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This study aimed at evaluating glycemia and lipid profile of offspring from diabetic Wistar rats treated with Mentha piperita
(peppermint) juice. Male offspring from nondiabetic dams (control group: 10 animals treated with water and 10 treated with
peppermint juice) and from dams with streptozotocin-induced severe diabetes (diabetic group: 10 animals treated with water and
10 treated with peppermint juice) were used. They were treated during 30 days, and, after the treatment period, levels of glycemia,
triglycerides, total cholesterol, and fractions were analyzed in the adult phase. The offspring from diabetic dams treated with
peppermint showed significantly reduced levels of glucose, cholesterol, LDL-c, and triglycerides and significant increase in HDL-c
levels. The use of the M. piperita juice has potential as culturally appropriate strategy to aid in the prevention of DM, dyslipidemia,
and its complications.

1. Introduction

Diabetes mellitus (DM) is considered to be a syndrome asso-
ciated with disorders in the metabolism of carbohydrates,
lipids, and proteins caused by the absolute or relative lack
of insulin [1], and it affects approximately 3 to 10% of
the women in the gestational phase [2]. In pregnancy, DM
can cause serious problems to mothers and their offspring,
contributing with approximately 10% of fetal malformations
and approximately 40% of neonatal death [2–4]. The lack of
serious maternal glycemic control changes fetal metabolism,
which leads to higher risk for fetuses to show metabolic
alterations, both in the gestational period and throughout
their lives [5, 6]. The alterations resulting from maternal
diabetes are related to hyperglycemia and fetal hyperin-
sulinemia, which affect lipid and protein synthesis [7, 8].
Additionally, maternal hyperglycemia stimulates fetal growth

(macrosomia) due to the greater availability of glucose in the
blood flow and by the regulation of growth factors [5, 8].
High weight at birth is related to the risk for developing
insulin resistance, obesity, and DM2 in the future [9].

Studies show that obesity and DM2 are more frequent
in children and adolescents whose mothers were diabetic or
had gestational DM. Maternal metabolic disorders affect the
growth and the metabolism of descendants, leading to dia-
betogenesis in different phases of the offspring life, including
their pregnancies. Hence, the next generation will also be
affected, and the same consequences will influence other gen-
erations, thus showing the diabetogenic tendency [10–12].

The problems resulting from DM and its complica-
tions bring high costs to the Brazilian Health Care Sys-
tem. The search for medical alternatives to reduce costs can
be highly valuable for those living below the poverty line.
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An alternative can be the use of medicinal plants, which have
been increasingly used in the treatment of DM and other
metabolic syndrome risk factors [13–15].

Mentha piperita L (family Labiatae; genus Mentha) is one
of the ten most widely used plants in Brazil and is commonly
used in the treatment of loss of appetite, common cold,
bronchitis, fever, nausea, vomiting [16], spasmodic responses
[17], and antimicrobial and antioxidant activities [18, 19].
It is also used for culinary purposes. There is evidence
that it has a positive effect on glycemia of the laboratory
animal [20]. However, there are no reports in the literature
concerning its effects on the offspring of diabetic animals
treated with the respective plant. Hence, this study aimed at
evaluating glycemia and lipid profile of offspring of diabetic
Wistar rats treated with Mentha piperita juice.

2. Methods

2.1. Parental Generation. The Wistar rats used were kept in
the vivarium of UNIMEP (Lins Campus) under controlled
conditions (12/12-hour light/dark cycle and ambient tem-
perature of 22±2◦C, relative humidity of 60±5%, and water
and chow ad libitum). These animals were treated according
to the “Guide to the care and use of experimental animals,”
which delineates the principles by the Canadian Council
for the care to laboratory animals. The study was initiated
after its approval by the Ethics Committee under registration
number 2500000764/2007-47.

2.2. Diabetogenesis Period: Diabetes Induction. Nondiabetic
rats (n = 20) weighing approximately 250 g underwent
a seven-day adaptation period in the room where the
experiment was conducted. Thereafter, randomly selected
rats received an intravenous administration (caudal vein)
of 40 mg of streptozotocin (STZ)/Kg (STZ, Sigma Chemical
Company, St. Louis, Mo, USA) diluted in citrate buffer
(0.1 M; pH 4.5). Nondiabetic animals (n = 20) received only
the vehicle (citrate buffer) in a volume that was equivalent
to that of the diabetogenic drug [17, 18]. As an inclusion
criterion, rats were considered to be diabetic (n = 20)
when showing glycemia above 200 mg/dL and nondiabetic
(control, n = 20) when showing glycemia below 120 mg/dL.

2.3. Mating Period. After diabetes confirmation and separa-
tion of the two experimental groups, the mating phase was
performed at the end of the afternoon. The rats from each
group were grouped, four by four, with a normoglycemic
male rat. In the next morning, the males were removed, and
vaginal smears were then collected. In case spermatozoa were
found in the vaginal smears, that was considered to be day 0
of pregnancy [19].

2.4. Pregnancy Period. In the mornings of days 0, 7, 14,
and 21 of pregnancy, a blood drop was collected from the
caudal vein for glycemia measurement by using glucometer
One Touch Ultra, Johnson and Johnson. Approximately on
the day 21 of pregnancy, after birth of offspring, the dams

remained in individual cages with their offspring until wean-
ing (21 days).

2.5. Offspring: Weaning and Treatment. After weaning, the
offspring (60 animals) were kept in collective cages until they
reached adulthood. The adult animals, weighing approxi-
mately 250 g, were divided into 4 experimental groups (n =
15 animals/group): G1: offspring from control dams treated
with vehicle (water), G2: offspring from control dams treated
with Mentha piperita juice, G3: offspring from diabetic dams
treated with vehicle, and G4: offspring from diabetic dams
treated with Mentha piperita juice.

The animals in groups G2 and G4 received Mentha
piperita juice at a dose of 0.29 g/kg once a day (at early morn-
ing) for 30 consecutive days. The dose administered to the
animals was based on 100 g/L, which corresponds to the daily
intake of 200 mL of juice by an adult man weighing 70.0 kg
(such intake was based on population consultation).

2.6. Mentha piperita Juice Preparation. Mentha piperita
leaves were washed, weighed (100 g/L), and triturated with
water in a blender for 7 minutes. The juice was filtered and
frozen in an amber flask. Each flask was thawed daily at
ambient temperature two hours prior to administration.

2.7. Blood Collection and Biochemical Profile Determination.
After 30 days of treatment, the animals were anesthetized
with sodium pentobarbital (150 mg/kg) and killed. Subse-
quently, blood samples were collected in order to determine
the biochemical profile (total cholesterol, HDL-c, LDL-c,
triglycerides, and glucose). Tests were performed according
to the methodology proposed by commercial kits: LABTEST
(Lagoa Santa, Belo Horizonte, MG) for glycemia, total
cholesterol and HDL-c, and triglycerides and WIENER LAB
(São Paulo, SP) for LDL-c. The results were interpreted
according to criteria established by the American Diabetes
Association [1].

2.8. Statistical Analysis. Data analysis was performed by
using Student’s t test, and the level of significance adopted
was P value <.05%.

3. Results

Figure 1 shows the comparison between the control groups
comprising the offspring from diabetic dams and control
dams. It was observed that the offspring from group
G3 showed significantly higher glycemia, cholesterol, and
triglycerides levels when compared to those from group G1.

Figure 2 shows the biochemical profile results for the off-
spring from control dams (G1) and from nondiabetic dams
treated with M. piperita (G2). No significant differences were
observed for glycemia between these two groups, but there
were a significant reduction in plasma levels of cholesterol,
triglycerides, and LDL-c and significant increased HDL-c
values in the offspring from group G2 in relation to those
from group G1.
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Figure 1: Representation of biochemical profile of G1 and G3.
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Figure 2: Representation of biochemical profile of G1 and G2.

Figure 3 shows the biochemical profile results for the off-
spring from diabetic dams treated with vehicle (G3) and
from diabetic dams treated with M. piperita (G4). The gly-
cemia and the levels of cholesterol, LDL-c, and triglycerides
were significantly reduced and the levels of HDL-c were
significantly increased in group G4 as compared to group G3.

Figure 4 shows the biochemical profile results for male
offspring from nondiabetic dams treated with M. piperita
juice (G2) and from diabetic dams treated with M. piperita
juice (G4). There were no significant differences in the
glycemia, cholesterol, LDL-c, and triglycerides between the
offspring from G4 and G2 groups. It was observed that
offspring from G4 dams showed increased HDL-c levels in
relation to those from G2.

No differences were found in food intake and body
weight among the groups at the beginning and end of the
treatment (Figures 5 and 6).
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Figure 3: Representation of biochemical profile of G3 and G4.

Glycemia Cholesterol Triglycerides HDL-c LDL-c

G4
G2

0

10

20

30

40

50

60

70

80

90

P = .1454

P = .0765

P = .0789
P = .0000

P = .0579

Figure 4: Representation of biochemical profile of G2 and G4.

4. Discussion

There are a large number of medicinal plants that are pop-
ularly used for diabetes mellitus (DM) and hypercholestero-
lemia treatment [13, 21–24]. Several plants used by the pop-
ulation have been scientifically verified [21, 25–27]. Mentha
piperita (peppermint) is one of the plants most frequently
used by the Brazilian population for therapeutic purposes. Its
medicinal use includes anti-inflammatory, antispasmodic,
and analgesic activities and the treatment of respiratory and
gastrointestinal problems, as well as its antioxidant and anti-
peroxidant effects [28].

In this study, it was observed that the offspring from
diabetic dams showed high levels of blood glucose and
lipids. However, significant reductions were also found for
the glycemia of offspring from diabetic mothers treated
with peppermint juice, thus corroborating the findings by
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Figure 5: Representation of food intake of G1, G2, G3, and G4.

Narendhirakannan et al. [20], who evaluated the effect of
Mentha piperita on diabetic rats. These results show that the
use of peppermint juice can be beneficial in the therapy and/
or prevention of DM and its complications in the offspring
from dams with diabetes. Other studies in the literature show
that the use of plants or antioxidant substances can help
avoid damages associated with diabetes [13–15, 29–36].

The importance of peppermint can also be extrapolated
to the offspring of nondiabetic dams (normoglycemic) as
they also benefitted from using the plant. Peppermint juice
also positively influences the concentration of plasma lipids
in the studied animals, both in the offspring from nondia-
betic and in those from diabetic dams. Barbalho et al. [37]
observed benefits in glucose and lipid profile after using pep-
permint juice in normoglycemic Wistar rats. Plants contain
a number of biologically active compounds able to modulate
lipid and glucose metabolism, of which flavonoids and other
antioxidant compounds play a central role for improving
the lipid and hyperglycemic profile [38–41]. Visavadiya and
Narasimhacharya [35] found hypolipidemic and antioxidant
effects in asparagus root. Lee et al. [42] investigated Wasabia
japonica in vitro and in vivo and observed significant antiox-
idant activities and anti-hypercholesterolemic effects. Kumar
et al. [36] found similar effects after using Anthocephalus
indicus root.

The species from the Mentha genus have substances that
may be related to such effects. M. arvensis contains menthol,
murol, eugenol, thymol, and hydrocarbonates. Menthol and
other volatile compounds can be found in the leaves of M.
piperita [28], and such compounds can be responsible, at
least partly, for antioxidant and antiperoxidant effects as
observed by Veerapur et al. after using Ficus racemosa Stem
Bark Extract [43] and Adesegun et al. after using Phaulopsis
fascisepala [44]. Samarth and Samarth (2009) showed that
M. piperita leaf extract possesses high amount of pheno-
lic content, flavonoids content, and flavonols. They also
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Figure 6: Representation of body weight of G1, G2, G3 and G4.

observed that this plant has radioprotective effects possibly
because of the amount of phenolic compounds, flavonoids,
and flavonols due to their antioxidant and radical scavenging
activity [45].

As medicines used to regulate glycemia and dyslipidemia
are costly, the use of peppermint juice may be an alterna-
tive low-cost strategy to treat noncommunicable diseases as-
sociated with the insulin dysfunction. It can also be used
to prevent the complications of gestational DM, thus pre-
venting fetal hyperglycemia and hyperinsulinemia, metabolic
abnormalities, and the metabolic syndrome in the offspring
from mothers with DM. As peppermint also shows antioxi-
dant and antiperoxidant effects, it also can prevent oxidative
damages [21, 46–49].

Species of Mentha are aromatic plants traditionally used
as medicinal remedies and culinary herbs but this study
suggests that the use of the M. piperita juice has potential as
a culturally appropriate strategy to aid in the prevention of
DM, dyslipidemia, and its complications.

Despite the promising results concerning the use of pep-
permint, it is fundamentally important to perform further
studies in order to evaluate its effects on human beings and
the ideal doses to be used.
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[32] C. Hürdaǧ, I. Uyaner, E. Gürel, A. Utkusavas, P. Atukeren, and
C. Demirci, “The effect of α-lipoic acid on NOS dispersion
in the lung of streptozotocin-induced diabetic rats,” Journal of
Diabetes and Its Complications, vol. 22, no. 1, pp. 56–61, 2008.

[33] M. A. Haidara, D. P. Mikhailidis, M. A. Rateb et al., “Evalua-
tion of the effect of oxidative stress and vitamin E supplemen-
tation on renal function in rats with streptozotocin-induced
Type 1 diabetes,” Journal of Diabetes and Its Complications,
vol. 23, no. 2, pp. 130–136, 2009.

[34] A. Shirpoor, S. Salami, M. H. Khadem-Ansari, B. Ilkha-
nizadeh, F. G. Pakdel, and K. Khademvatani, “Cardioprotec-
tive effect of vitamin E: rescues of diabetes-induced cardiac
malfunction, oxidative stress, and apoptosis in rat,” Journal
of Diabetes and Its Complications, vol. 23, no. 5, pp. 310–316,
2009.

[35] N. P. Visavadiya and A. V. R. L. Narasimhacharya, “Asparagus
root regulates cholesterol metabolism and improves antioxi-
dant status in hypercholesteremic rats,” Evidence-Based Com-
plementary and Alternative Medicine, vol. 6, no. 2, pp. 219–226,
2009.

[36] V. Kumar, F. Mahdi, R. Chander et al., “Hypolipidemic and
antioxidant activity of Anthocephalus indicus (Kadam) root
extract,” Indian Journal of Biochemistry and Biophysics, vol. 47,
no. 2, pp. 104–109, 2010.

[37] S. M. Barbalho, A. P. M. Spada, E. P. de Oliveira et al., “Mentha
piperita effects on wistar rats plasma lipids,” Brazilian Archives
of Biology and Technology, vol. 52, no. 5, pp. 1137–1143, 2009.

[38] T. K. Bera, D. De, K. Chatterjee, K. M. Ali, and D. Ghosh,
“Effect of Diashis, a polyherbal formulation, in streptozotoc-
in-induced diabetic male albino rats,” International Journal of
Ayurveda Research, vol. 1, no. 1, pp. 18–24, 2010.

[39] S. Kaimal, K. S. Sujatha, and S. George, “Hypolipidaemic
and antioxidant effects of fruits of Musa AAA (chenkadali) in
alloxan induced diabetic rats,” Indian Journal of Experimental
Biology, vol. 48, no. 2, pp. 165–173, 2010.

[40] R. P. Choudhury, A. Kumar, and A. N. Garg, “Analysis of
Indian mint (Mentha spicata) for essential, trace and toxic
elements and its antioxidant behaviour,” Journal of Pharma-
ceutical and Biomedical Analysis, vol. 41, no. 3, pp. 825–832,
2006.

[41] W. R. Leifert and M. Y. Abeywardena, “Cardioprotective
actions of grape polyphenols,” Nutrition Research, vol. 28,
no. 11, pp. 729–737, 2008.

[42] Y. S. Lee, J. H. Yang, M. J. Bae et al., “Anti-oxidant and
anti-hypercholesterolemic activities of Wasabia japonica,” Ev-
idence-Based Complementary and Alternative Medicine, vol. 7,
no. 4, pp. 459–464, 2010.

[43] V. P. Veerapur, K. R. Prabhakar, V. K. Parihar et al., “Ficus race-
mosa stem bark extract: a potent antioxidant and a probable
natural radioprotector,” Evidence-Based Complementary and
Alternative Medicine, vol. 6, no. 3, pp. 317–324, 2009.

[44] S. A. Adesegun, A. Fajana, C. I. Orabueze, and H. A. B. Coker,
“Evaluation of antioxidant properties of Phaulopsis fascisepala
C.B.Cl. (Acanthaceae),” Evidence-Based Complementary and
Alternative Medicine, vol. 6, no. 2, pp. 227–231, 2009.

[45] R. M. Samarth and M. Samarth, “Protection against radiation-
induced testicular damage in Swiss Albino Mice by Mentha
piperita (Linn.),” Basic and Clinical Pharmacology and Toxicol-
ogy, vol. 104, no. 4, pp. 329–334, 2009.

[46] A. E. Edris, B. S. Girgis, and H. H. M. Fadel, “Recovery of
volatile aroma components from aqueous waste streams using
an activated carbon column,” Food Chemistry, vol. 82, no. 2,
pp. 195–202, 2003.

[47] E. Schmidt, S. Bail, G. Buchbauer et al., “Chemical composi-
tion, olfactory evaluation and antioxidant effects of essential
oil from Mentha piperita,” Natural Product Communications,
vol. 4, no. 8, pp. 1107–1112, 2009.

[48] H. J. D. Dorman, M. Koşar, K. H. C. Başer, and R.
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