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A B S T R A C T

Background: The purpose of this study was to investigate the safety and effects of Melissa officinalis, a good
source of bioactive components, on apolipoprotein (Apo)B, Apo A-I, and their ratio, lipids ratios and intercellular
adhesion molecule-1(ICAM-1) in patients with type 2 diabetes.
Methods: For the present randomized, double-blinded, placebo-controlled clinical trial, 70 type 2 diabetic pa-
tients aged 20–65 years old were randomly assigned to receive hydroalcoholic extract of M. officinalis (HEMO)
(700mg/d) or placebo twice-daily for 12 weeks.
Results: There were significant differences in serum Apo A-I, TC/ HDL-c and LDL-c/ HDL-c between the two
groups at the end of the study (p < 0.05), but we did not show significant differences in the values for Apo B,
Apo B/Apo A-I, TG/HDL-c, ICAM-1 and liver enzymes include AST, ALT, and ALP between the study groups.
Although both groups showed a significant reduction in ICAM-1, AST and, ALP (p < 0.05), no significant dif-
ferences in ICAM-1, AST and, ALP were observed. At end, in M. officinalis group, there was a significant increase
in Apo A-I (p=0.003) and significant reduction in TG/HDL-c (p=0.05) compared with initial values, as well as
in placebo group, there was a significant rising in Apo B/Apo A-I (p= 0.02) and significant reduction in Apo A-I
(p=0.001) compared with baseline values.
Conclusions: M. officinalis is safe and effective in improvement of Apo A-I, Apo B/Apo A-I, and lipids ratios as
key factors promoting cardiovascular disease (CVD) in type II diabetic patients.

1. Introduction

As a chronic and progressive metabolic problem, diabetes mellitus is
a risk factor for cardiovascular diseases that about 415 million people
worldwide suffer from diabetes aged 20–79 years.1 It has been shown
that dyslipidemia resulting from combination of insulin resistance and

hyperglycemia in diabetic patients is a key risk factor for cardiovascular
diseases that persists the main cause of death and inability among
subjects with diabetes mellitus.2,3 Previous studies found that apoli-
poprotein B (Apo-B) and apolipoprotein A-I (Apo A-I), as the protein
components of atherogenic lipoprotein particles and a main protein of
high-density lipoprotein cholesterol (HDL-c), respectively, are more
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important and better predictors to prevent possible cardiovascular
events compared to the low-density lipoprotein cholesterol (LDL-c) and
HDL-c, respectively.4 In patients with type 2 diabetes FIELD study
showed that traditional Lipid ratios and ApoB/Apo A-I ratio were better
than any single lipid or apolipoprotein as the predictors for cardio-
vascular disease (CVD) risk and this study indicated lipid ratios were as
strong as the ApoB/Apo A-I ratio in predicting CVD risk.5 On the other
hand, endothelial dysfunction and elevated proatherogenic adhesion
molecules such as soluble intercellular adhesion molecule-1 (sICAM-1)
play an important role in the pathogenesis of vascular complications of
T2DM.6

In recent years, because of fewer side effects and effectiveness of
herbal medicines, as well as their availability among people, raising
attention has been advanced by researchers to herbal medicines for a
variety of disorders such as T2DM.2 Melissa officinalis (also known as
lemon balm) which belongs to the Lamiaceae family, is a rich source of
phytochemicals including phenolic acid, flavonol and triterpene. Phy-
tochemical reports have shown that the main compounds of Melissa
officinalis are rosmarinic acid, gallic acid, geranial, catechin, luteolin,
neral, hesperidin, ursolic acid and oleanolic acid.7 In recent studies,
Melissa officinalis has been discussed as having antianxiety, anti-
depressant, neuroprotective,7 and anti-hypertensive,8 anti-glycation
and pancreatic amylase inhibitory activity.9–11 Besides, several animal
and in-vitro studies revealed that Melissa officinalis was beneficial in
reducing hyperglycemia and hyperlipidemia.12–14 In clinical trial stu-
dies, hypolipidemic, anti-inflammatory and antioxidant properties of
M. officinalis has been observed.15,16 Another study showed the M.
officinalis can decrease 3-hydroxy-3-methyl-glutaryl-CoA (HMG-CoA)
reductase expression,17 that may have improvement effects on sICAM-1
and endothelial dysfunction in diabetic patients.18

There are no previous studies on safety and efficacy of Melissa of-
ficinalis L, (lemon balm) on apolipoproteins, lipid ratios and ICAM-1 in
T2DM patients; Hence, this randomized, placebo-controlled, double-
blind trial was conducted to assess the effects of 700mg hydroalcoholic
extract of M. officinalis on Apo B, Apo A-I, Apo B/Apo A-I, ICAM-1,
lipid ratios, alkaline phosphatase (ALP), alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) in type 2 diabetic
patientsFig. 1.

2. Materials and methods

2.1. Participants

This article was written based on a part of the data from MSc thesis
on nutrition, registered at Iranian Registry of Clinical Trials
(IRCT201701162709N41; www.irct.ir). Participants of this study were
comprised patients with T2DM, which were recruited from Iranian
Diabetes Society (IDS) and Endocrine Research Center, Institute of
Endocrinology and Metabolism, Iran University of Medical Sciences,
Tehran, Iran. Inclusion criteria were: Body mass index (BMI) less than
35 kg/m2; no pregnancy or lactation; triglycerides less than 400mg/dl;
HbA1c<% 8; no smoking; using hypoglycemic agents but not insulin.
Exclusion criteria were: possess of any co-disorders including cardio-
vascular, liver, renal, allergic and infectious diseases as well as thyroid
disorders and glaucoma; taking nonsteroidal anti-inflammatory drugs
(NSAIDS) or estrogen and progesterone; using<80% of supplements
delivered to the patient. Patients using lipid-lowering and hypotensive
drugs were included and were asked not to alter the type or the dose of
all drugs and also to keep their usual lifestyle throughout the inter-
vention.

To determine sample size, we applied the change in mean (μ1-
μ2=30) and standard deviation (S=38) of total antioxidant capacity
(TAC), as the main variable, obtained from a prior clinical trial.19 On
the basis of a confidence interval of 95%, α=0.05 (type one error) and
β=0.1 (type two error) with a power of 80%, we needed at least 25
patients in each group. Predicting 10% dropouts during the trial, we

considered 28 patients in each group. Because 256 patients enrolled in
the study and to ensure that the sample size, applied in the research,
could achieve the desired result for all relevant variables, we selected
70 people based on the inclusion criteria.

2.2. Study design

This research was performed as a 12-weeks randomized and double-
blind clinical trial. Due to the same shape, color, weight, and size of the
drug and placebo capsules and containers, researchers, statisticians,
and patients were blinded to the drug allocation. All patients were
randomly assigned to one of two intervention groups: M. officinalis
treated group and placebo group. Subjects in M. officinalis group re-
ceived two capsules per day containing 350mg hydroalcoholic extract
of M. officinalis and patients in placebo group they took two capsules
per day containing 350mg toasted flour two times a day after lunch and
dinner for 12 weeks. Compliance to supplements was based on the
number of remaining capsules at the end of every week by telephone
conversations. Patients were asked to perform a 24-h diet recall ques-
tionnaire in 3 days (two regular days and one holiday) and physical
activity questionnaire (IPAQ) at the beginning, 6 weeks and 12 weeks.
The dietary intake data were assessed by the N4 software (Nutritionist
4, First Data Bank, San Bruno, CA, USA). Blood samples were collected
from participants after fasting overnight for 10–12 h on before and after
the intervention. Serum was frozen at −80 °C until measurements. All
of the anthropometric measurements were performed by an expert re-
searcher and BMI was determined according to the following equation
BMI=weight (kg)/length2 (m2).

2.3. Preparation of plant extract

2.3.1. Plant collection
The M. officinalis aerial parts were obtained from their natural

habitats in Karaj city and were recognized and deposited in the her-
barium of the Institute of Medicinal Plants with herbarium code num-
bers of 719.

2.3.2. Preparation of plant aerial parts extracts
The plant aerial parts were washed thoroughly under running tap

water and dried in shadow at room temperature. The extract procure-
ment was conducted by the Institute of Medicinal Plant Karaj Iran.
Concisely, the dry plant material was powdered and immersed in
hydro-alcoholic (70%) solvent for 24 h and filtered. This method was
repeated twice more, the filtrate was mixed and concentrated in eva-
porator machine at 50 °C to yield dry extract.

2.3.3. Determination of total flavonoids and the main component
The extracts flavonoid contents were assessed according to the

previously explained method by Yoo KM et al.20 One milliliter of the
aliquot of the appropriately diluted extract or standard solutions of
Rutin in methanol (50,100, 150, 200 and 250mg/ml) were added to a
10ml volumetric flask containing 4ml of distilled water. At first, 0.3 ml
of 5% (w/v) sodium nitrite was added to the flask. After 5min, 0.3 ml of
10% (w/v) aluminium chloride (AlCl3) was added, after 6min, 2ml of
1M NaOH was also added to the mixture. The procedure was followed
by the addition of 3.4ml of distilled water. The absorbance of the pink
color mixture was recorded at 510 nm against prepared water blank.
The flavonoids contents were represented as mg Rutin equivalent per
gram of the extract. Moreover, rosmarinic acid was quantified in the
extract by High-performance liquid chromatography (HPLC) con-
forming to the techniques reported previously.21 Samples were in-
vestigated in triplicate.

2.4. Laboratory analysis

Serum ApoB and Apo A-I were measured by turbidometric
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immunoassay method using Roche kits (via Cobas machine) from
Germany. ICAM-1 levels were assessed using commercial enzyme-
linked immunosorbent assay kits (Diaclone, Besançon, France).
Triglyceride levels were measured by GOP-PAP process and a Pars
Azmoon kit (Pars Azmoon Inc., Tehran, Iran). Total cholesterol was
measured by the same kit through Liasys auto analyzer device (Liasys,
Roma, Italy). Biochemical analysis of HDL-C was conducted using the
sedimentary method with the alike kit. LDL-C levels were estimated
indirectly using Friedewald Equation:

LDL-C=TC‐(HDL-C – TG/5)

2.5. Statistical analysis

Statistical analyses were carry outed using SPSS version 24 (SPSS
Inc., Chicago, IL, USA).For evaluation of the normal distribution of
data, Kolmogorov–Smirnov test was used. Data were expressed as
mean ± SD or number (%). Values within groups were compared using
paired samples t-test or Wilcoxon signed-ranks test for normally and
non-normally distributed data, respectively. Between-group compar-
isons were conducted using independent samples t-test or
Mann–Whitney U test for normally and non-normally distributed data,
respectively. Comparison of qualitative variables between the groups
were assessed by Chi-square test and Fisher exact test. Univariate
analysis of covariance (ANCOVA) using general linear model was used
to adjust for the effect of polyunsaturated fatty acid (PUFA) and car-
bohydrate intake at baseline and middle of the study, respectively and
also baseline systolic blood pressure as potential confounders on final
results between groups. The statistically significance level was valued at
P-value equal or less than 0.05.

3. Results

Total amounts of flavonoids of M. officinalis aerial parts extracts
were determined as 148.06mg Rutin/gr of dry extract. Moreover, the
amount of rosmarinic acid as the major component in the extract cap-
sule was 8.10 ± 0. 04mg. Table 1 shows basic characteristics of the
participants that there was no significant difference in participants'
characteristic between the two groups at baseline.

The physical activity of subjects remained steady without any sig-
nificant modifications during the study (Table 2). Diet results, showed
significant differences in PUFA intake at baseline and carbohydrate
intake at the middle (6 weeks) of study (Table 3) that all analyses were
controlled for these measures and ANCOVA adjusted for these changes.
In addition, there was no significant difference within the groups except
for the protein intake in the M. officinalis officinalis group in the middle
(6 weeks) with the end (12 weeks) of the study (p=0.04).

Between-group comparisons exhibited a significant effect on Apo A-
I (P=0.001), TC/ HDL-c (P=0.03) and LDL-c/ HDL-c (P=0.04) but
differences of the mean values in Apo B, Apo B/Apo A-I, TG/HDL-c, and
in anthropometric values (Table 4). Although both groups showed a
significant reduction in ICAM-1, AST and, ALP (P < 0.05), between-
group comparisons revealed no significant differences in ICAM-1, AST,
ALT, and ALP as well as in anthropometric values (Table 4). At end, in
M. officinalis group, there was a significant rising in Apo A-I
(P= 0.003) and significant reduction in TG/HDL-c (P=0. 05) com-
pared with initial values, as well as in placebo group, there was a sig-
nificant increasing in Apo B/Apo A-I (P=0.02) and a significant re-
duction in Apo A-I (P=0.001) compared with baseline values
(Table 4). There were no statistically significant differences in all of the
patients biochemical parameters between the two groups at the base-
line (P-value> 0.05).

Fig. 1. Shows the flow of patients from registration to the end of the research.
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4. Discussion

The present study was the first clinical trial to determine the safety
and clinical effects of 700mg/day M. officinalis supplementation on the
outcomes measurement including apolipoprotein (Apo)B, Apo A-I, and

their ratio, lipids ratios and ICAM-1 in subjects with type 2 diabetes.
The results suggest that M. officinalis supplementation is effective in
improving Apo A-I, Apo B/Apo A-I, and lipids ratios as key factors for
cardiovascular diseases in subjects with T2DM. Moreover, no serious
adverse effects were reported throughout the study. The significant
increase in ApoA‐I and a significant reduction in ApoB/ApoA‐I, as well
as TC/HDL-c and LDL-c/HDL-c in this study, was an important result for
the cardioprotective potential of M. officinalis. Fazli’s study showed
that aqueous extract of M. officinalis could decrease serum TG and total
cholesterol in occupationally exposed workers to aluminum.16 In Jan-
daghia’s study, M. Officinalis created a significant decrease of LDL-c in
hyperlipidemic patients.15 Furthermore, animals studies showed im-
provement effects of M. officinalis supplementation on serum lipid
profile.13,14,17,22 There is evidence showing a marked correlation be-
tween the elevation of plasma HDL‐C and apoA‐I (approximately 48%).
Also, it has been shown that differences in oxidative stress were nega-
tively connected with the changes in plasma apo A-I concentration.23

The antihyperlipidemic activity of M. officinalis may be due to down-
regulation of HMG-CoA reductase expression and reducing expression
of sterol regulatory element-binding protein-1c (SREBP-1c) and its
target genes included in fatty acid synthesis such as ACC1 (Acetyl-CoA

Table 1
General characteristics of T2DM patients at baseline.

Variable Melissa (??=31) Placebo (??=31) p Value

Age (yr) 53.90 ± 6.28 52.77 ± 7.83 0.53 ‡‡

Male/Female N (%) 15 (48.4)/16 (51.6) 19 (61.3)/126 (38.7) ٭0.30
Height (cm) 162.67 ± 8.51 167.01 ± 9.14 0.06 ‡

Duration of diabetes (yr) 6.38 ± 3.48 6.93 ± 4.44 0.71 ‡‡

Compliance 94.03 ± 6.90 94.41 ± 7.26 0.73 ‡‡

Hypoglycemic agents N (%) Metformin 7 (22.6) 7 (22.6) 1.00 ٭٭
Metformin+Glibenclamide 18 (58.1) 19 (61.3)
Metformin+Repaglinide 4 (12.9) 3 (9.7)
Metformin+Glibenclamide+Repaglinide 2 (6.5) 2 (6.5)

Hypolipidemic agents N (%) Atorvastatin 22 (71) 20 (64.5) ٭0.58
Hypotensive agents N (%) Losartan 12 (38.7) 14 (45.2) ٭0.60

P Value based on ‡ Independent t-test; ‡‡ Mann–Whitney U test; ٭ Chi-square test; ٭٭ Fisher’s exact test.

Table 2
Physical activity comparison at baseline, middle, and end of study between the
two groups.

Variable Baseline Middle End

Melissa Control Melissa Control Melissa Control

Low-PA N
(%)

16 (51.6) 8 (25.8) 16 (51.6) 11 (35.5) 12 (37.8) 16 (51.6)

Moderate-
PA N
(%)

10 (32.3) 18 (58.1) 9 (29) 16 (51.6) 13 (41.9) 11 (35.5)

High-PA N
(%)

5 (16.1) 5 (16.1) 6 (19.4) 4 (12.9) 6 (19.4) 4 (12.9)

P value٭ 0.08 0.19 0.56

Values are presented as n Chi-square٭.(%) test. PA, Physical activity.

Table 3
Energy and nutrients intake at baseline, in the middle and at the end of the study.

Nutrients Group Baseline
Mean ± SD

Middle
Mean ± SD

End
Mean ± SD

## P value

Baseline Middle End

Energy
(kcal)

Melissa 1625.80 ± 236.35 1597.11 ± 146.70 1609.69 ± 147.49 0.11 ‡‡ 0.07 ‡ 0.22 ‡‡

Control 1687.95 ± 222.60 1682.70 ± 201.29 1664.30 ± 166.47
Protein (g) Melissa 62.76 ± 10.47 64.51 ± 9.91 61.06 ± 8.00 0.9 ‡ 0.06‡ 0.88 ‡

Control 63.07 ± 8.81 60.41 ± 6.54 61.35 ± 8.60
Carbohydrate

(g)
Melissa 226.87 ± 30.60 227.59 ± 26.81 230.52 ± 24.63 0.09 ‡ 0.03‡ 0.07 ‡

Control 241.76 ± 38.80 247.10 ± 43.39 247.46 ± 40.18
Total fat (g) Melissa 49.41 ± 10.17 50.09 ± 9.21 51.55 ± 9.47 0.17 ‡ 0.23 ‡ 0.34 ‡

Control 53.09 ± 10.92 52.90 ± 9.36 53.82 ± 9.08
Fibre (g) Melissa 15.81 ± 3.19 15.95 ± 3.16 15.85 ± 3.21 0.87 ‡ 0.82 ‡ 0.73 ‡

Control 15.94 ± 3.14 16.75 ± 3.93 16.13 ± 3.38
SFA (g) Melissa 15.80 ± 3.66 15.87 ± 3.50 16.03 ± 3.37 0.83 ‡‡ 0.81 ‡‡ 0.98 ‡‡

Control 16.00 ± 3.15 16.00 ± 3.27 16.05 ± 3.44
MUFA (g) Melissa 14.41 ± 3.20 14.47 ± 3.00 14.75 ± 3.21 0.49 ‡ 0.42 ‡ 0.69 ‡

Control 15.01 ± 3.14 15.08 ± 3.01 15.07 ± 3.19
PUFA (g) Melissa 13.88 ± 3.87 13.91 ± 4.20 14.14 ± 14.28 0.04 ‡‡ 0.12 ‡ 0.13 ‡

Control 15.94 ± 4.42 15.58 ± 4.25 15.84 ± 14.42
Cholesterol

(g)
Melissa 172.60 ± 92.19 165.89 ± 86.23 163.80 ± 86.30 0.10 ‡‡ 0.09 ‡‡ 0.13 ‡‡

Control 210.41 ± 102.7 203.28 ± 93.74 201.26 ± 101.98
Vitamin c

(mg)
Melissa 106.21 ± 62.93 112.11 ± 62.26 114.94 ± 56.10 0.57 ‡ 0.86 ‡ 0.90 ‡

Control 114.07 ± 46.06 114.53 ± 43.03 110.40 ± 44.90
Vitamin E

(mg)
Melissa 6.57 ± 3.21 6.86 ± 3.13 7.13 ± 3.56 0.48 ‡‡ 0.93 ‡‡ 0.89 ‡‡

Control 7.21 ± 3.58 7.11 ± 3.77 7.16 ± 3.61
Selenium

(mg)
Melissa 0.076 ± 0.03 0.075 ± 0.03 0.079 ± 0.02 0.80 ‡ 0.84 ‡ 0.73 ‡

Control 0.077 ± 0.02 0.074 ± 0.01 0.077 ± 0.01

## P. Value for variable comparing between the two groups (‡ Independent t-test and ‡‡ Mann–Whitney U test). SFA, Saturated fatty acid; MUFA, monounsaturated
fatty acid; PUFA, Polyunsaturated fatty acid.
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carboxylase 1), SCD1 (stearoyl CoA desaturase 1), and FAS (fatty acid
synthase),17 or activation the AMP-activated protein kinase/Acetyl-CoA
carboxylase (AMPK/ACC) pathway that has a substantial role in reg-
ulating body glucose balance and lowering insulin resistance in adi-
pocyte tissue as well as inhibiting lipid accumulation into adipocytes.24

Considering that M. officinalis has antioxidant effects and also can
decrease HMG-CoA reductase expression, nonsignificant differences of
ICAM-1 and Apo-B in our research may be due to using of atorvastatin
medication by the majority of patients.18,25

Results about the protective and effectiveness of M. officinalis on
AST, ALT, and ALP levels are controversial.15,22,26 In our study, lack of
significant effects of M. officinalis on AST, ALT, and ALP in between-
group comparison may be due to the lower levels of this enzymes ob-
served at baseline. Besides, M. officinalis extract exhibited no sign of
any serious side effects. However, in an animal study,27 very high doses
of M. officinalis extract (0.450 and 1.350 g/kg) showed the toxic effects
on liver tissue. Results of this study showed that use of 700mg/day
hydroalcoholic extract of M. officinalis in patients with type two dia-
betes is safe. Melissa officinalis possess a high amount of antioxidant
and anti-inflammatory activity,7 hence it may have beneficial effects in
reducing the toxicity of other drugs, too.28

5. Conclusion

Our results showed that the hydro-alcoholic extract of the aerial
parts of M. officinalis caused significant improvement on serum Apo A-
I, TC/ HDL-c, and LDL-c/ HDL-c, While, it had no significant effects on
other lipids ratios, liver enzymes, ICAM-1 and anthropometric indices
in T2DM patients. Therefore, M. officinalis extract may act as a safe
complementary medicine in regulating blood lipids and atherogenic
markers in patients with T2DM. However, additional research with a
larger sample size and higher doses of M. officinalis are needed to

confirm the beneficial effects of M. officinalis in the management of
diabetes complications in type2 diabetic patients.
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0.11△ 0.15△

ALP (IU/L)
p Value ∏

120.70 ± 34.32 103.16 ± 34.28 127.51 ± 31.38 102.83 ± 25.30 0.64
0.001▲ 0.001▲

Significant in P≤ 0.05, P-value between groups; ##P. Value Calculated by ANCOVA; ∏ P. Value for variable comparing within the two groups; (△Paired samples t-
test and ▲Wilcoxon signed-ranks test). Apo A-I, apolipoprotein A-I ; Apo-B, apolipoprotein B; BMI, Body mass index; WC, Waist circumference; TG, triglyceride; TC,
total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; ICAM-1; intercellular adhesion molecule 1; AST, aspartate aminotransferase; ALT,
alanine aminotransferase; ALP, alkaline phosphatase.
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