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Abstract

The aim of this study was to determine, in the diet-induced obesity model in rats, the potential of Guanabenz to reduce body
weight and ameliorate some metabolic disturbances. Obesity was induced in rats by a high-fat diet. After 10 weeks, rats were
treated intraperitoneally with Guanabenz at the two doses: 2 or 5 mg/kg b.w./day, once daily for 25 days. The spontaneous
activity of rats was measured for 24 h on the 1st and 24th day of the Guanabenz treatment with a special radio-frequency
identification system. Gastric emptying was measured in intragastric phenol red-treated mice by measuring the color of the
stomach homogenate 30 min after phenol red administration. Intraperitoneal administration of Guanabenz for 25 days to
obese rats resulted in a significant decrease in body weight compared to the baseline values (about 11% at a dose of 5 mg/
kg). Both body weight and the amount of adipose tissue in the groups receiving Guanabenz decreased to the levels observed
in the control rats fed only standard feed. The anorectic effect occurred in parallel with a reduction in plasma triglyceride
levels. We also confirmed the beneficial effect of Guanabenz on plasma glucose level. The present study demonstrates that
the administration of Guanabenz strongly inhibits gastric emptying (about 80% at a dose of 5 mg/kg). Guanabenz can suc-
cessfully and simultaneously attenuate all the disorders and risk factors of metabolic syndrome: hypertension, hyperglycemia,

obesity, and dyslipidemia. However, the exact cellular mechanisms of its action require further research.

Keywords Guanabenz - Body weight - Metabolic syndrome - Core temperature - Gastric emptying

Introduction

Every year, many people die of overweight, obesity, and
the numerous health conditions that follow excess weight
gain, particularly type 2 diabetes mellitus, coronary dis-
orders, or increased incidence of various forms of cancer.
Nowadays, obesity is also associated with a higher risk
of death among those infected with COVID-19 (Jimenez-
Munoz et al. 2021). For health, social, and economic
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reasons, there is an urgent need to find novel, effective,
and safe weight-reducing drugs. On the other hand, it is
valuable to search for new indications, among the pool
of drugs already registered for other diseases. Such an
approach provides us with the knowledge which can be
used faster and more efficiently to combat the specific
disease.

Guanabenz (2,6-dichlorobenzenelidenamminoaguani-
dine acetate) is a central sympathetic agent belonging to the
class of “aminoguanidine”. Its chemical structure derives
from the combination of the substituted benzene ring of clo-
nidine, a non-selective a2-adrenoceptor agonist, with the
aminoguanidine side chain of guanethidine (Tu et al. 2017,
Hall et al. 1985). Similarly to the other central sympatholy-
tic agents, Guanabenz appears to exert its antihypertensive
activity by selectively stimulating the central postsynaptic
a2-adrenoceptors located in the brainstem, along with the
rostral ventrolateral medulla, the regulatory site of sympa-
thetic activity (Kario 2018; Sica 2007). Central activation
of the a2-adrenoceptors leads to a cycle of hemodynamic
events resulting in a decrease in systemic blood pressure
(Baum and Shropshire 1976; Bosanac et al. 1976).
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The hypotensive effects of Guanabenz are reflected in a
decrease in norepinephrine levels due to inhibition of sym-
pathetic outflow from the brain to the peripheral system,
a reduction in total peripheral resistance, cardiac output,
and heart rate both at rest and during exercise. Moreover, in
patients treated with Guanabenz, a lower renin release and
an increased sodium excretion were detected (Holmes et al.
1983). Guanabenz effectiveness in the regression of left ven-
tricular hypertrophy has also been reported (Miyajima et al.
2000; Vongpatanasin et al. 2011). It may be used safely in
antihypertensive therapy due to the absence of acute effects
on cardiac function (Walker et al. 1977). In addition, recent
studies have highlighted the potential of Guanabenz to lower
serum cholesterol levels by approximately 10-20%. This
noteworthy metabolic activity may be attributed to inhibi-
tion of cholesterol production at the hepatic level, as well as
triglyceride synthesis (Kario 2018).

Interaction with a2-adrenoceptors settled in the nucleus
tractus solitarii, nucleus coeruleus, and salivary glands
frequently brings about side effects such as sedation, dry
mouth, and impotence (McMahon et al. 1977).

The onset of the Guanabenz pharmacological action occurs
in 1-2 h and persists for approximately 8 up to 12 h, while the
plasma peak concentration is achieved within 2-5 h after oral
administration (Meacham et al. 1981). It is quickly absorbed
into the gastrointestinal tract, subjected to extensive hepatic
first-pass metabolism and eliminated in the urine within the first
24 h mainly as the inactive metabolite (E)-p-hydroxyguanabenz
(Lasseter et al. 1984). Less than 1% of the dose is excreted as
an unchanged drug. Guanabenz is 90% bound to human plasma
proteins (Holmes et al. 1983).

The results of our experiments, revealing that Guanabenz
may reduce body weight and ameliorate some metabolic dis-
turbances, are highly valuable. The compound has already
undergone extensive safety and efficacy trials, so its further
development and search for new indications are beneficial
not only from the social but also an economic point of view.

Materials and methods
The scheme of the experiment is shown in Fig. 1.
Animals

Experiments were carried out on male Wistar rats (total of
fifty-five animals) with an initial body weight of 150-160 g
(6-weeks-old — obesity model, rats’ core temperature meas-
urement) or 220-260 g (8-weeks-old — blood pressure test)
and on twenty-eight male CD-1 mice with the body weight
of 25 g (8-weeks-old — inhibition of gastric emptying). The
animals were obtained from the animal house of the Fac-
ulty of Pharmacy, Jagiellonian University Medical College,

@ Springer

Cracow. The rats were housed in pairs in plastic cages in
constant-temperature facilities exposed to a light—dark
cycle; water and food were available ad libitum. The ran-
domly established experimental groups consisted of 6 rats
or 6 mice. All experiments were carried out according to the
guidelines of the Animal Use and Care Committee of the
Jagiellonian University and were approved for realization
(Permissions No 54/2012 and No 128/2017).

The study was carried out according to the Basic and
Clinical Pharmacology and Toxicology policy for experi-
mental and clinical studies (Tveden-Nyborg et al. 2021).

Compounds

Guanabenz acetate (Sigma Aldrich, Germany) was admin-
istered intraperitoneally (i.p.) to rats, at the doses of 2 or
5 mg/kg b.w./day (LDs for rats after i.p. administration is
64 mg/kg b.w. (PubChem [Internet] 2021)). Vehicle (water)
was administered i.p. at a volume of 1 ml/kg. This route of
administration was chosen to ensure that the special high-fat
feed would not interfere with drug absorption. Only in the
test of gastric-emptying inhibition, Guanabenz was adminis-
tered to mice intragastrically (i.g.) according to the available
methodology.

Heparin and loperamide were purchased from Polfa War-
szawa S.A. (Warsaw, Poland), and thiopental sodium was
obtained from Sandoz GmbH (Kundl, Austria).

Induction of obesity with a high-fat diet (HFD)
and influence of Guanabenz on body weight, energy
intake, and spontaneous activity

Male Wistar rats were fed HFD consisting of 40% fat from
blend (Labofeed B with 40% lard, Morawski, Manufacturer
Feed, Poland) for 13 weeks, with water available ad libitum
(Dudek et al. 2015a; Kotanska et al. 2018). Control rats were
fed a standard diet (Labofeed B, Morawski Manufacturer
Feed, Poland).

After 10 weeks, rats with obesity were randomly
divided into three equal groups that had the same mean
body weight and were treated i.p. with Guanabenz at
the two doses: 2 or 5 mg/kg b.w./day (two experimen-
tal groups) or with vehicle (diet-induced obesity control
group) once a day in the morning between 9:00 A.M.
and 10:00 A.M. for 25 days. Rats with obesity (total of
three groups) were kept on a HFD throughout the treat-
ment period (25 days). Control rats (one group) were
maintained on a standard diet and during the last 25 days
of the experiment were receiving daily i.p. injections
of vehicle (water). Guanabenz was administered i.p.
to exclude the potential influence of a special feed on
absorption and bioavailability.
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OBESITY INDUCED WITH A HIGH-FAT DIET (HFD) AND
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Fig.1 Scheme of the experiments

Food intake was measured three times a week, and body
weight was measured daily, immediately prior to the Guana-
benz administration. The feed was given in special feeders
specially adapted to rats, which limited its spreading around
the cage.

Fatty feed composition (932 g of dry mass): protein —
193 g, fat (lard) — 408 g, fiber — 28.1 g, crude ash —
43.6 g, calcium — 9.43 g, phosphorus — 5.99 g, sodium
— 1.76 g, sugar — 76 g, magnesium — 1.72 g, potassium
— 7.62 g, manganese — 48.7 mg, iodine — 0.216 mg, cop-
per — 10.8 mg, iron — 125 mg, zinc — 61.3 mg, cobalt —
0.253 mg, selenium — 0.304 mg, vitamin A — 15,000 units,
vitamin D3 — 1000 units, vitamin E — 95.3 mg, vitamin
K3 3.0 mg, vitamin B1 — 8.06 mg, vitamin B2 — 6.47 mg,
vitamin B6 — 10.3 mg, vitamin B12 — 0.051 mg, folic
acid — 2.05 mg, nicotinic acid — 73.8 mg, pantothenic
acid — 19.4 mg, choline — 1578 mg. High-fat diet (HFD)
contained 100 g feed — 550 kcal.

Standard diet contained 100 g feed — 280 kcal.

The spontaneous activity of rats was measured for 24 h
on the 1st (after first administration) and 24th (after multiple
administrations) day of the Guanabenz treatment at a dose
of 5 mg/kg b.w./day with a special radio-frequency identifi-
cation system (RFID-system) — TraffiCage (TSE-Systems,
Germany) (Dudek et al. 2015b, 2016). The animals had
subcutaneously implanted transmitter identification, which
allowed the presence and time spent in different areas of the
cage to be recorded, and then the data were collected with a
special computer program.

Collection of the peritoneal fat and plasma
After the last (twenty-fifth) administration of the test com-
pound, the feed was discontinued. On the 26th day of the

experiment, 20 min after i.p. administration of heparin
(5000 IU/rat) and thiopental (70 mg/kg b.w.), blood was
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collected from the left carotid artery and then centrifuged at
600 % g (15 min, 4 °C) in order to obtain plasma. Intraperi-
toneal fat was also collected and weighed.

Biochemical analysis

To determine the levels of glucose, total cholesterol, and
triglycerides in plasma, standard enzymatic and spectropho-
tometric tests (Biomaxima S.A. Lublin, Poland) were used.

Effect of Guanabenz on the rats’ core temperature

Animals with induced obesity (two additional groups of six
rats each) were subcutaneously implanted with a DST micro-
HRT heart rate logger (Star-Oddi, Island), which simulta-
neously measured the long-term core temperature. Under
general anesthesia (thiopental, 70 mg/kg, i.p.), the loggers
were inserted under the skin in the groin area and sutured
with surgical thread. Forty-eight hours later, the baseline
temperature was measured, and at 9:30 A.M., single Gua-
nabenz dose (5 mg/kg b.w.) was administered i.p. The first
measurement was recorded 30 min after the test compound
administration, and then the temperature was recorded every
hour. After 24 h, the loggers were removed, the temperature
data were read, and Mercury software (Star-Oddi Mercury
Data Logger PC Software, Iceland) was used to collect and
analyze the obtained information (Dudek et al. 2015a).
Using this technology, measurements are made without the
direct intervention of the researcher; therefore, there is no
disturbance in the readings evoked by stress in the animals.

Inhibition of gastric emptying in the mouse model

The experiment was planned in order to evaluate the ability
of the test drug to inhibit gut motility and was conducted
according to Miyasaka et al. (Miyasaka et al. 2004) with
some minor modifications. Mice were deprived of food
for 22 h and of water for 2 h prior to the testing. Vehicle
(0.25 ml/mouse) and drugs: Guanabenz (5 mg/kg b.w.) or
loperamide (reference compound — 10 mg/kg b.w) were
administered i.g. by gastric gavage. Phenol red (0.5 ml,
0.05% w/v) was dosed i.g. 45 min later. Seven vehicle-
treated mice were sacrificed immediately after phenol red
administration and used as a standard control (100% phenol
red in the stomach =0 min), these points were considered to
have a maximum absorbance (100%). The remaining mice
were sacrificed 30 min later. Stomachs were excised and
homogenized (by OMNI homogenizer, OMNI International
a PerkinElmer Company, USA) with 10 ml of NaOH (0.1 N).
To 5 ml of homogenate, 0.5 ml of 20% w/v trichloroacetic
acid was added to precipitate the proteins. Then, samples
were centrifuged at 600X g (15 min, 20 °C), and 1 ml of
supernatant was mixed with 4 ml of 0.5 N NaOH to develop
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the highest color intensity. The level of phenol red was
determined by spectrophotometry (absorbance assessed at
560 nm). Gastric emptying (GE %) was calculated for each
mouse according to the following equation:

individualabsorbanceofthesample

GE%)=1- 100

meanabsorbanceofstandardcontrol

The effect of Guanabenz on blood pressure
of non-obese rats (Kotanska et al. 2018)

Eighteen normotensive rats were anesthetized with thiopen-
tal (70 mg/kg) by i.p. injection. The left carotid artery was
cannulated with tubing filled with heparin solution in saline
to facilitate pressure measurements using Apparatus Pow-
erLab 4/35 (ADInstruments, Australia). Blood pressure was
measured: before i.p. administration of Guanabenz at the
doses of 2 or 5 mg/kg b.w. or water — time 0 min (control
pressure) and continuously during the next 60 min.

Statistical analysis

Statistical analysis was performed using GraphPad Prism
6 software (GraphPad Software, USA). The data should be
normally distributed to perform the analysis of variance;
therefore, normality of the datasets was determined using
the Shapiro—Wilk test. Results showed that the analysis of
variance was appropriate, and comparisons between experi-
mental and control groups were performed by one-way or
two-way ANOVA, followed by Tukey post hoc or multiple
t tests (spontaneous activity). Differences were considered
significant at p <0.05.

Results
Calorie intake

In the first week of Guanabenz administration (regardless of
the dose administered), a significant decrease in kcal intake
was observed by treated animals compared to the obese con-
trol group. The effect was less pronounced after administra-
tion of Guanabenz at a dose of 2 mg/kg b.w.; therefore, the
kcal intake in these animals was significantly higher than
in the control group fed only standard feed. However, in
the second and third weeks of treatment, only animals in
the group receiving the test compound at a dose of 5 mg/kg
b.w. consumed significantly less kcal compared to the obese
control group (F(6,16)=22.28, p <0.0001) (Fig. 2).
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Fig. 2 Effect of Guanabenz administration on calorie intake in obese
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Gastric emptying
Guanabenz administered at a dose of 5 mg/kg b.w., i.g. statisti-

cally significantly delayed gastric emptying (F(2, 17)=74.45,
p<0.001) (Fig. 3). This effect was even stronger than after
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Fig.3 Effect of Guanabenz administration on gastric emptying.
Results are presented as box plots showing the following data: mean
(“+7), median (horizontal line), upper and lower quartile (the width
of the box shows interquartile range), upper and lower extreme
(whiskers). Statistical analysis: Shapiro—Wilk test for normality and
one-way ANOVA (Tukey post hoc), n=6-7; *significant against
control group (vehicle); ~significant against Loperamide at a dose of
10 mg/kg b.w. administered group; *p <0.05; ***p <0.001

administration of the reference compound — loperamide
(10 mg/kg b.w., i.g.).

Spontaneous activity

Monitoring spontaneous activity in obese animals showed
a sedative effect after the first administration of Guanabenz
at a dose of 5 mg/kg b.w. At several time points, the reduc-
tion in activity was significant compared to that observed
in rats from the obese control group. However, during the
chronic treatment, significant sedation was observed only on
the 1st, 4th, and 23rd hour after the last (24th) administra-
tion (Fig. 4).

Body weight and amount of peritoneal fat

The i.p. administration of Guanabenz for 25 days at
a dose of 2 or 5 mg/kg b.w./day to obese rats resulted
in a significant decrease in body weight by 1.94% and
11.06%, respectively, compared to the baseline values
(F(3,20)=37.35, p<0.0001) (Fig. 5b). Simultaneously,
less amount of peritoneal adipose tissue was observed,
about 41.30% and 64.77%, in groups treated with Gua-
nabenz compared to the amount determined in control
obese rats (F(3, 20)=25.45, p<0.0001) (Fig. 5¢). At
the same time, the control rats fed HFD, gained an addi-
tional 9.81% of weight, while rats from control group fed
standard feed increased their body weight by 6.80% (they
grew). Both body weight (F (36, 240)=18.67, p <0.001)
and the amount of adipose tissue in the groups receiving
Guanabenz decreased to the levels observed in the con-
trol rats fed only standard feed (Fig. 5a and c).

Plasma levels of glucose, triglycerides and total
cholesterol

Guanabenz statistically significantly decreased glucose
levels (F(3, 20)=8.337, p=0.0009) and triglycerides (F
(3, 19)=3.321, p=0.0419) in obese rats (Fig. 6a and b).
The obese control group had significantly higher triglycer-
ide levels compared to the control group fed only standard
feed, and after treatment with Guanabenz (regardless of
the dose), there were no significant difference in triglycer-
ide levels compared to the control group fed only standard
feed (Fig. 6b). Total cholesterol was significantly higher in
all groups fed HFD compared to the level determined in
the group fed standard feed (F(3, 20)=12.04, p=0.0001)
(Fig. 6¢).

Core body temperature

Guanabenz at a dose of 5 mg/kg b.w. caused a significant
reduction in core temperature, but only from 7 to 14th h after
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administration (F(23, 230)=14.26, p <0.0001). The maxi-
mum decrease in temperature was observed at the 9th h after
Guanabenz administration at a dose of 5 mg/kg b.w (Fig. 7).

Blood pressure

The effect on blood pressure was determined in normoten-
sive, non-obese rats. Significant changes were observed
only on the 5th (increase) and 10th min (decrease) after
i.p. administration of Guanabenz at a dose of 5 mg/kg b.w.
(F(16,128)=3.081, p=0.0002 — systolic; F(16,128)=3.931,
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Time after administration [h]
—— HFD + guanabenz 5 mg/kg b.w.

p<0.001 — distolic). For the remaining time of the experi-
ment, blood pressure of rats treated with Guanabenz (both
doses) was slightly lower than in control animals; however,
differences were not statistically significant (Fig. 8).

Discussion

In our study, we have shown that chronic administration
of Guanabenz causes not only a significant decrease in
body weight of animals with developed obesity, but also,
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significant decrease in the blood levels of glucose and tri-  effects may be related to its weight reducing activity
glycerides. Since Guanabenz is a long-acting agonist of  and the absence of bradycardia after repeated adminis-
a2-adrenoceptors (Kario 2018), it occupies these recep-  trations. There are three main categories of weight loss
tors preventing their rapid stimulation by successive por- by (1) decreasing energy intake by suppressing appetite,
tions of noradrenaline. Additionally, Guanabenz blocks  (2) reducing energy intake by impaired absorption, and
al-adrenoceptors (Takeuchi et al. 1987), so it can also,  (3) increasing energy expenditure (Jimenez-Munoz et al.

indirectly, lead to an increase in noradrenaline binding  2021). The aim of our research was to pre-define into
to B-adrenoreceptors (e.g., f3;-adrenoreceptor). These  which of these categories falls the effect of Guanabenz
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Fig.7 Effect of Guanabenz 40 -
administration on core tempera-
ture. Results are expressed as
means +SEM, n=6. Com-
parisons were done by two-way
ANOVA, Tukey’s post hoc tests.
tGuanabenz administered at

a dose of 5 mg/kg b.w. group

vs. control group fed HFD

diet; 1p<0.05; $1p<0.01;
11p<0.001

administration

Temperature [C]

32-

2 3 45678 91011 121314151617 18 19 20 21 22 23 24

—l— HFD + vehicle

*k

160

140+

-
N
(=]

100+

Blood pressure [mnmHg]

604 T

0 10 2l0 3l0 4'0 50 60
Time [min]

-@- systolic vehicle -9- systolic guanabenz 5 mg/kg

-@- diastolic vehicle JllF diastolic guanabenz 5 mg/kg

-V~ systolic guanabenz 2 mg/kg
-4~ diastolic guanabenz 2 mg/kg

Fig.8 Effect of administration of Guanabenz on blood pressure.
Results are expressed as means+SEM, n=6-7. Comparisons were
done by two-way ANOVA, Tukey’s post hoc tests. *control group vs.
Guanabenz administered at a dose of 5 mg/kg b.w. group — systolic
pressure; “control group vs. Guanabenz administered at a dose of
5 mg/kg b.w. group —diastolic pressure; *p <0.05; **p <0.01

after its repeated administration to obese rats. The results
will allow us to narrow down the search for the exact
mechanisms of Guanabenz’s activity in obesity for future
studies.
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It is known that obesity is a major cause of insulin resist-
ance, impaired glucose tolerance, type II diabetes, elevated
plasma concentrations of triglycerides and low-density cho-
lesterol, decreased plasma concentrations of high-density
cholesterol and hypertension (Pi-Sunyer 2002). Therefore,
it is an important finding that in obese animals treated with
Guanabenz, an anorectic effect occurred in parallel with
lowering plasma triglyceride levels. It is common knowledge
that a decrease in food intake leads to increased lipolysis,
and hence, to the hydrolysis of triglycerides in adipocyte
lipid droplets (Gogga et al. 2011). In our studies, Guana-
benz administered at a dose of 5 mg/kg b.w. had an inhibi-
tory effect on appetite that may be associated with increased
lipolysis and body weight reduction. Previous studies
reported that chronic use of Guanabenz caused a small
decrease in serum cholesterol levels (Holmes et al. 1983;
Kaplan 1984). Our research did not show such an effect of
Guanabenz, but we only measured total cholesterol, which
is one of the limitations of our study.

Additionally, in our research, we confirmed, described
in the literature, the beneficial effect of Guanabenz on the
plasma glucose level. Previously, Guanabenz was shown in
mice to cause an increase in blood glucagon-like peptide
1 (GLP-1) and insulin levels, a decrease in blood glucose
level, and an elevation of leptin level together with a reduc-
tion in food intake (Ye et al. 2013). Yoshino and co-workers
showed that a 14-day administration of Guanabenz to obese
mice compensated for glucose and triglyceride levels by
influencing hepatic metabolism (Yoshino et al. 2020). In our
studies, we showed the hypoglycemic effect of Guanabenz
administration in the obesity state induced by diet, what may
also be associated with reduced food intake.

Gastric motility is a key mediator of hunger and satiety. Gas-
tric accommodation and emptying (the passage of the contents
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from the stomach to the next parts of the intestine) play an
important role in the regulation of gastric (dis)tension and
intestinal exposure of nutrients, and therefore control satiation,
and can play a role in the long-term regulation of body weight
(Janssen et al. 2011). There are no studies in the literature to
explore the effect of Guanabenz on gastric emptying. To the best
of our knowledge, there is only one report (preclinical studies)
that describes that the administration of Guanabenz resulted (in
dogs) in an inhibition of the gastrointestinal motility (Ohata et al.
1983). Therefore, the present study is the first one to demon-
strate that the administration of Guanabenz at a dose of 5 mg/kg
b.w. inhibits gastric emptying to a greater extent than the refer-
ence compound — loperamide — administered at the dose of
10 mg/kg b.w. The dose of loperamide was chosen based on the
study in which, at this particular dose, it reduced gastric emp-
tying in mice in a similar test (Matsumoto et al. 2008; Salako
et al. 2015 Dec; Armstrong et al. 2013). The delay in gastric
emptying can be associated with weight loss, as reported in the
case of liraglutide (analog of GLP-1) (Halawi et al. 2017; Can
et al. 2014). Since, Guanabenz in mice was shown to cause an
increase in the blood GLP-1, further studies investigating the
effect of Guanabenz on gastrointestinal motility and excretion
should be performed to determine the relationship between its
incretin mimetic effect, its ability to inhibit gastric emptying,
and its effect on body weight, as well as to reveal the cellular
mechanisms of this action (Ye et al. 2013).

Previous studies have demonstrated the thermogenic
activity of a,-adrenoceptor agonists (Bill et al. 1989). In our
previous studies on the effectiveness of Guanfacine (another
long-acting, partial a,,-adrenoceptor agonist) in reducing
obesity, we showed that it lowers body temperature for the
first 3 h after administration. Furthermore, in rats given
Guanfacine, significant sweating was observed, which may
suggest intensified thermogenesis (Dudek et al. 2015a). In
the present study, we clearly show that Guanabenz reduces
core temperature; however, this effect is only seen 7 h and
later after administration. Therefore, this is a significant dif-
ference in the onset of the hypothermic effect induced by
Guanabenz and Guanfacine.

Thermoregulation is the maintenance of a relatively con-
stant core body temperature. Abnormal core temperature,
even a couple of degrees, activates the body’s thermoregu-
latory mechanisms. Thus, the heat loss from the body must
equal the heat gain. The optimal core temperature of the
organism is achieved principally through heat production
as a result of metabolism (Tansey and Johnson 2015; Tan
and Knight 2018). When body temperature decreases (under
the influence of, e.g., drug), the metabolic rate (heat produc-
tion) increases to keep the temperature within the proper
range. The opposite happens during the physical exercise,
which in itself causes an increase in the basal temperature
(also by increasing metabolism), so then, the organism has to

lower the temperature through other mechanisms to maintain
homeostasis.

In our study, when the temperature was lowered by
Guanabenz administration (e.g., through peripheral vaso-
dilation), the energy to raise the temperature back to nor-
mal had to be produced (e.g., by increased metabolism or
other). Thus, it seems logical that lowering the temperature
by administration of Guanabenz may lead to an increase in
metabolism in order to increase the core temperature. How-
ever, our study cannot answer the question of whether the
temperature changes caused by the administration of Gua-
nabez have any influence on the metabolism rate and subse-
quently the body weight of experimental animals. It might be
interesting to perform a detailed study of such a correlation.

Guanabenz is extensively metabolized and large amounts
of metabolites are recovered in the urine in the first 24 h.
Less than 1% of the dose is excreted as an unchanged drug,
the highest proportion being in the form of the inactive
metabolite (E)-p-hydroxyguanabenz (Holmes et al. 1983).
The body temperature—lowering effect could be due not only
to Guanabenz itself but also or maybe mainly to its metabo-
lites, and this is another issue that needs to be explored.

The weight-reducing effect of Guanabenz took place very
quickly, and after about 2 weeks, previously obese animals
have lost so much weight that it was no longer different from
the slim control animals. Disorders of spontaneous activ-
ity (both increase and sedation) and stress, induced by the
test compound administration, could affect an assessment
of Guanabenz impact on body weight (Dudek et al. 2015b).
Moreover, such a rapid normalization of body weight may
indicate a toxic effect. Therefore, we monitored the spon-
taneous activity (if the animals feel ill, the disturbance of
spontaneous activity can be considered as a measurable indi-
cator of such state) and measured the levels of corticosterone
in the plasma of experimental animals to verify, to some
extent, whether the administration of Guanabenz could be
harmful. The spontaneous activity of the experimental ani-
mals was monitored after both, the first (1st day) and chronic
(24th day) administration of the test compound along with
the determination of its effect on the body weight. The
key was the non-invasive telemetry method, which allows
for many hours of data recording in animals pair-housed
in home cages, without exposing them to any additional
stress and contact with the researcher. We noticed that at
some time points after administration, Guanabenz causes
sedation; therefore, it should be taken into account that the
observed anorectic effect could be partially associated with
a reduction in spontaneous activity of animals. However, it
should also be mentioned that the reduction in body weight
occurred in obese animals (and only to the level observed in
rats without obesity), and it was proportional to the reduc-
tion in body fat. The lower dose applied, 2 mg/kg b.w., was
also effective in reducing body weight; the effect was more
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subdued, but still noticeable (Fig. 5b).The changes in spon-
taneous activity occurring after the administration of Gua-
nabenz at certain intervals may also be related to the poor
mood of the animals, which is not a desirable effect.

Further studies should be carried out to assess the poten-
tial toxicity of Guanabenz, as well as its effectiveness in
reducing body weight in obese animals after chronic admin-
istration of lower doses (lower dose administered for the
longer time may result in less intense but still significant
effect). Such studies could also be aimed at the search for a
specific mechanism of Guanabenz action.

For the study of the Guanabenz effect on blood pres-
sure, the same doses and route of administration as in the
other tests were selected. The aim of this experiment was to
determine if these specific doses would cause hypotension in
rats under our laboratory conditions. Unfortunately, we were
unable to monitor blood pressure using the telemetry system;
therefore, measurements were performed for an hour after
Guanabenz administration. The lower dose did not have a
significant effect, although blood pressure tended to decrease
over time. The higher dose caused a significant change in
blood pressure in the first minutes after administration, but
over time, the difference was not significant from the pres-
sure registered in control animals. Guanabenz is known to
produce a biphasic response in systemic blood pressure; an
initial dose-dependent increase lasting 4 to 5 min is followed
by a prolonged secondary decrease and a toned-down drop
in blood pressure after Guanabenz administration is caused
by a reduction in vascular resistance (Holmes et al. 1983).
Such effect was also noticed in our research. Since we meas-
ured blood pressure only for 1 h, it is possible that a longer
measurement (using a different method) would show a sig-
nificant prolonged decrease in this parameter. The decrease
in blood pressure is beneficial for overweight and obese peo-
ple because it reduces the risk of numerous complications
related to excess body weight and lipid disorders, and it also
relieves the heart and reduces its oxygen demand. Therefore,
Guanabenz undoubtedly exerts a very good combination of
pharmacological effects considering its benefits in reducing
obesity and hypotensive activity.

The following are the limitations of this study: (i) Body
weight was not uniform between the tested groups at the
beginning of the treatment period. The animals were ran-
domly assigned to experimental groups, and at the time of
initiation of Guanabenz or vehicle administration, there
were no statistically significant differences in body weight
between the groups. Looking at the results presented in
Fig. 5b, the difference in initial body weight was not of
great importance in determining the effect of Guanabenz.
The weight loss is undeniable. Nevertheless, in subsequent
experiments, we will pay special attention to ensure that the
initial parameters such as body weight are uniform between
the tested groups. (i) A small group of data (n=3) was used
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to calculate the food intake after Guanabenz administration.
This is undoubtedly a significant limitation of this study,
although the results were consistent and the differences were
statistically significant. The number of animals for each
experiment was selected based on previous studies (Dudek
et al. 2015b; Kotariska et al. 201). In preliminary pharmaco-
logical studies (such as this one) committing a type 1 error,
i.e., declaring the effect when it actually does not exist, is
less disadvantageous than committing a type 2 error (not
rejecting a false null hypothesis, i.e., stating no effect when
it exists). (iif) The measurement of only total cholesterol in
plasma. The determination of the concentration of total cho-
lesterol in the plasma gives information about the sum of the
individual cholesterol fractions: LDL (low-density lipopro-
tein), HDL (high-density lipoprotein), and other intermedi-
ate fractions. Typically, in metabolic disorders, an increase
in total cholesterol levels coincides with an increase in LDL
concentration. However, it is also possible that under the
influence of some factors, the level of HDL fraction signifi-
cantly increases, which translates into increased concentra-
tion of the total cholesterol in plasma. When total cholesterol
concentration increases, but simultaneously triglyceride con-
centration decreases, we can speculate that the increased
cholesterol levels could be due to the high concentration of
HDL fraction, which, however, should be confirmed in the
further studies. High HDL cholesterol levels are inversely
related to the incidence of cardiovascular events. Addition-
ally, HDL is also believed to exhibit anti-inflammatory,
antioxidant, fibrinolytic, and anticoagulant effects, possibly
directly counteracting the complications of atherosclerosis.
Therefore, HDL cholesterol shows a beneficial, multidirec-
tional pleiotropic effect (Kashyap 1998), and an increase in
its plasma concentration should be considered beneficial. In
conclusion, we obtained a metabolically beneficial effect of
Guanabenz on the lipid and carbohydrate profile. However,
the determination of the exact mechanism of this effect and
the actual share of HDL cholesterol fraction in the total cho-
lesterol pool requires further research.

Conclusion

Our preliminary research shows that Guanabenz is a good
candidate as an obesity-reducing drug. We showed that it
reduces body weight and has a beneficial influence on glu-
cose and triglyceride levels in obese rats. These effects may
be associated with a reduction in caloric intake or/and delay
in gastric emptying. Therefore, it is a drug that can suc-
cessfully and simultaneously attenuate all of the disorders
and risk factors of the metabolic syndrome: hypertension,
hyperglycemia, obesity, and dyslipidemia. The exact cellular
mechanisms of its action require further research.
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