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Efficacy and safety of the metformin-mazindol anorectic 
combination in rat

The current study investigates the anorectic interaction and 
safety of the mazindol-metformin combination in rats. Iso-
bologram and interaction index were used to determine ano-
rectic interaction between mazindol and metformin in the 
sweetened milk model. The safety profile of the mazindol- 
-metformin combination was determined by measuring 
anxiety, blood pressure, hematic biometry and blood chem-
istry. An acute dose of mazindol and metformin adminis-
tered per os, individually or as a mixture, has reduced the 
milk consumption in rats in a dose-dependent manner. 
Theoretical effective dose 40 (ED40t) did not differ from the 
experimental effective dose 40 (ED40e) obtained with the 
mazindol-metformin mixture in the anorexia experiments, 
by Student ś t-test. In addition, the interaction index con-
firmed the additive anorectic effect between both drugs. A 
single oral dose of ED40e mazindol-metformin mixture in-
duced anxiolysis in the elevated plus-maze test. Moreover, 
oral administration of mazindol-metformin combination for 
3 months significantly decreased glycemia, but not blood 
pressure nor other parameters of hematic biometry and 
blood chemistry. Results suggest that mazindol-metformin 
combination exerts an additive anorectic effect, as well as 
anxiolytic and hypoglycemic properties. Mazindol-metfor-
min combination might be useful in obese patients with 
anxiety disorders or diabetes risk factors.

Keywords: mazindol-metformin combination, anorectic in-
teraction, anxiolysis, hypoglycemic effect

Obesity, defined as abnormal or excessive fat accumulation, represents health risks 
and is recognized as a global epidemic. Obese patients have a higher risk of developing 
metabolic disorders such as dysmetabolic syndrome, diabetes mellitus and dyslipidemia, 
among others (1). In addition, there is a significant increase in the mortality rate if the body 
mass index is above 25 kg m–2 (2). On the contrary, it is well-accepted that a weight-loss of 
more than 3 % produces metabolic benefits in obese patients including diabetes preven-
tion, better insulin sensitivity and glucose control as well as improved dyslipidemia (1).
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Lifestyle interventions are considered first-line therapy for overweight and obese pa-
tients. They include a nutritional plan, increased physical activity and behavioral modifi-
cation techniques; however, most of the intensive lifestyle programs are difficult to follow 
under everyday conditions (1, 3). In addition, obesity bears a higher aetiological risk factor 
for developing diabetes mellitus than genetic, sex, diabetes family history, physical activ-
ity or dietary habits (4).

Pharmacotherapy used as an adjunct to lifestyle intervention enhances weight loss 
and maintains any loss for a longer period (1, 3). Multimodal therapy is a strategy recently 
used to treat obesity. Clinical evidence demonstrates that the combination of different 
medications with complementary mechanisms of action provides a greater body mass 
reduction with a better safety profile (5).

Metformin is the most widely used first-line drug for diabetes mellitus (1). It is a bigu-
anide that induces weight loss by anorectic effects as it inhibits the activity of AMP-acti-
vated protein kinase in the hypothalamic neurons (6). Metformin also improves sensitiv-
ity to insulin and leptin (6, 7) and increases levels of glucagon-like peptide 1 (8, 9). Despite 
the multiple mechanisms proposed to explain its anorectic effect, metformin prevents the 
onset of diabetes, but induces only a weak weight loss in patients with diabetes risk factors 
(10). Therefore, we suggest that the combination of metformin with other anorectic drugs 
could increase their anti-obesity effectiveness, which could have a positive impact on the 
reduction of diabetes risk.

Mazindol is an anorectic drug unrelated to β-phenylethylamines, so it does not share 
the side-effects, addiction potential and misuse of amphetamines. Its proposed mecha-
nism of action used to explain the anorectic effect is related to the stimulation of the cate-
cholaminergic system (11). Mazindol also inhibits the activity of glucose-responsive neu-
rons located in the lateral hypothalamus, resulting in decreased appetite and lowered 
gastric acid secretion (12). Furthermore, mazindol improves cholesterol, triglycerides and 
insulin levels (13, 14).

Based on the mentioned concerns, the current study was performed to investigate the 
anorectic interaction, metabolic improvement and the safety profile of the mazindol-met-
formin combination in rats.

EXPERIMENTAL

Animals

Male Wistar rats, 160–200 g, were used in the current study. Animals were obtained 
from the bioterium of the National Institute of Respiratory Diseases (Ciudad de México, 
México) and they were kept in polysulfone cages with free access to food (Laboratory Au-
toclavable Rodent Diet 5010, Lab Diet, USA) and water in a 12-hour light/dark cycle and at 
temperature 22–25 °C. The total number of animals was 126 and they were randomized in 
experimental groups which consisted of 6 rats each.

All experiments were performed in agreement with the requirements published in 
the Technical Specifications for the Production, Care and Use of Laboratory Animals 
(NOM-062-ZOO-1999, SAGARPA; México) and by National Research Council (US) Com-
mittee for the Update of the Guide for the Care and Use of Laboratory Animals (National 
Academies Press, 2011, Washington, DC). Moreover, the protocol was approved by the 
institutional ethics committee, INER/CI/397/18 (Number, B29-18).
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Drugs and treatments
Mazindol (purity of 99.8 %) and metformin (purity of 100 %) were provided by Pro-

ductos Medix S.A. de C.V. (CDMX, Mexico). Mazindol, metformin, or the mazindol-met-
formin combination were freshly suspended in the vehicle (a mixture of 90 % physiological 
saline and 10 % Tween 80) used in a volume of 4 mL kg–1 bm. Control group received only 
vehicle (4 mL kg–1 bm). Oral dosing of the vehicle and the drugs was done using a metal 
feeding curved needle (Model 7914, Cadene Science, USA).

Experiments were divided into acute (a single oral dose) and chronic (a daily oral dose 
for 90 days) procedures. In the acute procedures, vehicle, metformin (30–300 mg kg–1 bm), 
mazindol (1.7–30 mg kg–1 bm) or the theoretical total doses of mazindol-metformin (ED5t = 
13.9, ED10t = 27.8, ED20t = 55.5 and ED40t = 111.0 mg kg–1 bm) were orally administered 30 
minutes before the start of the anorexia test, whereas vehicle, metformin (208.9 mg kg–1 
bm), mazindol (13.2 mg kg–1 bm), or mazindol-metformin mixture (128.7 mg kg–1 bm) were 
orally administered just before the start of the anxiety test. In the chronic procedures, 
vehicle, metformin (208.9 mg kg–1 bm), mazindol (13.2 mg kg–1 bm), or the experimental 
total dose of mazindol-metformin (ED40e = 128.7 mg kg–1 bm) was orally administered once 
a day, at 10:00 a.m., for 90 days. Anxiety, cardiovascular variables and blood parameters 
were measured on days 30, 60 and 90, before daily drug administration. Body mass was 
recorded weekly before the daily drug administration.

Anorectic effect evaluation
To determine the anorectic effect of mazindol, metformin or their combination, the 

reduction of the sweetened milk intake was measured, as previously described by Cruz-
Álvarez et al. (15). Rats were habituated for 7 days to drink sweetened milk for 90 min. On 
the 8th day, 12-h fasted rats were orally administered the vehicle or increasing doses of 
mazindol (1.7–30 mg kg–1 bm), metformin (30–300 mg kg–1 bm) or mazindol-metformin 
mixture. The sweetened milk was offered to the rats and the total milk intake was mea-
sured after 1.5 h.

To prepare the sweetened milk, 1 L of boiled water was mixed with 100 g of powdered 
milk and 100 g of sucrose.

Safety profile evaluation
To compare the safety profile of mazindol, metformin or mazindol-metformin, the 

doses were fixed at 40 % of anorectic effect obtained experimentally (ED40e) for each drug 
treatment. 

Thus, the anxiolytic effect of oral mazindol (ED40e = 13.2 mg kg–1 bm), metformin (ED40e 
= 208.9 mg kg–1 bm) or mazindol-metformin (ED40e = 128.7 mg kg–1 bm), was evaluated us-
ing the elevated plus-maze model designated by Pellow and colleagues (16). The mazindol-
metformin mixture was tested at a fixed-ratio of 1:1 in order to have a high probability of 
identifying the anorectic interaction, if any.

Briefly, the plus-maze had two closed arms and two open arms connected by a central 
platform. The four arms are elevated 50 cm from the floor and separated 90° each from the 
other. To test the anxiolytic effect, rats were administered orally with vehicle or with any 
of the treatments described above and placed in the center of the platform with their head 
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facing one of the open arms. Then, free exploration was allowed for 5 min. During this 
period, the percentage of open arm entries and the percentage of time spent on the open 
arms were measured. The increase in the percentage of open arm entries and the percentage 
of time spent on the open arms is considered as an anxiolytic effect. In acute experiments, 
anxiety was evaluated in 12-h fasted rats before the treatment and at 1, 2, 3, 4, 6, and 8 h 
after a single oral dose administration. In chronic experiments, the drugs were given once 
a day for 3 months and the anxiety was measured in 12-h fasted rats before the drug 
 administration and at 1, 2 and 3 months, 24 h after the last administration.

In order to determine the chronic effect of the oral mazindol-metformin combination 
on body mass, the animals were administered daily with vehicle or mazindol-metformin 
(ED40e = 128.7 mg kg–1 bm), for 90 days. During this period, the body mass of the rats was 
recorded every week using an Ohaus Scout® balance H-7294 (Ohaus, Mexico).

In order to establish the cardiovascular effect of the chronic administration of the 
mazindol-metformin mixture, the blood pressure was measured in rats by a tail-cuff plethys-
mography blood pressure system (MRBP, IITC Life Sciences, USA). Animals were placed 
into an acrylic restrainer for 15 min during 3 consecutive days to allow them to adapt to 
the experimental conditions. The next day, rats were gently collocated inside the chamber 
for 15 min and baseline diastolic blood pressure and systolic blood pressure were acquired. 
After that, vehicle or mazindol (ED40e = 13.2 mg kg–1 bm), metformin (ED40e = 208.9 mg kg–1 
bm) or mazindol-metformin combination (ED40e = 128.7 mg kg–1 bm) were orally adminis-
tered daily during 3 months; diastolic and systolic blood pressure were recorded in 12-h 
fasted rats before the treatment and at 1, 2 and 3 months, 24 h after the last administration.

To check the health status of the rats after chronic administration of oral mazindol-
metformin combination (ED40e = 128.7 mg kg–1 bm), 500 µL of blood were taken from their 
lateral tail by a 23-gauge syringe needle, then the blood samples were tested in a BC7000 
hematology analyzer (Kontrolab, Italy) and a dry chemistry analyzer HB1 (Skyla, China). 
Parameters were measured in 12-h fasted rats before the treatment and at 1, 2 and 3 months, 
24 h after the last administration.

Data analysis

ED40e for mazindol and metformin were obtained from their respective log dose- 
- response curves by linear regression. ED40e was chosen for the interaction analysis of 
mazindol-metformin due to the fact that metformin was not able to reach an anorectic 
 effect of 50 % in the sweetened milk intake test (48.6 %).

To determine the type of interaction, theoretical effective doses of the combination 
were calculated using a fixed-dose ratio of 0.5: 0.5 and fractions of the ED40e for mazindol 
and metformin by the following equation:

EDxt = 0.5 (EDxe of mazindol) + 0.5 (EDxe of metformin)

where, x = 5, 10, 20 or 40 %. Thus, ED5t = 0.8 + 13.1 mg kg–1 bm, ED10t = 1.7 + 26.1 
mg kg–1 bm, ED20t = 3.3 + 52.2 mg kg–1 bm, and ED40t = 6.6 + 104.4 mg kg–1 bm, resp. Then, 
theoretical doses were tested in the sweetened milk intake test, and ED40e for mazindol-
metformin (7.7 + 121.0 mg kg–1 bm, resp.) was interpolated from its log dose-response curve 
obtained experimentally. The fixed-dose ratio of 0.5:0.5 was established to increase the 
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probability of identifying any anorectic interaction. For the sake of clarity, the doses for the 
combination are shown as the sum of mazindol and metformin doses throughout the text.

In order to analyze the type of interaction of mazindol-metformin, isobologram was 
constructed plotting the ED40e value of mazindol on the abscissa and the ED40e value of 
metformin on the ordinate. Later, a diagonal line connecting both ED40e values was traced 
to obtain the theoretical line of additivity; finally, either ED40e or ED40t for the combination 
were added within the isobologram.

To determine the type of interaction of mazindol-metformin theoretical effective dose 
40 (ED40t) and ED40e values were compared by Student’s t-test, as well as by the interaction 
index (γ = ED40e/ED40t), confidence intervals and isobologram plot (17, 18). The additivity 
between mazindol and metformin was established if ED40t was not different from ED40e by 
Student’s t-test, ED40t confidence interval overlapped the ED40e confidence interval, γ was 
close to 1, γ confidence interval crossed through 1 and ED40e was near to additivity line in 
the isobologram plot.

To determine the intensity and duration of anxiolytic effect with each treatment, the 
area under the curve (% open arm entries against time or % time spent on the open arms 
against time) was calculated by the trapezoidal rule. 

All statistical differences between treatments were obtained by one-way analysis of 
variance (ANOVA), followed by Dunnett`s test whereas differences with respect to the 
vehicle group, in time-course experiments, were analyzed by two-way ANOVA followed 
by Tukey ś test. Experimental differences were statistically different if the p-value was less 
than 0.05.

All results are presented as the mean ± standard error of the mean (SEM) of 6 rats. 

RESULTS AND DISCUSSION

Anorectic effects of mazindol and metformin alone

The anorectic effect of mazindol, metformin and mazindol-metformin combination was 
assessed using the sweetened milk intake test. Increasing doses of acute oral administration 
of mazindol (1.7–30 mg kg–1 bm) dose-dependently reduced milk intake (Fig. 1a). Thus, 

Fig. 1. Anorectic effect of individual treatment with: a) mazindol and b) metformin. Given are means 
and SEM bars, n = 6. * Significant difference vs. vehicle group (Veh): p < 0.05.

a)                                                         b)
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mazindol had an anorectic efficacy of 52.1 ± 6.8 % at the dose of 30 mg kg–1 bm and an ED40e 
= 13.2 ± 2.8 mg kg–1 bm (Table I). Previous studies have pointed out that the mazindol treat-
ment was able to reduce the body mass increase and calorie intake in the models of ventro-
medial hypothalamic injured obese rats (14) and obese diabetic yellow KK mice (19). Concor-
dantly, several double-blind, placebo-controlled clinical studies indicated that mazindol is 
more effective than a placebo in achieving weight loss (11, 13). Moreover, a recent meta-
analysis confirmed that mazindol induced more weight loss than a placebo (20).

Also, metformin administered orally (30–300 mg kg–1 bm) had decreased the sweet-
ened milk consumption in a dose-dependent manner (Fig. 1b). According to the plot, met-
formin reached an anorectic effect of 48.6 ± 17.8 % at 300 mg kg–1 bm and it had an ED40e = 
208.9 ± 27.0 mg kg–1 bm (Table 1). In line with these results, metformin-induced weight loss 
in obese rats (21) and mice (22) and, decreased body mass in chickens (23). Moreover, a 
growing body of evidence demonstrates that metformin induces a modest weight loss in 
human beings (24–26). In this regard, the current study confirms the anorectic effect of 
mazindol and metformin individually in the sweetened milk intake test in rats.

Effect of mazindol-metformin combination on anorexia and body mass

To determine the anorectic interaction of mazindol and metformin in sweetened milk 
intake test, the ED5t = 13.9 mg kg–1 bm, ED10t = 27.8 mg kg–1 bm, ED20t = 55.5 mg kg–1 bm, and 
ED40t = 111.0 mg kg–1 bm were tested experimentally. The acute oral administration of 
mazindol-metformin reduced in a dose-dependent manner the sweetened milk consump-
tion reaching experimentally an anorectic effect of 40.0 ± 6.1 % at the highest tested dose. 
In addition, the linear regression analysis for the dose-response curve of the combination 
showed ED40e = 128.7 ± 25.0 mg kg–1 bm (Fig. 2a). Contrary to our results, Iorio et al. (27) 
indicated that amobarbital, diazepam, thioridazine and prochlorperazine did not affect 
the decrease in food consumption induced by mazindol. This difference may be due to the 
mechanism of action of the drugs used in combination with mazindol (GABAA agonism 
or D2 antagonism vs. inhibition of AMP-kinase).

In the interaction analysis, the ED40e (128.7 ± 25.0 mg kg–1 bm) of the mazindol-metfor-
min combination was not statistically different from ED40t (111.1 ± 13.6 mg kg–1) calculated 
for this combination (Table II), as is shown in the isobologram plot where the ED40e is very 
near to ED40t value (Fig. 2b). Concordantly, the ED40e confidence interval of the mazindol-
metformin overlapped with the theoretical ED40t confidence interval of this combination, 
the interaction index (γ) was around 1 and its confidence interval passed through 1 (Table 
II). In this regard, both, statistical and graphic analysis indicate that mazindol-metformin 
combination shows an additive anorectic effect in 12-h deprived rats. 

Table I. Experimental effective doses 40 (ED40e) of mazindol or metformin

Drug ED40e ± SEMa R2

Mazindol (mg kg–1 bm) 13.2 ± 2.8 0.953

Metformin (mg kg–1 bm) 208.9 ± 27.0 0.979

a n = 24.
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The additive anorectic effect of the mazindol-metformin combination may be under-
stood by the complementary mechanisms of both drugs. The mechanism of anorectic ac-
tion of mazindol probably includes the stimulation of catecholaminergic systems in the 
central nervous system, including dopamine (28), serotonin (29) and noradrenaline (30). 
Additionally, mazindol also seems to reduce the food intake through suppression of the 
firing rate of glucose-sensitive neurons in the lateral hypothalamus by a dopamine-inde-
pendent mechanism (12, 31). Moreover, it was suggested that mazindol may induce weight 
loss stimulating thermogenesis via increased noradrenaline turnover in the brown adipose 
tissue (19), inhibiting the gastric acid secretion (12) and absorption of glucose in the small 
intestine (32), increasing glucose uptake by the skeletal muscle (33) and reducing hyper-
secretion of insulin from the ventromedial hypothalamic area (14). In a complementary 
manner, metformin induces anorexia by inhibition of ghrelin-induced hypothalamic 
AMP-kinase/acetyl-CoA carboxylase/regulatory-associated protein of mTOR signaling 
(34). It also seems to down-regulate orexigenic peptides as agouti-related protein or neuro-
peptide Y and, increase anorexigenic peptides as pro-opiomelanocortin, in the hypothalamus, 
through STAT3 signaling pathway (35). Furthermore, it has been demonstrated that met-
formin improves the sensitivity to leptin and insulin, two hormones capable of modulating 
AMP-kinase and STAT3 in the hypothalamus, to produce anorexia (6, 34). Alike, metformin 

Table II. Statistical analysis of mazindol-metformin combination

Mazindol-metformin combination
(mg kg–1 bm) γ ± SEM

(CI at 90 %)aTheoretical
ED40t ± SEM (CI at 90 %)a

Experimental
ED40e ± SEM (CI at 90 %)a

111.1 ± 13.6
(79.1–156.0)

128.7 ± 25.0
(55.8–296.9)

1.16 ± 0.27
(0.70–1.93)

a n = 24.

Fig. 2. a) Anorectic effect and b) isobolographic analysis of the combination mazindol + metformin in 
12-h fasted rats. Given are means and SEM bars, n = 6. * Significant difference vs. vehicle group (Veh): 
p < 0.05. ED40t (●) – theoretical effective dose for 40 % effect, ED40e (○) – experimental effective dose for 
40 % effect.

a)                                                            b)
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enhances glucagon-like peptide-1 level to induce satiation, through the inhibition of di-
peptidyl peptidase-IV, an enzyme that degrades importantly to glucagon-like peptide-1 (8) 
and the activation of muscarinic and gastrin-releasing peptide pathways (9). The current 
data seems to indicate that mazindol-metformin combination may be achieved, due to 
their complementary mechanisms of action on the regulation of food intake, in lower doses 
of each drug, thus demonstrating additive action with a reduction of dose-related adverse 
events.

In addition, chronic administration of mazindol-metformin (ED40e = 128.7 mg kg–1 bm) 
for 90 days significantly decreased the body mass in rats from week 6 onwards in respect 
to the vehicle group, but not mazindol (ED40e = 13.2 mg kg–1 bm) or metformin (ED40e = 208.9 
mg kg–1 bm) groups (Fig. 3). Thus, the current study demonstrates for the first time that 
mazindol-metformin combination has an additive anorectic effect, which in turn impacts 
the body mass.

Safety profile of the mazindol-metformin combination

Fig. 4 shows that a single dose of ED40e of mazindol (13.2 mg kg–1 bm), but not ED40e of 
metformin (208.9 mg kg–1 bm), enhanced significantly the time spent in the open arms (Figs. 
4a,b) and open arm entries (Figs. 4c,d) in comparison to the vehicle group, in 12-h food-
deprived rats. Interestingly, in the mazindol-metformin group (ED40e = 128.7 mg kg–1 bm), 
metformin was able to maintain the anxiolytic effect of mazindol with approximately the 
half of the mazindol dose used individually (Fig. 4). This finding seems to demonstrate for 
the first time the anxiolytic effect of mazindol, but this should be confirmed in other anxio-
lytic models since the plus-maze model loses predictive validity in the evaluation of drugs 
that act by mechanisms which do not include GABAergic system (36). Thus, the apparent 
anxiolytic effect could be also explained by an increase in motor activity induced by 
mazindol (37). The results of the current study allow us to suggest that mazindol-metformin 
combination may be directed to obese patients with anxiety disorders due to the fact that 
there is a positive association between obesity and anxiety (38) and, the prevalence of 
 anxiety disorders as binge eating disorder in overweight patients is around 20 % (39).

Fig. 3. ED40e of mazindol (13.2 mg kg–1 bm), metformin (208.9 mg kg–1 bm) or mazindol-metformin 
combination (128.7 mg kg–1 bm) on body mass. Given are means and SEM bars, n = 6. * Significant 
difference vs. vehicle group, p < 0.05.
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Oral administration for 90 days of mazindol, metformin or mazindol-metformin com-
bination did not change significantly diastolic or systolic blood pressure. Likewise, blood 
cell and red blood cell count remained constant throughout the pharmacological treat-
ment. On the contrary, glucose level, but not other blood chemistry parameters, was re-
duced from 5.6 ± 0.4 to 5.0 ± 0.5 mmol L–1, and 5.6 ± 0.5 to 4.6 ± 0.6 mmol L–1 after 3 months 
of the chronic metformin alone (data not shown) or mazindol-metformin combination 
(Table III) treatment, resp. These data suggested a good tolerability profile of the combina-
tion and seems to show that mazindol enhances the glycemic control induced by metfor-
min. Taking in consideration that obesity is the strongest aetiological risk factor for deve-
loping type 2 diabetes (4) and that metformin is considered as a suitable candidate for 
diabetes prophylaxis, but with the disadvantage of a weak clinical weight-reduction (1), we 
suggest that mazindol-metformin combination may be especially useful as weight loss 
medication in obese patients with diabetes risk factors because of its anorectic and hypo-
glycemic effects. In line with the current results, the literature showed that metformin 
reduces the incidence of persons at high risk for diabetes mellitus (40) and mazindol 
 reduces the blood glucose and insulin concentrations in mice (19).

Moreover, in the current study, acute administration of mazindol, but not metformin, 
showed mild piloerection, stereotyped movements of head and forepaws and walking in 
circles (data not shown), at the highest dose tested, indicating disturbances at the central 
nervous system level. These adverse events are in line with a previous study where the 

Fig. 4. The anxiolytic effect of ED40e of mazindol (13.2 mg kg–1 bm), metformin (208.9 mg kg–1 bm) and 
mazindol-metformin mixture (128.7 mg kg–1 bm) in the plus maze task. Given are means and SEM 
bars, n = 6. * Significant difference vs. vehicle group, p < 0.05.

a)                                                                 b)

c)                                                                 d)
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Table III. Effect of ED40e of mazindol-metformin combination on blood chemistry, hematic biometry and blood 
pressure in rats

Parameter

Mazindol-metformin combination

Duration (month)

0 1 2 3

Blood chemistrya

Albumin (g L–1) 37.7 ± 4.6 37.3 ± 2.0 41.0 ± 2.0 41.4 ± 2.1

Globulins (g L–1) 23.2 ± 8.7 20.5 ± 4.6 21.7 ± 2.5 22.6 ± 2.2

Total protein (g L–1) 60.9 ± 12.7 57.8 ± 5.5 62.7 ± 4.1 64.0 ± 2.6

Glucose (mmol L–1) 5.6 ± 0.5 4.8 ± 0.6 4.7 ± 0.5* 4.6 ± 0.6*

Alkaline phosphatase (U L–1) 191.7 ± 55.6 211.3 ± 52.5 175.3 ± 55.8 189.4 ± 51.5

Alkaline aminotransferase (U L–1) 34.3 ± 3.4 40.3 ± 4.6 36.8 ± 5.7 36.4 ± 5.7

Amylase (U L–1) 166.5 ± 27.8 158.5 ± 19.5 184.5 ± 18.1 173.2 ± 21.7

Uremic nitrogen (mmol L–1) 6.2 ± 0.8 6.3 ± 0.5 6.5 ± 0.5 6.2 ± 0.5

Creatinine (µmol L–1) 31.7 ± 5.2 34.0 ± 8.3 36.2 ± 10.2 33.4 ± 7.4

Calcium (mmol L–1) 2.02 ± 0.22 2.07 ± 0.12 2.23 ± 0.13 2.16 ± 0.06

Phosphate (mmol L–1) 1.86 ± 0.10 1.90 ± 0.14 1.76 ± 0.21 1.80 ± 0.07

Sodium (mmol L–1) 153.7 ± 2.4 155.2 ± 1.9 151.8 ± 2.9 154.0 ± 2.0

Potassium (mmol L–1) 6.3 ± 0.2 6.7 ± 0.5 6.4 ± 0.3 6.4 ± 0.3

Hematic biometrya

White blood cells (×109 cells L–1) 6.5 ± 1.5 6.6 ± 1.3 6.6 ± 0.9 6.7 ± 0.7

Lymphocytes (×109 cells L–1) 1.0 ± 0.5 0.8 ± 0.2 0.8 ± 0.2 1.0 ± 0.2

Monocytes (×109 cells L–1) 3.0 ± 0.5 3.3 ± 0.6 3.5 ± 0.4 3.3 ± 0.5

Granulocytes (×109 cells L–1) 2.4 ± 0.7 2.6 ± 0.7 2.3 ± 0.5 2.4 ± 0.5

Red blood cells (×1012 cells L–1) 8.0 ± 0.7 8.1 ± 0.7 8.1 ± 0.6 8.0 ± 0.4

Hemoglobin (g L–1) 122.0 ± 8.3 125.5 ± 7.9 126.8 ± 10.0 124.8 ± 7.3

Hematocrit (%) 48.4 ± 4.2 51.9 ± 3.7 52.5 ± 4.6 51.9 ± 1.9

Platelets (×109 cells L–1) 338.8 ± 57.2 279.5 ± 61.6 297.0 ± 61.1 296.2 ± 45.0

Mean platelet volume (fL) 15.00 ± 0.82 15.85 ± 0.80 15.70 ± 0.61 15.34 ± 0.54

Plateletcrit (%) 0.45 ± 0.08 0.43 ± 0.07 0.46 ± 0.08 0.42 ± 0.07

Blood pressurea

Systolic blood pressure (mm Hg) 119.4 ± 1.3 117.4 ± 1.3 120.2 ± 3.5 122.3 ± 2.1

Diastolic blood pressure (mm Hg) 91.0 ± 0.5 97.8 ± 3.5 90.8 ± 1.1 92.3 ± 1.2

a Mean ± SEM, n = 6.
* Significant difference vs. basal value (time 0): p < 0.05.
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authors showed that mazindol triggers stereotyped behaviors as sniffing, licking and false 
bites (37). Importantly, the mazindol-metformin combination did not show such effects 
confirming that metformin improves the mazindol safety profile.

CONCLUSIONS

The results suggest that mazindol-metformin combination shows an additive anorectic 
effect, as well as hypoglycemic and anxiolytic properties, with a good safety profile. Thus, 
mazindol-metformin may be a therapeutic option as initial treatment for obesity in pa-
tients with diabetes risk factors and/or anxiety disorders, which deserves to be further 
studied in clinical trials.

Acknowledgements. – The current study was partly funded by IPN, SIP 20160591 (JGR-G) and 
Conacyt, INNOVATEC 221826 (CF-L). Metformin and mazindol were donated by Cecilia Fernández 
Del Valle-Laisequilla from Productos Medix S.A. de C.V.

REFERENCES

 1.  W. T. Cefalu, G. A. Bray, P. D. Home, W. T. Garvey, S. Klein, F. X. Pi-Sunyer, F. B. Hu, I. Raz, L. Van 
Gaal, B. M. Wolfe and D. H. Ryan, Advances in the science, treatment, and prevention of the dis-
ease of obesity: Reflections from a diabetes care editors’ expert forum, Diabetes Care 38 (2015) 
1567–1582; https://doi.org/10.2337/dc15-1081

 2.  Global BMI Mortality Collaboration, E. Di Angelantonio, S. Bhupathiraju, D. Wormser, P. Gao, S. 
Kaptoge, A. Berrington de Gonzalez, B. J. Cairns, R. Huxley, Ch. L. Jackson, G. Joshy, S. Lewing-
ton, J. E. Manson, N. Murphy, A. V. Patel, J. M. Samet, M. Woodward, W. Zheng, M. Zhou, N. 
Bansal, A. Barricarte, B. Carter, J. R. Cerhan, G. D. Smith, X. Fang, O. H. Franco, J. Green, J. Halsey, 
J. S. Hildebrand, K. J. Jung, R. J. Korda, D. F. McLerran, S. C. Moore, L. M. O’Keeffe, E. Paige, A. 
Ramond, G. K. Reeves, B. Rolland, C. Sacerdote, N. Sattar, E. Sofianopoulou, J. Stevens, M. Thun, 
H. Ueshima, L. Yang, Y. D. Yun, P. Willeit, E. Banks, V. Beral, Zh. Chen, S. M. Gapstur, M. J. 
Gunter, P. Hartge, S. H. Jee, T. H. Lam, R. Peto, J. D. Potter, W. C. Willett, S. G. Thompson, J. Danesh 
and F. B. Hu, Body-mass index and all-cause mortality: individual-participant-data meta-analysis 
of 239 prospective studies in four continents, Lancet 388 (2016) 776–786; https://doi.org/10.1016/
S0140-6736(16)30175-1

 3.  F. L. Greenway, Physiological adaptations to weight loss and factors favouring weight regain, Int. 
J. Obes. (London) 39 (2015) 1188–1196; https://doi.org/10.1038/ijo.2015.59

 4.  C. Langenberg, S. J. Sharp, P. W. Franks, R. A. Scott, P. Deloukas, N. G. Forouhi, P. Froguel, L. C. 
Groop, T. Hansen, L. Palla, O. Pedersen, M. B. Schulze, M. J. Tormo, E. Wheeler, C. Agnoli, L. Arri-
ola, A. Barricarte, H. Boeing, G. M. Clarke, F. Clavel-Chapelon, E. J. Duell, G. Fagherazzi, R. Kaaks, 
N. D. Kerrison, T. J. Key, K. T. Khaw, J. Kröger, M. Lajous, A. P. Morris, C. Navarro, P. M. Nilsson, K. 
Overvad, D. Palli, S. Panico, J. R. Quirós, O. Rolandsson, C. Sacerdote, M. J. Sánchez, N. Slimani, A. 
M. Spijkerman, R. Tumino, D. L. van der A, Y. T. van der Schouw, I. Barroso, M. I. McCarthy, E. Riboli 
and N. J. Wareham, Gene-lifestyle interaction and type 2 diabetes: the EPIC interact case-cohort 
study, PLoS Med. 11 (2014) e1001647; https://doi.org/10.1371/journal.pmed.1001647

 5.  J. Jordan, A. Astrup, S. Engeli, K. Narkiewicz, W. W. Day and N. Finer, Cardiovascular effects of 
phentermine and topiramate: a new drug combination for the treatment of obesity, J. Hypertens. 
32 (2014) 1178–1188; https://doi.org/10.1097/HJH.0000000000000145

 6.  S. K. Malin and S. R. Kashyap, Effects of metformin on weight loss: potential mechanisms, Curr. 
Opin. Endocrinol. Diabetes Obes. 21 (2014) 323–329; https://doi.org/10.1097/MED.0000000000000095



290

F. Argüelles-Tello et al.: Efficacy and safety of the metformin-mazindol anorectic combination in rat, Acta Pharm. 71 (2021) 279–291.

 

 7.  G. Aubert, V. Mansuy, M. J. Voirol, L. Pellerin and F. P. Pralong, The anorexigenic effects of metfor-
min involve increases in hypothalamic leptin receptor expression, Metabolism 60 (2011) 327–334; 
https://doi.org/ 10.1016/j.metabol.2010.02.007

 8.  J. R. Lindsay, N. A. Duffy, A. M. McKillop, J. Ardill, F. P. O’Harte, P. R. Flatt and P. M. Bell, Inhibition 
of dipeptidyl peptidase IV activity by oral metformin in type 2 diabetes, Diabet. Med. 22 (2005) 
654–657; https://doi.org/10.1111/j.1464-5491.2005.01461.x

 9.  A. J. Mulherin, A. H. Oh, H. Kim, A. Grieco, L. M. Lauffer and P. L. Brubaker, Mechanisms underly-
ing metformin-induced secretion of glucagon-like peptide-1 from the intestinal L cell, Endocrinology 
152 (2011) 4610–4619; https://doi.org/10.1210/en.2011-1485

10.  W. C. Knowler, E. Barrett-Connor, S. E. Fowler, R. F. Hamman, J. M. Lachin, E. A. Walker and D. M. 
Nathan, Diabetes Prevention Program Research Group, Reduction in the incidence of type 2 diabe-
tes with lifestyle intervention or metformin, N. Engl. J. Med. 346 (2002) 393–403; https://doi.
org/10.1056/NEJMoa012512

11.  S. Inoue, M. Egawa, S. Satoh, M. Saito, H. Suzuki, Y. Kumahara, M. Abe, A. Kumagai, Y. Goto and 
K. Shizume, Clinical and basic aspects of an anorexiant, mazindol, as an antiobesity agent in Japan, 
Am. J. Clin. Nutr. 55 (1992) 199S–202S; https://doi.org/10.1093/ajcn/55.1.199s

12.  T. Shiraishi, Mazindol effects on the salivary and gastric acid secretory mechanisms, Nihon 
Yakurigaku Zasshi (Folia Pharmacol.) 83 (1984) 159–172; https://doi.org/10.1254/fpj.83.159

13.  G. Slama, A. Selmi, M. Hautecouverture and G. Tchobroutsky, Double blind clinical trial of 
mazindol on weight loss blood glucose, plasma insulin and serum lipids in overweight diabetic 
patients, Diabet. Metab. 4 (1978) 193–199.

14.  M. Usami, Y. Seino, S. Nishi, H. Nakahara, M. Ikeda, S. Matsukura and H. Imura, Effect of mazindol 
on insulin and glucagon secretion in ventromedial hypothalamic obese rats, Nihon Yakurigaku 
Zasshi (Folia Pharmacol.) 85 (1985) 297–303; https://doi.org/10.1254/fpj.85.297

15.  L. E. Cruz-Álvarez, A. Zúñiga-Romero, J. C. Huerta-Cruz, F. J. Flores-Murrieta, J. G. Reyes-García, 
C. I. Araiza-Saldaña and H. I. Rocha-González, Antiallodynic interaction and motor performance 
of the pregabalin/thioctic acid and pregabalin/α-tocopherol combinations in neonatal streptozoto-
cin-induced diabetic rats, Drug Dev. Res. 79 (2018) 362–369; https://doi.org/10.1002/ddr.21473

16.  S. Pellow, P. Chopin, S. E. File and M. Briley, Validation of open:closed arm entries in an elevated 
plus-maze as a measure of anxiety in the rat, J. Neurosci. Meth. 14 (1985) 149–167; https://doi.
org/10.1016/0165-0270(85)90031-7

17.  R. J. Tallarida, Drug Synergism and Dose-Effect Data Analysis, Chapman & Hall/CRC, New York 2000, 
pp. 1–264.

18.  R. J. Tallarida, The interaction index: a measure of drug synergism, Pain 98 (2002) 163–168; https://
doi.org/10.1016/S0304-3959(02)00041-6

19.  T. Yoshida, T. Umekawa, Y. Wakabayashi, K. Yoshimoto, N. Sakane and M. Kondo, Anti-obesity and 
anti-diabetic effects of mazindol in yellow KK mice: its activating effect on brown adipose tissue 
thermogenesis, Clin. Exp. Pharmacol. Physiol. 23 (1996) 476–482; https://doi.org/10.1111/j.1440-1681.1996.
tb02764.x

20.  R. C. Lucchetta, B. S. Riveros, R. Pontarolo, R. B. Radominski, M. F. Otuki, F. Fernandez-Llimos and 
C. J. Correr, Systematic review and meta-analysis of the efficacy and safety of amfepramone and 
mazindol as a monotherapy for the treatment of obese or overweight patients, Clinics (Sao Paulo) 72 
(2017) 317–324; https://doi.org/10.6061/clinics/2017(05)10

21.  J. Rouru, R. Huupponen, U. Pesonen and M. Koulu, Subchronic treatment with metformin pro-
duces anorectic effect and reduces hyperinsulinemia in genetically obese Zucker rats, Life Sci. 50 
(1992) 1813–1820; https://doi.org/10.1016/0024-3205(92)90066-X

22.  K. N. de Oliveira Santana, D. F. Lelis, K. L. Mendes, J. F. Lula, A. F. Paraíso, J. M. Andrade, J. D. 
Feltenberger, J. Cota, D. V. da Costa, A. M. de Paula, A. L. Guimarães and S. H. Santos, Metformin 
reduces lipogenesis markers in obese mice fed a low-carbohydrate and high-fat diet, Lipids 51 (2016) 
1375–1384; https://doi.org/10.1007/s11745-016-4209-y



291

F. Argüelles-Tello et al.: Efficacy and safety of the metformin-mazindol anorectic combination in rat, Acta Pharm. 71 (2021) 279–291.

 

23.  C. M. Ashwell and J. P. McMurtry, Hypoglycemia and reduced feed intake in broiler chickens treat-
ed with metformin, Poult. Sci. 82 (2003) 106–110; https://doi.org/106-110. 10.1093/ps/82.1.106

24.  A. Saenz, I. Fernandez-Esteban, A. Mataix, M. Ausejo, M. Roque and D. Moher, Metformin mono-
therapy for type 2 diabetes mellitus, Cochrane Database Syst. Rev. 3 (2005) CD002966; https://doi.
org/10.1002/14651858.CD002966.pub3

25.  S. K. Graff, F. M. Mario, P. Ziegelmann and P. M. Spritzer, Effects of orlistat vs. metformin on weight 
loss-related clinical variables in women with PCOS: systematic review and meta-analysis, Int. J. 
Clin. Pract. 70 (2016) 450–461; https://doi.org/10.1111/ijcp.12787

26.  F. Hui, Y. Zhang, T. Ren, X. Li, M. Zhao and Q. Zhao, Role of metformin in overweight and obese 
people without diabetes: a systematic review and network meta-analysis, Eur. J. Clin. Pharmacol. 75 
(2019) 437–450; https://doi.org/10.1007/s00228-018-2593-3

27.  L. C. Iorio, E. A. Ryan and J. H. Gogerty, Combinations of selected CNS depressants with d-amphet-
amine or mazindol on food intake and motor activity of rats, Eur. J. Pharmacol. 36 (1976) 89–94; 
https://doi.org/10.1016/0014-2999(76)90260-0

28.  Z. L. Kruk and M. R. Zarrindast, Mazindol anorexia is mediated by activation of dopaminergic 
mechanisms, Br. J. Pharmacol. 58 (1976) 367–372; https://doi.org/10.1111/j.1476-5381.1976.tb07713.x

29.  N. Shimizu, S. Take, T. Hori and Y. Oomura, Hypothalamic microdialysis of mazindol causes an-
orexia with increase in synaptic serotonin in rats, Physiol. Behav. 49 (1991) 131–134; https://doi.
org/10.1016/0031-9384(91)90243-H

30.  R. G. Engstrom, L. A. Kelly and J. H. Gogerty, The effects of 5-hydroxy-5(4’-chlorophenyl)-2,3-di-
hydro-5H-imidazo(2,1-a)isoindole(mazindol, SaH 42-548) on the metabolism of brain norepineph-
rine, Arch. Int. Pharmacodyn. Ther. 214 (1975) 308–321.

31.  S. K. Sikdar, Y. Oomura and A. Inokuchi, Effects of mazindol on rat lateral hypothalamic neurons, 
Brain Res. Bull. 15 (1985) 33–38; https://doi.org/10.1016/0361-9230(85)90058-9

32.  S. Inoue, M. Tsuchiya and Y. Takamura, Effects of mazindol on food intake in ventromedial hypo-
thalamic lesioned rats and glucose absorption in rats, Int. J. Obes. 11 (1987) 63–69.

33.  M. J. Kirby and P. Turner, Do „anorectic” drugs produce weight loss by appetite suppression? Lancet 
1 (1976) 566–567; https://doi.org/10.1016/S0140-6736(76)90360-3

34.  D. Stevanovic, K. Janjetovic, M. Misirkic, L. Vucicevic, M. Sumarac-Dumanovic, D. Micic, V. Starcev-
ic and V. Trajkovic, Intracerebroventricular administration of metformin inhibits ghrelin-induced 
hypothalamic AMP-kinase signalling and food intake, Neuroendocrinology 96 (2012) 24–31; https://
doi.org/10.1159/000333963

35.  W. S. Lv, J. P. Wen, L. Li, R. X. Sun, J. Wang, Y. X. Xian, C. X. Cao, Y. L. Wang and Y. Y. Gao, The effect 
of metformin on food intake and its potential role in hypothalamic regulation in obese diabetic rats, 
Brain Res. 1444 (2012) 11–19; https://doi.org/10.1016/j.brainres.2012.01.028 

36.  R. J. Rodgers and A. Dalvi, Anxiety, defence and the elevated plus-maze, Neurosci. Biobehav. Rev. 21 
(1997) 801–810; https://doi.org/10.1016/S0149-7634(96)00058-9

37.  R. Mattei and E. A. Carlini, Mazindol: anorectic and behavioral effects in female rats, Arch. Int. 
Pharmacodyn. Ther. 330 (1995) 279–287.

38.  G. Gariepy, D. Nitka and N. Schmitz, The association between obesity and anxiety disorders in the 
population: a systematic review and meta-analysis, Int. J. Obes. (London) 34 (2010) 407–419; https://
doi.org/10.1038/ijo.2009.252

39.  D. E. Smith, M. D. Marcus and K. L. Eldredge, Binge eating syndromes: A review of assessment and 
treatment with an emphasis on clinical application, Behav. Ther. 25 (1994) 635–665; https://doi.
org/10.1016/S0005-7894(05)80202-3

40.  S. R. Salpeter, N. S. Buckley, J. A. Kahn and E. E. Salpeter, Meta-analysis: metformin treatment in 
persons at risk for diabetes mellitus, Am. J. Med. 121 (2008) 149–157; https://doi.org/10.1016/j.am-
jmed.2007.09.016


