLC
DAD. All compounds were decreased in FGB compared
to their levels in GB, with decursin, decursinol angelate,
nodakenin, liquiritin, formononetin, and 6-gingerol being
decreased by 79.8%, 95.8%, 0.7%, 1.7%, 34.7% and
9.4%, respectively (Table 1). As shown in Table 2, the
peak areas of 2 unknown compounds present in GB, (1)
and (2), were increased by fermentation. (Fig. 2.)

ACE inhibitory activity of GB and FGB-
Fermentation of GB resulted in increased inhibition of
ACE activity compared with GB, with 1Csy values of
1.729 and 1.011 mg/ml for GB and FGB, respectively
(Table 3). Herbal medicines have been used to treat
various diseases in Asian countries, and one of these
medicines, Guibi-tang is well known for its beneficial
effect on cardiovascular disease. Biotransformed GB
agents were produced by fermentation with Lactobacillu
curvatus KFRI 166 to search for metabolites that showed
increased biological activity. We hypothesized that some

Fig. 2. HPLC chromatograms of GB (1) and FGB (2). (A =203
nm, B =254 nm, C =300 nm).

metabolites in biotransformed GB might show anti-
hypertensive effects through modification of their
chemical structures. The increased anti-hypertensive effect
of biotransformed GB was observed by demonstrating
angiotensin-converting enzyme inhibitory activity.

In this study, the amounts of decursin, decursinol
angelate, nodakenin, liquiritin, formononetin and 6-
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Table 2. Comparison of peak areas of unknown compounds (1)
and (2) in GB and FGB

Peak area
Sample
Peak 1 Peak 2
GB 2257929 7881918
FGB 4552943 9639919

Table 3. Effects of GB and FGB on angiotensin-converting enzyme
activity

Sample ICsp (mg/ml)
GB 1.729
FGB 1.011

gingerol in GB and FGB were analyzed. The concen-
trations of these 6 known compounds and 2 unknown
compounds (1 and 2) which were altered during
fermentation were determined. Meanwhile, the angiotensin-
converting enzyme inhibitory effect became stronger.

In conclusion, we demonstrated that the angiotensin-
converting enzyme inhibitory activity of Guibi-tang can
be enhanced through fermentation. Further research on
converted compounds and newly identified compounds
by fermentation and bioactivity of fermented herbal
medicines is now required.

Acknowledgments

This research was supported by a grant [K09040] from
the Korea Institute of Oriental Medicine.

Natural Product Sciences

References

Erdos, E.G, Angiotensin-converting enzyme. Circul. Res. 36, 247-255
(1975).

Hernaidndez-Ledesma, B., Martidn-Adlvarez, PJ., and Pueyo, E.,
Assessment of the spect-rophotometric method for determination of
angiotensin-converting-enzyme activity: influence of the inhibition
type. J. Agricul. Food Chem. 51, 4175-4179 (2003).

Skeggs, I.T., Kahan, J.E., and Sumway, N.P., The preparation and
function of the angiotensin-converting enzyme. J. Experimet. Med.
103, 295-299 (1956).

Kim, J.-H., Lee, W.-J., Cho, Y.-W., and Kim. K.-Y., Storage-life and
palatability extension of Betula platyphylla Sap using lactic acid
bacteria fermentation. J. Kor. Soc. Food Sci. Nutr. 38(6), 787-794
(2009).

Doh, E.S., Chang, J.P., Lee, K.H., and Seong, N.S., Ginsenoside change
and antioxidation activity of fermented ginseng. Kor. J. Med. Crop
Sci. 18(4), 255-266 (2010).

Hyon, J.-S., Kang, S.-My., Han, S.-W., Kang, M.-C., Oh, M.-C., Oh, C.-
K., and Kim, D.-W., Jeon, Y.-J.,, and Kim, S.-H., Flavonoid
Component changes and antioxidant activities of fermented Citrus
grandis Osbeck Peel. J. Kor: Soc. Food Sci. Nutr. 38(10), 1310-1316
(2009).

Chen, X., Fruehauf, J., Goldsmith, J.D., Xu, H., Katchar, K.K., Koon,
H.W., Zhao, D., Kokkotou, E.G.,, Pothoulakis, C., and Kelly, C.P.,
Saccharomyces boulardii inhibits EGF receptor signaling and
intestinal tumor growth in Apc(min) mice. Gastroenterol. 137(3), 914-
923 (2009).

Goldin, B.R., Health benefits of probiotics. Br: J. Nutr. 80, 203-207
(1998).

Cushman, D.W. and Cheung, H.S., Spectrometric assay and properties of
angiotensin-converting enzyme of rabbit lung. Biochem. Pharmacol.
20, 1637-1648 (1971).

Received September 18, 2011
Revised November 25, 2011
Accepted November 28, 2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


