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Summary  Glycation, a non-enzymatic glycosylation of  proteins, induces tissue damage in 
association with various diseases and aging phenomena. Pentosidine, an advanced glycation 
end product, is involved in aging phenomena such as tissue stiffness. In this study, we aimed 
to find a potent anti-glycation food material and to verify its health benefits by clinical trial. 
From among 681 hot water plant extracts, lemon balm (Melissa officinalis; LB) leaf  extract 
was selected and revealed to have more potent inhibitory activity for pentosidine formation 
than a representative anti-glycation agent, aminoguanidine. Rosmarinic acid (RA), a typical 
polyphenol in Lamiaceae plants, was identified as a major active component in LB extract 
(LBE). Furthermore, LBE or RA dose-dependently suppressed glycation-associated reactions 
such as increased fluorescence, yellowing of  collagen fiber sheets, and degeneration of  the 
fibrous structure of  elastin fiber sheets. An open-label, parallel-group comparative trial was 
conducted in 28 healthy Japanese subjects aged 31–65 y who consumed LB tea (LB group) 
or barley tea (Control group) for 6 wk. The LB group showed significant reductions in bra-
chial–ankle pulse wave velocity, reflecting arterial stiffness, and b* (yellow) color values in 
forearm skin compared with the Control group. A gender-stratified analysis revealed that 
cheek skin elasticity was significantly improved in the LB group compared with the Con-
trol group only in female subjects. It is concluded that the hot water extract of  LB leaf  has 
the potential to provide health benefits with regard to glycation-associated tissue damage in 
blood vessels and skin of  healthy adults.
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Glycation, the non-enzymatic glycosylation of  pro-
teins, is known to be involved in the onset of  various 
diseases and conditions of  aging. The substances gener-
ated by this reaction are known as advanced glycation 
endproducts (AGEs). Since the tissue contents of  AGEs 
in diabetic patients (1, 2) and diabetic animals (3) are 
known to be much higher than in their healthy coun-
terparts, AGEs are considered to be involved in the pro-
gression of  complications of  diabetes such as diabetic 
nephropathy (4) and cataracts (5). Involvement of  the 
accumulation of  AGEs in cardiovascular diseases (6, 7) 
and Alzheimer’s disease (8) has also been reported.

However, the stiffness of  tissues such as arteries and 
skin is known to increase with age (9, 10) and is espe-
cially high in patients with diabetes compared to healthy 
subjects (9, 11). Pentosidine, one of  the crosslinking 
AGEs, has a structure in which the lysine and arginine 
residues of  tissue protein are cross-linked by a pentose 
such as ribose (12). It has been reported that pentosi-
dine content increases with age (2, 9, 12) and positively 
correlates with the degree of  tissue stiffness (7, 13, 14). 
One of  the causes of  the deterioration of  tissue elastic-
ity in elderly or diabetic patients is considered to be the 
accumulation of  crosslinking AGEs such as pentosidine 
(7, 12), which generates an intermolecular cross-linked 

structure in extracellular proteins, such as collagen and 
elastin, which are abundant in blood vessels and skin.

The detailed effects of  glycation on the structure of  
elastin and collagen fibers in vivo have not yet been fully 
clarified; however, degeneration and weakening of  gly-
cated artificial elastin fibers in vitro have been reported 
(15). In addition, increases in yellowish deposits in the 
glycated protein have been reported (16), suggesting 
that yellowing skin with aging might be based partly on 
glycation (17). Thus materials with anti-glycation activ-
ity are expected to be candidates for functional foods 
with health benefits with regard to glycation-associated 
tissue damage and symptoms in blood vessels and skin.

In this study, we aimed to identify plant extracts with 
potent inhibition of  pentosidine formation. We also 
identified active components in lemon balm (Melissa 
officinalis; LB), the selected extract, and evaluated the 
effects on glycation-associated reactions in collagen and 
elastin fiber sheets. Finally, we verified the beneficial 
effects of  LB on arterial stiffness, skin conditions, and 
blood hematological and biochemical parameters in an 
open-label, parallel-group comparative trial. Although 
beneficial effects on cognitive function in clinical trials 
(18) and psychological stress in an animal model (19) 
have been previously reported as physiological activities 
of  LB oral intake, this is the first human trial to examine 
the influence of  LB intake on blood vessels and skin.* To whom correspondence should be addressed.
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MATERIALS AND METHODS

In vitro studies
Materials.  The following materials were purchased: 

d-fructose, l-lysine hydrochloride, and l-arginine hydro-
chloride (Wako Pure Chemical Industries, Ltd., Osaka, 
Japan), d-ribose (Nacalai Tesque, Inc., Kyoto, Japan), 
pentosidine (Fushimi Pharmaceutical Co., Ltd., Kagawa, 
Japan), aminoguanidine hydrochloride (AG), rosmarinic 
acid (RA) and caffeic acid (Sigma-Aldrich Japan, Tokyo, 
Japan), salvianic acid A (Carbosynth Ltd., Compton, 
UK), glutaraldehyde (Merck Millipore, Billerica, MA), 
collagen fiber sheets (Nippi, Inc., Tokyo, Japan), and 
elastin fiber sheets (Extra Cellular Matrix Laboratories 
Ltd., Mie, Japan). Melitric acid A was isolated from the 
LB leaf  extract (LBE) using the high performance liquid 
chromatography (HPLC) methodology described below, 
and the purity was determined as 61.1% by quantita-
tive-nuclear magnetic resonance (NMR) (20).

Preparation of  plant extracts.  A total of  681 plant 
extracts were prepared for screening by boiling in 20 
times the volume of  deionized water (w/v) at 90˚C for 
30 min. Extracts were then filtered with sterilized gauze, 
lyophilized, and powdered.

Anti-glycation activity.  First, anti-glycation activ-
ity was assayed according to the in vitro bovine serum 
albumin-fructose model reported by Yamaguchi et al. 
(21) with some modifications. The selected candidate 
samples were subjected to a pentosidine inhibition assay 
using an HPLC system (Alliance 2695, Waters, MA), 
and the half  maximal inhibitory concentration (IC50) 
was calculated from the dose-dependent curve. The sam-
ple solutions were prepared by dissolving the lyophilized 
samples in distilled water, and incubated with a mixture 
of  10 mm l-lysine, 10 mm l-arginine, and 10 mm ribose 
in 20 mm phosphate buffer (pH 7.4) at 60˚C for 24 h. 
AG solution was used as a positive control. The HPLC 
analysis was carried out using a TSK-GEL ODS-80TM 
column (4.6 mm i.d.3150 mm, 5 mm) (Tosoh Corp., 
Tokyo, Japan) at 40˚C, eluted with 3% acetonitrile 
in 0.1% trifluoroacetic acid solution at a flow rate of  
1.0 mL/min. The fluorescence intensity was monitored 
at an excitation wavelength (Ex) of  305 nm and emis-
sion wavelength (Em) of  370 nm (RF-535 fluorescent 
detector; Shimadzu Corp., Kyoto, Japan). The inhibition 
rate for pentosidine formation was calculated according 
to the following formula.

Inhibition rate (%)5(PENT [V]2PENT [S])/PENT [V]3100, 
where PENT [V] is the pentosidine concentration in the 
reactant with vehicle, and PENT [S] is the pentosidine 
concentration in the reactant with sample solution.

Identification and quantification of  active components.  
Active components in the LBE were identified using 
HPLC (Alliance 2695), liquid chromatography/mass 
spectrometry (LC/MS) (Alliance 2695/ZQ 4000; Waters) 
and NMR (JNM-ECA500; JEOL Ltd., Tokyo, Japan). Their 
contents in the extract were quantified using an HPLC 
system with an Ascentis RP-Amide column (4.6 mm 
i.d.3150 mm, 5 mm) (Supelco, Bellefonte, PA) at 35˚C, 
eluted with the following linear gradient conditions 

with solvents A and B at a flow rate of  1.0 mL/min, and 
monitoring at 280 nm (2996 photo diode array detec-
tor; Waters). Solvent A was 0.1% formic acid solution, 
and solvent B was acetonitrile. After an initial hold of  
5 min, the percentage of  solvent B was increased lin-
early from 9% to 40% over 12 min, from 40% to 80% 
over 3 min, from 80% to 95% over 3 min (total run time 
23 min), and then back to the initial condition of  9%.

Evaluation of  the glycation-induced changes in the fibrous 
structure of  elastin fiber sheets.  Elastin fiber sheets were 
incubated with a mixture of  0.05 m ribose and test sam-
ple in 100 mm phosphate buffer (pH 7.4) at 37˚C for 
2 wk. The incubated sheets were fixed with 2.5% glutar-
aldehyde and dried using a critical point drying system 
(Leica EM CPD300; Leica Microsystems Japan, Tokyo, 
Japan). The dried sheets were coated with osmium using 
an osmium plasma coater (HPC-20; Vacuum Device 
Ltd., Ibaraki, Japan) and observed at 5 kV accelerating 
voltage using a scanning electron microscope (SEM) 
(JSM-6000 NeoScopeTM; JEOL Ltd.). To evaluate the 
curvature in the SEM images, the arc length and chord 
length of  each elastin fiber were measured using a BZ 
Analyzer (Keyence Corp., Osaka, Japan) (22). The cur-
vature value was defined as: (arc length2chord length)/
chord length. To calculate the curvature values, 20 
fibers were randomly selected from each SEM image and 
analyzed under blind conditions. A portion of  the incu-
bated sheet was lyophilized, then lysed in 0.1 n NaOH 
at 95˚C, and the fluorescence intensity of  the lysate (Ex 
370 nm/Em 440 nm) was measured using a fluores-
cence microplate reader (SpectraMax® Gemini; Nihon 
Molecular Devices Co., Ltd., Tokyo, Japan) to determine 
the amount of  AGEs.

Evaluation of  the glycation-induced coloration of  colla-
gen fiber sheets.  Collagen fiber sheets were incubated 
with a mixture of  0.4 m ribose and the test sample in 
100 mm phosphate buffer (pH 7.4) at 37˚C for 1 wk. 
The incubated sheets were decolorized with 100 mm 
HCl/acetone solution at 25˚C for 30 min to remove the 
colored material derived from the test sample. Then,  
a* (red), b* (yellow), and L* (brightness) color values 
were measured using a spectrophotometer (CM-2600d; 
Konica Minolta, Tokyo, Japan). The fluorescence inten-
sity of  the sheet lysate was measured by the same 
method as that used for the elastin fiber sheet.
Clinical trial

Subjects.  This trial was approved by the Ethics Com-
mittee of  Yakult Central Institute (No. 114 in 2010) and 
performed in compliance with the principles of  the Dec-
laration of  Helsinki. Before enrollment, the purpose and 
methods of  the trial were explained to the subjects, and 
written informed consent was obtained. Twenty-eight 
healthy Japanese subjects (14 males and 14 females) 
aged 31–64 y were enrolled. Exclusion criteria were; i) 
age under 29 y; ii) use of  antihypertensive, cholesterol-
lowering, or anti-diabetes agents, or thyroid hormones; 
iii) pregnancy or desire to become pregnant; and iv) 
lactation. During the trial, subjects complied with the 
dietary restrictions to avoid the intake of  herbal teas and 
herbal supplements other than the designated sample 
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tea, with no changes in their lifestyles with regard to 
diet and exercise.

Test beverages.  Test beverages were prepared daily 
by subjects themselves as follows. First, 3.3 g dried LB 
leaves (Charis Seijyo Co., Ltd., Tokyo, Japan) or barley 
tea grains (Nihon Seibaku Co., Ltd., Kanagawa, Japan) 
were packed in non-woven fabric bags and extracted for 
5 min in 200 mL hot water (about 95˚C), then the tea 
was drunk. Table 1 shows the compositions of  these test 
beverages. The measurements of  nutrient components 
were carried out by Japan Food Research Laboratories 
(Tokyo, Japan). Total polyphenols were evaluated by the 
ferrous tartrate method (23). The results were expressed 
as gallic acid equivalent. RA was quantified by the HPLC 
method described above.

Protocol.  An open-label, parallel-group comparative 

trial was conducted from late October to early December 
in 2010. The test period was composed of  the pre-intake 
period of  1 wk and the intake period of  6 wk. Brachial–
ankle pulse wave velocity (baPWV), blood pressure, skin 
elasticity, skin color, and hematological and biochemi-
cal parameters in the pre-intake period were measured 
(baseline data). The subjects were randomly allocated to 
the LB group drinking LB tea and Control group drink-
ing barley tea (n514 in each group) by a researcher 
who was not involved in the measurement or statistical 
analysis of  this study. There was no bias in terms of  sex, 
age, body weight, baPWV, systolic blood pressure, or dia-
stolic blood pressure. During the 6-wk intake period, the 
subjects ingested 200 mL of  the designated sample tea 
once a day (no specified time). The baPWV, blood pres-
sure, skin elasticity, skin color, and blood parameters on 
the day after the last day of  the intake period were also 
measured.

Diary.  During the trial, the daily intake of  test bever-
age and any adverse events were recorded in a diary by 
subjects every day, in order to check the compliance rate 
of  intake and evaluate the adverse effects. Medications, 
hospital visits, and alcohol intakes were also recorded in 
the diary by subjects.

Measurements.  After resting for 15 min in the exam-
ination room under constant temperature (2561˚C) 
and humidity (5065%), baPWV and brachial blood 
pressure were measured using Form PWV/ABI (Colin 
Corp., Tokyo, Japan).

The skin elasticity of  the left cheek was measured 
using Cutometer® MPA 580 (Courage and Khazaka 
Electronic GmbH, Cologne, Germany), equipped with a 
hand-held probe of  6 mm bore diameter. Initially the 
cheek skin was sucked inward by applying 200 mbar of  
negative pressure, then held for 1.0 s, and subsequently 

Table  2.  IC50 values for pentosidine formation in the selected plant extracts.

Species Scientific name Family Part of  plant IC50 (mg/mL)

Gambier Uncaria gambir Rubiaceae Root 0.17
Yerba mate Ilex paraguayensis Aquifoliaceae Leaf 0.18
Betel palm Areca catechu Arecaceae Seed 0.20
Evergreen wisteria Millettia reticulata Leguminosae Tendril 0.21
Onion Allium cepa Liliaceae Skin 0.21
Lemon balm Melissa officinalis Lamiaceae Leaf 0.24
Rhubarb Rheum officinale Polygonaceae Rhizome 0.24
White birch Betula platyphylla Betulaceae Bark 0.24
Rosemary Rosmarinus officinalis Lamiaceae Leaf 0.26
Prince’s feather Polygoni orientalis Polygonaceae Seed 0.26
Cat’s whiskers Orthosiphon stamineus Lamiaceae Leaf 0.27
Thyme Thymus vulgaris Lamiaceae Leaf  and stem 0.27
Arjuna Terminalia arjuna Combretaceae Stem 0.29
Bilberry Vaccinium myrtillus Ericaceae Leaf 0.29
Tea plant (green tea) Camellia sinensis Theaceae Leaf 0.29
Common tormentil Potentilla erecta Rosaceae Root 0.30
Witch hazel Hamamelis virginiana Hamamelidaceae Bark 0.30
AG — — — 0.30
Banaba Lagerstroemia speciosa Lythraceae Leaf 0.33
Guava Psidium guajav Myrtaceae Leaf 0.33
Tea plant (Nilgiri tea) Camellia sinensis Theaceae Leaf 0.33
Sweet tea Rubus suavissimus Rosaceae Leaf 0.35

Table  1.  Compositions of  the test beverages (/100 g).

Barley tea LB tea

Energy (kcal) 0 2
Protein (g) ,0.1 ,0.1
Fat (g) ,0.1 ,0.1
Carbohydrate (g) 0.1 0.5
Dietary fiber (g) ,0.1 ,0.1
Ash (g) ,0.1 ,0.1
Sodium (mg) ,1.0 ,1.0
Vitamin C (mg) ,1.0 ,1.0
Total polyphenols (mg) 1.17 84.5
RA (mg) 0 61.9

Total polyphenols were evaluated by the ferrous tar-
trate method (23). The results were expressed as gallic 
acid equivalent. RA was quantified by the HPLC method 
described in context.
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relaxed for 1.0 s. The following elastic parameters were 
used for the evaluation of  elasticity: gross elasticity 
(R2), net elasticity (R5), and the ratio of  elastic recov-
ery to the total deformation (R7). These parameters 
are known to be important indicators of  skin elastic 
changes with aging (24). The forearm skin colors were 
measured using a CM-2600d to determine a* (red), b* 
(yellow), and L* (brightness) color values.

Hematological and biochemical measurements.  Serum 
samples were prepared from blood collected after over-
night fasting. The measurements of  whole blood hema-
tological parameters and serum biochemical param-
eters were carried out by Mitsubishi Chemical Medience 
Co. (Tokyo, Japan). Hemoglobin A1c (HbA1c) was mea-
sured using a DCA 2000 Analyzer (Bayer Diagnostics, 
Tarrytown, NY). LDL-cholesterol level was calculated 
from the levels of  total cholesterol, HDL-cholesterol, and 
triglycerides using the Friedewald formula (25).

Statistical analysis.  The data are presented as 
mean6SD. All data were analyzed with SAS preclinical 
package ver. 5.0 (SAS Institute Japan, Tokyo, Japan). In 
the in vitro study, Student’s t-test or Welch’s t-test was 
used after an F-test to compare the differences between 
two groups. Dunnett’s test or Steel’s test was adopted 
after Bartlett’s test for multiple comparison among sev-
eral groups. In the clinical trial, the following methods 
were employed to assess between-group differences. 
Non-normally distributed data certified by the Shapiro-
Wilk test were analyzed using the Wilcoxon rank-sum 
test. Student’s t-test or Welch’s t-test was adopted for 
normally distributed data after an F-test. A paired t-test 
was applied for intra-group comparison before and after 
treatment. The frequency of  adverse events was ana-
lyzed with Fisher’s exact test. Correlation was evaluated 
by Pearson’s correlation analysis. Two-sided p-values 
below 0.05 were considered to be statistically significant.

RESULTS

Screening of  plant extracts with anti-glycation activity
Table 2 shows the IC50 values for pentosidine for-

mation of  the 21 candidates selected from 681 plant 
extracts. Among these, four species were Lamiaceae and 
17 species exhibited higher activity than AG, an anti-
glycation agent. LB was selected from these candidate 
plants considering its safety, taste, stability of  supply and 
adaptability to beverage.

Table  3.  Contents of  polyphenols in LB leaf  and the 
IC50 values for pentosidine formation.

Contents in LB 
(mg/g dry leaves)

IC50 (mm)

RA 22.7 0.34
Melitric acid A 7.5 0.38
Salvianic acid A 3.3 0.16
Caffeic acid 0.6 0.48
AG — 2.71

Fig.  1.  The effects of  LBE on glycation and the curvature of  the fibrous structure of  elastin fiber sheets. Elastin fiber sheets 
were incubated with 0.05 m ribose in 100 mm phosphate buffer (pH 7.4) together with LBE at 37˚C for 2 wk. BL: Blank 
(elastin fiber sheets incubated only in 100 mm phosphate buffer (pH 7.4)), Cont: Control (elastin fiber sheets incubated 
with only 0.05 m ribose in 100 mm phosphate buffer (pH 7.4)). (A) Fluorescence (Ex 370 nm/Em 440 nm) intensity 
reflecting the amount of  AGEs. Data show mean6SD (n54). (B) Curvature values. Data show mean6SD (n512). (C) SEM 
images. ** p,0.01 vs. Control (Student’s t-test), ## p,0.01 vs. Control (Welch’s t-test), † p,0.05, †† p,0.01 vs. Control 
(Dunnett’s test), ‡ p,0.05, ‡‡ p,0.01 vs. Control (Steel’s test).
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Identification and quantification of  the active components in 
LBE

LBE was fractionated to identify the active compo-
nents, and high activity was detected in the polyphenol 
fraction. Separation of  the major polyphenols in LBE 
was established using the HPLC system with a gradient 
method as described in “Materials and Methods.” The 
major polyphenols were eluted at 4.5 min, 12.9 min, 
17.3 min, and 22.0 min, and were identified as salvi-
anic acid A, caffeic acid, RA, and melitric acid A, respec-
tively. Table 3 shows the contents of  these polyphenols 
in LB leaf  and their IC50 values for anti-glycation activ-
ity on a molar basis. All these polyphenols had higher 
activity than AG. Among them, RA was most abundant, 
suggesting that this polyphenol may be a major active 
component in LBE.
Effect on the fibrous structure of  elastin fiber sheet

LBE dose-dependently inhibited the increase in fluo-
rescence intensities reflecting the amount of  AGEs (Fig. 
1A) and the curved fibrous structures (Fig. 1B and C) 
induced by incubation with ribose. The ribose-induced 
increases in curvature were significantly suppressed by 
co-incubation with LBE at a final concentration of  more 
than 2.2 mg/mL (Fig. 1B).
Effect on the coloration of  collagen fiber sheet

As shown in Fig. 2, the fluorescence intensities and 
the b* (yellow) color values of  collagen fiber sheets were 

increased by reaction with ribose, and these increases 
were suppressed by co-incubation with RA in a con-
centration-dependent manner. The a* (red) color values 
were also increased by reaction with ribose, and these 
increases were suppressed by co-incubation with RA. 
The L* (brightness) color values were decreased by reac-
tion with ribose, and these decreases were suppressed by 
co-incubation with RA.
Compliance and exclusion of  subjects in the clinical trial

The sample intake rates were 100% in the Control 
group and 99.5% in the LB group. No subject took con-
traindicated drugs, and there was no between-group dif-
ference in the frequency of  drug or alcohol intakes. Two 
subjects in the LB group were excluded from statistical 
analysis, because of  health problems (chronic stomach-
ache, tracheal foreign bodies) for more than 10 d during 
the intake period, for reasons other than sample intake. 
As shown in Table 4, there was no between-group dif-
ference in the revised baseline data except for b* value.
Effect on arterial stiffness

As shown in Fig. 3, baPWV was reduced in the LB 
group (269.6671.4 cm/s), whereas it was not changed 
in the Control group (115.0673.5 cm/s) after intake of  
the designated sample tea. Accordingly a significant dif-
ference was detected in the change in baPWV between the 
two groups (p50.007). However, there were no signifi-
cant between-group differences in the changes in systolic 

Fig.  2.  The effects of  RA on glycation and color values of  collagen fiber sheets. (A) glycation, (B) b* value (yellow), (C) a* 
value (red), and (D) L* value (brightness). Collagen sheets were incubated with 0.4 m ribose in 100 mm phosphate buffer 
(pH 7.4) together with RA at 37˚C for 1 wk. BL: Blank (collagen fiber sheets incubated only in 100 mm phosphate buffer 
(pH 7.4)), Cont: Control (collagen fiber sheets incubated with only 0.4 m ribose in 100 mm phosphate buffer (pH 7.4)). 
Data show mean6SD (n53). ** p,0.01 vs. Control (Student’s t-test), # p,0.05, ## p,0.01 vs. Control (Welch’s t-test), 
† p,0.05, †† p,0.01 vs. Control (Dunnett’s test).
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blood pressure (Control group: 10.7166.41 mmHg, LB 
group: 23.7967.12 mmHg) or diastolic blood pres-
sure (Control group: 21.5466.75 mmHg, LB group: 
21.9262.47 mmHg). There was a significant positive 
correlation between the subject’s age and baPWV at 
baseline (R50.693, p,0.001).

In the LB group, a significant negative correlation was 
found between the change in baPWV during the intake 
period and the baPWV value at baseline, but such cor-
relation was not observed in the Control group (Fig. 4).
Effect on the elasticity of  cheek skin

When data for male and female subjects were ana-
lyzed together, there was no significant between-group 
difference in the change in elasticity of  cheek skin dur-
ing the intake period (Table 5). In a gender-stratified 
analysis, a significant between-group difference in R7 

value was found only in female subjects (Control group: 
20.04460.025, LB group: 20.01260.018, p50.027) 
(Fig. 5). No clear gender difference was observed in any 
of  the other parameters measured in this trial.
Effect on the color of  forearm skin

During the intake period, both a* (red) and b* (yellow) 

Table  4.  Baseline data in clinical trial.

Control LB

Number of  subjects 14 12
(Male/female) (7/7) (6/6)
Age 44.869.6 45.067.8
Body weight (kg) 59.3614.7 59.168.6
baPWV (cm/s) 1,1916221 1,2276209
SBP (mmHg) 113614 118614
DBP (mmHg) 71.8610.2 68.668.6
Skin elasticity (cheek)
  R2 0.7060.06 0.7160.04
  R5 0.7460.09 0.7360.08
  R7 0.5260.06 0.5360.04
Skin color (forearm)
  a* (red) color values 6.4361.71 7.2861.23
  b* (yellow) color values 17.161.9 19.561.8**
  L* (brightness) color values 63.063.8 64.963.8

Data show mean6SD. ** p,0.01 vs. Control (Student’s 
t-test).
SBP: systolic blood pressure, DBP: diastolic blood pressure.

Table  5.  Changes in elastic parameters of  cheek skin 
during the intake period.

Control LB p-value

R2 20.00660.076 20.00160.056 0.835
R5 20.03060.151 20.03160.108 0.975
R7 20.01660.041 20.00460.026 0.382

Data show mean6SD.

Fig.  3.  Changes in baPWV during the intake period. Box 
plot presents median (bold horizontal lines) and mean 
values (plus signs), 25th and 75th percentiles (bottom 
and top of  each box), and 10th and 90th percentiles 
(bottom and top of  each whisker). Between-group dif-
ferences were analyzed by Student’s t-test.

Fig.  4.  Correlation between baPWV values at baseline 
and change in baPWV during the intake period. Corre-
lation was evaluated by Pearson’s correlation analysis.

Fig.  5.  Changes in the elastic value R7 of  cheek skin 
during the intake period. Box plot presents median 
(bold horizontal lines) and mean values (plus signs), 
25th and 75th percentiles (bottom and top of  each 
box), and the 10th and 90th percentiles (bottom and 
top of  each whisker). Between-group differences in 
male and female subjects were separately analyzed by 
Student’s t-test.
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values in forearm skin were significantly reduced in the 
LB group, whereas they were not changed in the Control 
group (Fig. 6). As a result, significant between-group 
differences in these changes were observed (p50.017 
for a* value, p50.008 for b* value) (Fig. 6). There was 
no between-group difference in the changes of  L* value.
Adverse effects

There was no significant between-group difference 
in the frequencies of  adverse events (Control group: 
32/611, LB group: 35/614, p50.802). Tables 6 and 7 
show the hematological and biochemical parameters 
at baseline and after the 6-wk intake period. As shown 
in Table 7, the serum glucose and uric acid levels after 
the intake period were significantly lower than those at 
baseline only in the Control group. However, the serum 
creatinine levels significantly decreased during the 
intake period in both groups. There were no significant 
changes in the other parameters.

DISCUSSION

Glycation-associated tissue damage is closely related 
to the onset of  various diseases and aging phenomena. 
In this study, we aimed to find a potent anti-glycation 
food material and to verify its health benefits for glyca-
tion-associated tissue damage in a clinical trial.

This study demonstrated that the hot water extracts 
of  some Lamiaceae plant leaves exhibited potent inhibi-

tory activities against the formation of  pentosidine 
(Table 2). These activities were stronger than those of  
AG (26) or green tea (27), which were reported to show 
anti-glycation effects in vivo, and LBE showed the high-
est activity among these Lamiaceae plants. RA, caffeic 
acid, salvianic acid A, and melitric acid A were identified 
as active components in LBE. In particular, RA is con-
sidered to be the major active component because of  its 
high content in LB leaf. In addition to LB (28), RA (29), 
commonly contained in many Lamiaceae plants (30), 
has been reported to exhibit strong anti-glycation activ-
ity measured by fluorescence reflecting the amount of  
AGEs. Therefore RA and related polyphenols may con-
tribute to the strong anti-glycation activity of  Lamiac-
eae plants. These observations indicate that LBE and/
or RA may provide beneficial effects via anti-glycation 
activity in vivo.

As shown in Fig. 1, LBE dose-dependently suppressed 
the ribose-induced increases in AGE levels and the 
curved fibrous structures in elastin fiber sheets. Similar 
results were observed with 2.5 mm RA corresponding to 
the concentration in 22 mg/mL LBE (data not shown). 
Similarly, RA dose-dependently suppressed the ribose-
induced increases in AGE levels and the collagen fiber 
sheet yellowing (Fig. 2). These results support previous 
findings that the glycation reaction is involved in the for-
mation of  fluorescent yellow pigments in lens proteins 

Fig.  6.  Changes in color values of  forearm skin during the intake period. (A) a* value (red), (B) b* value (yellow), and (C) 
L* value (brightness). Box plot presents median (bold horizontal lines) and mean values (plus signs), 25th and 75th per-
centiles (bottom and top of  each box), and 10th and 90th percentiles (bottom and top of  each whisker). Between-group 
differences were analyzed by Student’s t-test.

Table  6.  Changes in hematological parameters during the intake period.

Control LB

Baseline After 6 wk Baseline After 6 wk

White blood cell count (/mL) 5,14361,005 5,42161,174 4,96761,477 5,1926881
Red blood cell count (3104/mL) 471647 472652 462639 469641
Platelet count (3104/mL) 23.864.1 24.664.9 21.865.0 22.865.8
Hemoglobin (g/dL) 14.461.5 14.561.6 14.061.2 14.361.3
Hematocrit (%) 43.963.8 43.864.2 42.663.3 43.063.3

Data show mean6SD.
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(16) and the curved fibrous structures in elastin fibers 
(15). Blood vessels and dermal tissues contain abundant 
collagen and elastin (31, 32). Previous studies have sug-
gested that aging and the glycation reaction increase the 
stiffness of  tissues such as arteries (7, 9) and skin (10). 
Thus these findings indicate that arteries and skin are 
good targets for in vivo studies of  LBE.

LB is reported to provide beneficial effects on cognitive 
function in clinical trials (18), psychological stress in an 
animal model (19), and suppression of  oxidation in an 
in vitro study (33). However, there have been few stud-
ies of  the effect of  LB on arteries and skin. In our pres-
ent clinical trial, conducted in healthy adult subjects, we 
found a reduction in baPWV compared with baseline 
only in the LB group, resulting in a significant difference 
in change in baPWV between the two groups (Fig. 3).

PWV is a widely used clinical index for arterial stiff-
ness (34), and a high value indicates a high risk of  
cardiovascular disease (35), stroke (36), and cognitive 
decline (37). The results of  a previous study of  over 
12,000 subjects also indicated that baPWV is positively 
correlated with age (38). These results also support our 
present observations of  a strong positive correlation 
between age and initial baPWV values. Interestingly, 
only the LB group showed a significant negative correla-
tion between the initial baPWV values and the change 
in baPWV during the intake period (Fig. 4). This sug-
gests that LB tea may reduce arterial stiffness especially 
in subjects with high arterial stiffness.

In this trial, we also found a significant reduction in a* 
(red) and b* (yellow) color values in the LB group com-
pared with the Control group (Fig. 6). Because the skin 
color of  the inner portion of  the forearm is reported to 
hardly change from autumn to winter (39), these reduc-
tions are not considered to be due to seasonal environ-
mental changes. RA, a major polyphenolic substance in 

LB, has been reported to have anti-inflammatory activ-
ity (40) that may affect a* (red) value, and therefore the  
reduction of  a* value might be due to its anti-inflamma-
tory effects. The b* value of  mouse skin is reported to in- 
crease via glycation induced by glyoxal (41), and the in- 
creases in this value as well as intrinsic fluorescence of  
skin are interpreted as reflecting the accumulation of  
AGEs (16, 17). Therefore, the decrease in b* values is pre- 
sumed to be due to the anti-glycation effects of  the daily  
intake of  LB tea. The brightness of  skin has been report- 
ed to be associated with anti-oxidation (42, 43). In this 
clinical trial, LB tea did not affect the L* value. This 
observation indicates that the involvement of  anti-oxida
tion in the anti-glycation effect of  LB tea may be small.

As shown in Fig. 5, the elasticity value R7 was greatly 
reduced in female subjects in the Control group, whereas 
there was almost no change in male subjects. Our clini-
cal trial was carried out during the autumn and winter, 
with considerable changes in humidity and temperature. 
Since female skin is thin (44) and has a low moisture 
content (45) compared with male skin, the seasonal  
effects might be more severe in female subjects. By con-
trast, R7 values of  the female subjects in the LB group 
hardly changed, indicating that LB tea suppressed the 
reduction of  skin elasticity during the intake period in 
female subjects. Although the precise mechanism is un-
clear, we suppose that LB tea may prevent the seasonal 
deterioration of  female skin properties via inhibition of  
glycation of  skin proteins such as collagen and elastin.

In this clinical trial, we did not observe any differ-
ences in the frequencies of  adverse events between the 
two groups or any LB group-specific abnormal changes 
in blood parameters (Tables 6 and 7). Significant change 
was observed only in serum creatinine level in the LB 
group, but this was within normal ranges and also 
observed in the Control group. A previous study dem-

Table  7.  Changes in blood biochemical parameters during the intake period.

Control LB

Baseline After 6 wk Baseline After 6 wk

Glucose (mg/dL) 94.969.2 91.467.2* 93.3615.3 96.3611.1
HbA1c (%) 5.2360.29 5.1460.3 5.1860.34 5.1860.35
Insulin (mU/mL) 6.8166.51 6.1265.26 5.1963.47 5.3864.08
Total cholesterol (mg/dL) 201626 196626 188633 193638
HDL-cholesterol (mg/dL) 65.3614.1 64.9615.0 66.9618.5 68.5620.0
LDL-cholesterol (mg/dL) 121628 115625 106623 109629
Triglycerides (mg/dL) 77.5637.5 81.5628.5 75.1646.4 77.6645.6
AST (IU/L) 24.9610.7 24.767.0 23.1613.1 26.3612.3
ALT (IU/L) 28.5625.9 26.5620.7 29.9646.0 33.3645.6
gGTP (IU/L) 28.8614.8 26.6611.3 32.8631.7 33.6629.5
Total bilirubin (mg/dL) 0.9560.34 0.8860.17 1.0260.43 1.0560.63
Total protein (g/dL) 7.5160.49 7.4660.41 7.2960.34 7.4260.30
Total albumin (g/dL) 4.5960.14 4.5260.12 4.4460.26 4.5260.30
Urea nitrogen (mg/dL) 11.862.7 11.662.3 12.562.4 12.762.2
Creatinine (mg/dL) 0.7560.11 0.7160.11** 0.8260.17 0.7960.16*
Uric acid (mg/dL) 5.4861.83 5.0661.49* 4.5861.47 4.4861.35

Data show mean6SD. * p,0.05, ** p,0.01 vs. baseline (paired t-test).
AST: aspartate aminotransferase, ALT: alanine aminotransferase, gGTP: g-glutamyl transpeptidase.
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onstrated that LB caused no adverse events during long-
term administration to patients with Alzheimer’s dis-
ease (18). Moreover, LB has been consumed as a general 
medical herb for a long time in the West. Therefore, LB 
tea is considered as a safe foodstuff.

The urinary excretion rate of  RA and its metabolites 
has been reported in a human trial with Perilla frutescens 
extract containing RA, and its value was 6.3% of  total 
RA intake (46). Aside from RA, the following metabo-
lites of  RA were detected in human blood: methyl-RA, 
ferulic acid, and their sulfate and glucuronic acid con-
jugates. Although the metabolites mainly exist in con-
jugated forms in blood, it has been reported that con-
jugated polyphenols undergo deconjugation in tissues 
(47), which may lead to the anti-glycation effects of  LB 
and/or RA in vivo.

Since the present clinical trial was carried out under 
an open-label design, there was a concern that behavior 
of  subjects might change from psychological causes. To 
prevent this, the subjects were instructed to keep diaries 
of  intake and lifestyle, and not to change their lifestyle 
such as dietary or exercise habits. The effects of  behav-
ioral bias were considered to be small, because there was 
no significant difference between the two groups in the 
compliance rate of  intake, the frequency of  drug or alco-
hol intakes (data not shown), or the high filling rate of  
diaries.
Limitations

Three limitations of  this clinical trial should be con-
sidered. First, there was a lack of  statistical power 
because of  its small sample of  participants. Hence, fur-
ther studies with larger numbers of  participants are 
necessary to clarify the beneficial effects of  daily intake 
of  LB tea on arteries and skin. The second limitation 
was its lack of  detection of  AGEs in arteries and skin. 
To clarify whether LB tea actually affects the AGE con-
tent in arteries and skin, clinical and/or animal studies 
are required using additional approaches such as the 
measurement of  fluorescence caused by AGEs or the 
quantification of  pentosidine in arteries and skin biopsy. 
The third limitation was study design. A double-blind 
placebo-controlled design was not adopted for this clini-
cal trial, because the study was carried out as a first step 
of  the research investigating the physiological activities 
of  LB, and because an indistinguishable placebo was not 
available at the time.
Conclusion

The hot water extract of  LB leaves is considered a safe 
and potent food material to provide health benefits with 
regard to glycation-associated tissue damage and symp-
toms such as increased arterial stiffness and decreased 
skin elasticity.
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