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Abstract

Objective: to evaluate the presence and type of cardiovascular damage in normogonadic and hypogonadic male rats with a induced condition of mild 
hyperuricemia and exposed to a high-fructose diet.

Methods: Fifty six (56) male adult Wistar rats were used in the present work. Animals were divided into two groups; normogonadic (NGN) and 
hypogonadic (HGN), and each group was divided into four subgroups according to their treatment: control with only water (C), Fructose (F), Oxonic 
acid (OA) and Fructose plus Oxonic acid (FOA). Cardiovascular changes were evaluated by measuring systolic blood pressure , myocyte volume, fibrosis 
and intima media of aorta. 

Results: The FOA group significantly increased blood pressure, myocyte volume (p<0.0001), the percentage of fibrosis was significant in the group 
receiving OA (p<0.001). When comparing NGN vs HGN, hypogonadic animals showed a less favorable lipid profile.

Conclusion: Hypogonadic, hyperuricemic conditions and a high-fructose diet favor blood pressure increase, along with changes in the cardiac 
hypertrophy, fibrosis and thickness increase of the intima media.
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1. Introduction

Cardiovascular disease (CVD) is the main cause of mortality in the 
world [1] and is the first cause of morbi-mortality in the elderly adult 
man. The increase of CVD may be related to the concomitant decrease 
in testosterone levels, which can be associated with cardiovascular risk 
factors such as Body Mass Index (BMI) increase, abdominal obesity, 
inflammatory markers, insulin resistance, dyslipidemia, diabetes, 
hypertension and arteriosclerosis [2]. It is still controversial whether 
or not a testosterone decrease is an independent factor of CVD. 
The Rancho Bernardo study monitoring 1000 men aged from 40 to 
79 during 12 years did not find any relation between testosterone 
levels and CVD [3]. Similar findings were observed in the Baltimore 
Longitudinal Study of Aging [4] and in the Honolulu Heart Program 
[5]. Conversely, in a 5-year monitoring study, Ohlsson and coll. [6] 
found that men with higher testosterone levels showed less CVD 
incidence. Likewise, other authors found that low levels of testosterone 
showed a greater CVD incidence [7–9].

Uric acid is the end product of purine catabolism. Although 
many mammals such as rats have uricase, an enzyme that degrades 
uric acid into allantoin, humans lost uricase during the course of 

evolution. Hyperuricemia may be the result of a purine-rich diet, an 
overproduction due to the increment in the action of the xanthine 
oxidase enzyme, as well as a decrease excretion of urates; although more 
often it is due to a high-fructose diet, being fructose a characteristic 
of fast food [10]. There is controversy regarding the oxidant and 
antioxidant actions of uric acid [11], including its effect on the CVD. 
Some studies have revealed a relationship between hyperuricemia and 
CVD such as NHANES I, LIFE study [12–14] whereas in others this 
relationship was not found [15–18]. Ranjith [19] and Tomiyana [20] 
observed a positive relationship between CVD, hyperuricemia and 
metabolic syndrome. 

All studies were performed in adults and being them mostly 
men. But none of the studies expresses the gonadal state of men or 
testosterone levels. Unlike what happens in the studies of women, 
where the menopause marks a difference of the gonadal stage. 

For this reason, the object of this paper is to evaluate the presence 
and type of cardiovascular damage in normogonadic and hypogonadic 
male rats with a induced condition of mild hyperuricemia and exposed 
to a high-fructose diet.
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2. Experimental

2.1. Animals

Fifty six male adult Wistar rats from the Department of 
Physiology, School of Medicine, University of Buenos Aires were used 
for this experiment. Animals were housed in a light, temperature and 
humidity controlled environment (lights on from 07.00 am to 07.00 
pm, T 22–24° C), and were fed ad libitum, having access to chow and 
water during the experiment. When the experiment began animals 
were 70 days old. Animal handling and experiments were performed 
in line with the “Ethical principles and guidelines for experimental 
animals” of the Swiss Academy of Medical Sciences (3rd Edition 2005).
The study was granted by the Animal Care and Ethics Committee of 
the School of Medicine-UBA (CICUAL).

2.2.  Experimental Design

Eight groups of adult male Wistar rats (n= 7/group) four 
normogonadic (NGN) and four hypogonadic (HGN), were studied 
over a period of 5 weeks;

The NGN groups were divided into four subgroups (n= 7/group; 
weight 200 grams ± 5 grams): a) Control group (C): fed with a standard 
commercial diet and water. b) Fructose group (F): fed with the same 
diet plus 10% (w/v) fructose (100% fructose, Tate&Lyle, USA) in the 
drinking water during 5 weeks. c) Oxonic Acid group (OA) (97% 
oxonic acid potassium salt, Sigma Aldrich n°:156124, St.Louis, MO, 
USA): fed with a standard commercial diet and water, and receiving 
the uricase inhibitor OA by intragastric gavage (750 mg/kg BW, daily) 
(21). d) Fructose and Oxonic Acid group (FOA): fed with the control 
diet plus 10% (w/v) fructose in the drinking water during 5 weeks and 
receiving also the oxonic acid by intragastric gavage (750 mg/kg BW, 
daily), during the same period. All animals were fed with balanced 
food for laboratory rodents (Cooperation, ACA-16014007, Argentine 
Cooperative Association, Animal Nutrition Division, Argentina 
Industry).Animals in all groups were provided from same diet lots at 
the same time during the course of the study, to control across groups 
for possible variation in the content of the diet.

In the second group (HNG), young adult male rats (70 days old) 
were orchiectomized bilaterally through an anterior median incision 
in the scrotum and each duct deferens was isolated, ligated and cut, 
and so the testicle could be removed. One month after that, HNG 
animals (100 days old) began the experimental period and were 
divided into the same four subgroups (n= 7/group; weight 280 grams 
± 5 grams) that received the same treatment as the four NGN groups: 
a) Control group (C), b) Fructose group (F), c) Oxonic acid group 
(OA), d) Fructose and Oxonic acid group (FOA).

In all control and fructose groups without OA, animals received 
water vehicle administered by intragastric gavage. In such way all 
animals had the same level of stress by gavage.

2.3. Body Weight and Systolic Blood Pressure 
Measurements

Animals body weight was measured daily (g) were carried out 
using an analytical balance (Scaltec model SAC-62), with an accuracy 

of (10–4 grams), following the recommendations of Cossio-Bolaños 
et al [22]. Amount of beverage consumed by each group of rats was 
calculated and measured daily according to the volume of liquid 
consumed.

Systolic blood pressure (SBP) was measured in conscious rats by 
a validated volume-based tail-cuff method connected to an amplifier 
and a data acquisition system (Rat Tail System; Innovators in 
Instrumentation, Landing NJ, USA). All animals were preconditioned 
for blood pressure measurements 1 week before each experiment. SBP 
was measured at baseline, at the end of week 2, and at the end of week 
4. Prior to measurements, rats were placed in a holder preheated to 
35°C. An average value from three SBP readings (that differed by no 
more than 2 mm Hg) was determined for each animal after they had 
become acclimatized to the experimental environment.

2.4. Blood Measurements

At the end of the 5-week-treatment period all animals were 
sacrificed between 9:00 – 10:00 am by decapitation and trunk blood 
samples were collected to measure plasma glucose, creatinine, uric 
acid, and lipid profile total-cholesterol, triglycerides (TG), and 
HDL-cholesterol. The TG/HDL-cholesterol index was calculated as 
a surrogate marker of insulin resistance (IR) [23]. All these values 
were assayed with commercial kits (Bayer Diagnostics, Argentine) 
implemented in an automated clinical analyzer. Testosterone was 
measured by Electrochemiluminescence immunoassay (ECLIA) 
(Roche Diagnostics Ltd., Switzerland).

2.5. Cardiovascular Outcomes

The whole heart from seven animals from each experimental 
group was carefully dissected and removed and its wet weight was 
recorded; thereafter, a piece of each heart was obtained, fixed in 10% 
formaldehyde and embedded in paraffin. The sections were stained 
with hematoxylin & eosin and Periodic Acid Schiff (PAS).

2.5.1. Morphometric determination of myocyte size

We measured cardiomyocyte sizes previously stained with 
hematoxylin, eosin and PAS. To be consistent, myocytes positioned 
perpendicularly to the plane of the section with a visible nucleus and 
cell membrane clearly outlined and unbroken were then selected for 
the cross sectional area measurements. Myocyte volume (myocyte 
hypertrophy) was calculated from individual myocyte area (formula: 
length (μm) × width (μm) × 7.59 × 10–3) based on the previously 
demonstrated correlation between these parameters [24]. A total of 50 
myocytes per animal were selected from the left ventricle of each heart 
and analyzed by an observer blinded to the experimental treatment.

2.5.2. Fibrosis

Sections were stained with Masson’s trichrome. Positive blue color 
was analyzed in Image Pro Plus (Media Cybernetics).

2.5.3. Intima Media Aorta

At the end of the experiment, only in hypogonadic rats, the 
thoracic aorta (from the arch to the diaphragm) was harvested, cut in 
half, and either fixed in buffered formalin or snap frozen. Aorta rings 
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were embedded in paraffin and sections were cut at 4 μm and prepared 
for hematoxylin and eosin (HE) staining. Quantification of injured 
area in HE-stained aorta sections was analyzed using Image-Pro Plus 
software and analyzed by an observer blinded to the experimental 
treatment.

2.6. Statistical Analysis

Values are expressed as means ± SEM. Significant differences 
between treatment groups were determined by two-way ANOVA. 
When p<0.05, ANOVA post test comparisons were made using a 
Bonferroni multiple-comparison test. The relationship between 
variables was assessed by correlation analysis (Pearson correlation). 
Statistical analysis was performed with Prism version 5.04 (Graph Pad 
Software, San Diego, CA).

3. Results

3.1. Body weight

Although there was an increase in weight between the start and 
the end of the experiment in all the groups (p < 0.001), no significant 
difference was found at the end of the experiment between groups, 
both in NGN and HGN animals (not shown).

3.2. Water intake

All animals receiving fructose (F) drank more liquid volume than 
the control group or animals receiving other treatments, NGN group: 
(C: 122.5 ± 17.5, F: 258 ± 65, OA: 107.5 ± 22.5, FOA: 250 ± 50 ml/day 
(p<0.01), HGN: (C: 125 ± 15, F: 235 ± 65, OA: 105 ± 5, FOA: 250 ± 50 
ml/day (p<0.01) (not shown).

3.3. Blood Pressure

In normogonadic animals: Control group did not show SBP 
changes during the experiment. Nevertheless, there was a significant 
increment in the F group (p<0.01), in the OA group (p<0.0001) and 
in the FOA group (p<0.0001) compared to basal state. At the end of 
the experimental period, SBP was significantly higher in all treatment 
vs control group (p<0.0001). In addition, a significant difference was 
found between F vs OA and FOA groups (p<0.01), reaching maximal 
SBP levels in FOA, which was significantly higher than in the OA 
group (p<0.01) (Figure 1). 

In hypogonadic animals: Contrary to normogonadic rats, 
the control group showed a significant (p<0.01) increment in SBP 
during the time of experiment. Also there was a significant (p<0.001) 
increment in the F, OA (p<0.0001) and FOA groups (p<0.0001). At the 
end of the experiment, SBP was significantly higher in all treatments 
vs. control group (p<0.001). In addition, a significant difference was 
found between F vs. OA and FOA groups (p<0.01), reaching maximal 
SBP levels in FOA, that were significantly higher than in the OA group 
(p<0.01). (Figure 2). 

When comparing gonadal condition, HGN rats presented -in all 
groups and during the whole experimental time- higher SBP levels 
than NGN rats (p <0.0001), except at the end of experimental time in 
OA and FOA groups.

Figure 1. Blood Pressure in NGN groups, at basal and 4th weeks after beginning 
treatment. 

Data are expressed as mean ± SEM. NGN (Normogonadic), OA (Oxonic acid); FOA 
(Fructose and oxonic acid)
* p<0.05 Fructose at 4th week vs Fructose basal.
** p<0.001 OA and FOA groups at 4th weeks vs respective basal groups.

Figure 2. Blood Pressure in HGN groups, at basal and 4th weeks after beginning 
treatment.
Data are expressed as mean ± SEM. HGN (Hypogonadic), OA (Oxonic acid); FOA 
(Fructose and oxonic acid)
*p<0.001 Control at 4th week vs Control basal.
**p<0.0001 Fructose, OA and FOA groups at 4th week vs respective basal groups.

3.4. Biochemical Variables   

As expected, testosterone levels decreased to a very low level in all 
hypogonadic animals compared to all non castrated rats (p<0.0001). 
Nevertheless, in both normogonadic and hypogonadic groups there 
were no plasmatic testosterone levels differences between different 
treatments. There was no difference in plasmatic creatinine levels when 
comparing treatment groups. Also no significant differences were 
observed in fasting glucose levels between normo and hypogonadic 
groups with different treatments.

Uric acid levels were significantly higher in normogonadic animals 
treated with OA (UA: 1.27 ± 0.13 mg/dl) and FOA (UA: 1.49 ± 0.1 mg/
dl) when comparing them to the respective control group (UA: 0.97 ± 
0.04 mg/dl) (p< 0.01). Also, uric acid levels were significantly higher in 
hypogonadic animals treated with FOA (UA: 1.29 ± 0.06 mg/dl) when 
comparing them to the respective control group (0.96 ± 0.67 mg/dl) (p< 
0.01). Likewise, there were no significant differences when comparing 
NGN and HGN animals undergoing same beverage treatment.

Regarding the lipid profile, NGN animals showed no significant 
difference in Total Cholesterol (TC), triglycerides (TG), HDL-c levels, 
in no-HDL-c, in the TG/HDL index in the different experimental 
groups.
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HGN animals in the fructose (F) group showed a significant 
increase (p<0.01) in TG and TC levels, accompanied by an increase 
of no HDL-c (p<0.05) with no changes in the HDL fraction. These 
changes translated into a significant increase (p<0.05) of the TG/HDL 
index. Conversely, the lipid profile showed no changes in OA and FOA 
groups when comparing them to the control group.

Hypogonadic animals showed -when faced to fructose 
administration- a significant increase in CT plasmatic levels 
(p<0.0001), TG (p<0.01), no HDL-c (p<0.0001) and a decrease of 
HDL (p<0.0001) accompanied by an increase of the TG/HDL index 
(p<0.004) as compared to the normogonadic animals. Likewise, 
hyperuricemia induction (OA) in HGN animals produced an HDL 
decrease (p<0, 001) with a rise of no HDL-c (p< 0, 001) accompanied 
by an increase of the TG/HDL index (p<0.02); and the combined 
treatment (FOA) in the same group showed a decrease of HDL 
(p<0.02) with an increase of no HDL (p<0.04) (Table 1)

Table 1. Lipid Profile. Comparative effect of the gonadal condition at different stages of 
treatments.

Cholesterol (mg/dl) NGN HGN p (NGN vs 
HGN)

Control 53.71 ± 10.12 59.83 ± 2.56 NS

Fructose 56.00 ± 5.68 74.79 ± 3.21* 0.0001

OA 55.28 ± 5.85 60.22 ± 2.84 NS

FOA 63.00 ± 2.20 60.38 ± 4.11 NS

Triglycerides (mg/dl)

Control 64.14 ± 16.65 67.5 ± 6.85 NS

Fructose 69.28 ± 14.28 103.15 ± 9.58** 0.01

OA 48.00 ± 7.69 59.25 ± 5.66 NS

FOA 67.14 ± 15.84 68.03 ± 7.23 NS

HDL-c (mg/dl)

 Control 41.71 ± 4.39 27.75 ± 1.85 0.001

Fructose 44.71 ± 6.01 30.89 ± 2.06 0.0001

OA 44.28 ± 5.54 31.95 ± 1.57 0.001

FOA 44.00 ± 6.72 34.58 ± 2.21 0.02

TG/HDL

Control 1.05 ± 0.58 1.47 ± 0.31 NS

Fructose 1.52 ± 0.45 3.49 ± 0.54*** 0.004

OA 1.10 ± 0.24 1.86 ± 0.16 0.02

FOA 1.58 ± 0.48 2.06 ± 0.31 NS

No HDL-c (mg/dl)

Control 22.00 ± 6.30 32.08 ± 0.95 0.01

Fructose 19.28 ± 4.59 43.9 ± 2.80€ 0.0001

OA 19.00 ± 2.45 28.26 ± 2.27 0.01

FOA 19.00 ± 4 25.20 ± 2.35 0.04

Data are expressed as mean ± SEM . NGN: normogonadic HNG: hypogonadic, OA: 
oxonic acid; FOA: Fructose and oxonic acid. NS: non significant. 

*p< 0.01 HGN Control vs HGN Fructose group. 

**p< 0.01 HGN Control vs HGN Fructose group

*** p< 0.05 HGN Control vs HGN Fructose group.
€p< 0.05 HGN Control vs HGN Fructose group.

A weak positive correlation was found between the testosterone and 
HDL levels (r: 0.313, p<0.02) and a weak reverse relationship between 
the testosterone and no HDL levels (r -0.345, p<0.01) (Figure 3).

3.5. Cardiovascular Histology

3.5.1. Morphometric determination of myocyte size

In the NGN group of animals there was significant difference 
between groups, the ones treated with FOA showed a greater volume 
(p<0.001), followed by the ones treated with OA (p<0.001); then 
animals treated with F (<0.05), while control animals had the lowest 
volume (Figure 4 A) 

Same pattern with significant difference was observed in the HGN 
group. The FOA group showed a greater volume (p<0.001), followed 
by the ones treated with OA (p< 0.001); then animals treated with F 
(NS), while control animals had the lowest volume. (Figure 4B) 

No significant differences were found when analyzing different 
groups (NGN vs HGN) with same treatment.

3.5.2. Fibrosis

Animals in NGN groups treated with FOA showed a greater 
fibrosis percentage vs control (p<0, 009) also in F group (p<0.03 vs 
control). Animals in HGN groups treated with FOA and OA showed 
more fibrosis than control group (p<0.01) When comparing the 
different experimental groups (NGN vs HGN) under same treatment, 
we found a greater fibrosis in HGN animals treated with OA than in 
NGN animals under same treatment (p<0.04). Even though it was not 
significant, same pattern was observed in animals treated with FOA 
(Table 2).

3.5.3. Intima media of aorta

The intima media was significantly thicker in FOA (p<0.001), OA 
(p<0.001) and F (p<0.001) groups when compared to control animals, 
with no evidence of differences between the treated groups (Figure 5)

4. Discussion

During our work we found that animals in both groups (NGN 
and HGN) treated with FOA showed a greater volume of myocyte, 
followed by OA groups while only normogonadic animals treated with 
F showed a greater volume when compared to control animals; this 
effect was not influenced by gonadal condition. Similar results were 
observed when systolic blood pressure was examined; probably the 
increase of same is -in part- the cause of the myocyte hypertrophy 
found. 

Hyperuricemia leads -in its initial phase- to an endothelial 
dysfunction [25, 26], increase in the oxidative stress and activation 
of the rennin-angiotensin- aldosterone system [27] and in a second 
phase favors inflammatory changes [28]. Likewise, Saygin et al. showed 
recently that a high-fructose diet also produces endothelial damage 
[29]. Hypogonadic animals treated with F, OA and FOA showed an 
increase in the intima media when compared to the control group. 
So, we could observe that a high-fructose diet and hyperuricemia 
share mechanisms to favor the increase of intima media thickness, 



Soutelo J (2019) Cardiovascular Changes in Normo and Hypogonadal Rats Treated with a High-Fructose Diet and Induced Hyperuricemia Condition

Endocrinol Diabetes Metab J, Volume 3(3): 5–8, 2019

endothelial damage and arterial hypertension and in this way favoring 
arteriosclerosis [25, 26, 30] and cardiac hypertrophy. This is consistent 
with the observations made in our experiment where the FOA group 

showed the highest values of systolic blood pressure, greater thickness 
of the intima media and cardiac hypertrophy. 

Figure 3. Testosterone and lipids correlation. A: Testosterone and HDL (r: 0.313 p< 0.02). B:  testosterone and no HDL levels (r -0.345, p<0.01).

Figure 4. Myocyte volume of normogonadic (A) and hypogonadic rats (B).

Data are expressed as mean ± SEM. OA: oxonic acid, FOA: Fructose and oxonic acid.

*p < 0.05 Fructose vs Control NGN group
** p < 0.001 OA and FOA vs Control NGN group
*** p < 0.001 OA and FOA vs Control HGN group

We also noticed that hypogonadic animals showed higher levels 
of blood pressure than the normogonadic ones. The blood pressure 
increase could be partly due to the weight increase observed in these 
animals, as well as insulin resistance and cytokine increase which 
favor vasoconstriction. Testosterone is a vasodilating agent; some 
experiments have theorized about an inhibition of the Voltage Gated 
Calcium Channels (VGCC) and/or activation of potassium channels 
in the vascular smooth muscle, and it could also be a result of an up 
regulation of endothelial nitric oxide synthase enzyme expression 
(eNOS) [31, 32].

Animals treated with FOA in both groups showed greater cardiac 
fibrosis when comparing with their respective controls: Likewise 
animals in the hypogonadic OA group showed a greater fibrosis 
compared with normogonadic OA, and the same tendency was 
observed in FOA groups. Chen et al. [33] showed that hyperuricemia 
increases cardiac fibrosis and Mellory et al. [34] found that the high-
fructose diet also increases cardiac fibrosis. Unfortunately, there 
is a strong controversy regarding the role of testosterone over the 
cardiovascular effects [35] as to assert that the testosterone deficit 
causes cardiovascular damage and fibrosis.
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Table 2. Percentage of miocardic fibrosis.

NGN HGN p

Control 2.69 ± 0.19*‡ 2.56 ± 0.06**† NS

Fructose 3.25 ± 0.14‡ 3.26 ± 0.34 NS

OA 2.97 ± 0.17 4.33 ± 0.62† 0.04

FOA 3.43 ± 0.14* 5.96 ± 1.23** 0.06

Data are expressed as mean ± SEM. NGN: normogonadic,  HNG: hypogonadic, OA: 
oxonic acid; FOA: Fructose and oxonic acid.  NS: non significant

*p <0.009 control group NGN vs FOA group NGN

‡p <0.03 control group NGN vs F group NGN

**p< 0.01 control group HGN vs FOA group HGN. † p< 0.01 control group HGN vs OA 
group HGN

Figure 5. Intima media thickness in hypogonadic rats.

Data are expressed as mean ± SEM. OA: oxonic acid, FOA: Fructose and oxonic acid.
* p<0.001 Fructose, OA and FOA vs Control group.

Regarding the lipid profile, it is clear that hypogonadic animals 
showed a less favorable profile, where the fructose group is the one 
with higher levels of cholesterol, triglycerides, no-HDL and the TG / 
HDL ratio, a marker of insulin resistance [23].

High fructose diets lead to a hepatic insulin resistance with an 
increased influx of free fatty acids, synthesis and triglyceride storage, 
and VLDL synthesis excess. This overproduction of VLDL alters the 
lipoprotein lipase (LPL) function. Hypertriglyceridemia is normally 
associated with low HDL levels [36].

This occurs, and is partly due to an increment of the Cholesteryl 
ester transfer protein (CETP) activity which favors HDL decrease (36). 
In the resistance to insulin an alteration of hepatic and endothelial 
lipase activity has been observed; which increases the HDL catabolism 
[36].

So we can assert that high levels of triglycerides and a decrease 
in HDL levels are independents predictors of insulin resistance and 
cardiovascular disease [23]. 

Likewise, low testosterone levels are linked to a pro-atherogenic 
lipid profile. A positive correlation between HDL and testosterone 
levels was found in several works [37, 38]. Rancho Bernardo study 
also showed a reverse relation between testosterone and VLDL levels 
[39]. On the other hand, in all treatments we found a uric acid level 
increase in normogonadic animals compared to the hypogonadic ones. 

This could be the result of testosterone stimulant action on the urate 
transporter -1 (URAT-1) expression responsible for the reabsorption 
of urates at tubular level. Also the monocarboxylate transporter 
expression coupled with sodium type 1 and 2 which facilitates the 
presence of essential lactate for the urate/lactate transport by URAT-1 
[40].

On the other hand we observed an inversely significant correlation 
between testosterone and body weight. Studies in humans [41–43] have 
shown that hypogonadic men have an increase in body weight (BMI) 
and in waist circumference. Although the mechanism has not been 
completely clarified, it was stated that adipocytes express androgen 
receptor [44] and that testosterone inhibits Lipoprotein Lipase (LPL) 
activity, responsible for the uptake of triglycerides by the fat cell, and 
so producing an inhibition of the triglyceride uptake and a decrease of 
visceral adipose tissue [45]. On the contrary, the lack of testosterone 
produces a higher triglyceride uptake with the subsequent increase of 
visceral fat. This increment favors a rise in the aromatase, increasing 
the estrogen synthesis. Likewise, it produces the resistance to insulin, 
which leads to an SHBG decrease, thus increasing the testosterone 
metabolism [46].

Undoubtedly animals treated with FOA, OA and F showed 
some morphologic and functional cardiovascular changes, shown 
by the increment in systolic arterial pressure and therefore a higher 
hypertrophy and fibrosis. These changes were affected by gonadal 
conditions. Likewise, hypogonadic animals showed greater weight, 
worse lipid profile (less HDL and more HDL) and a higher TG/
HDL index as insulin resistance marker, which carries a greater 
atherosclerotic risk.

 Fructose is a simple sugar that is present in fruits and honey and 
is responsible for their sweet taste. Excessive fructose intake (>50 g/d) 
may be one of the underlying etiologies of metabolic syndrome and 
type 2 diabetes. [47] One of the more striking aspects of fructose is its 
ability to stimulate uric acid production. As ATP is consumed, AMP 
accumulates and stimulates AMP deaminase, resulting in uric acid 
production. Researchers have reported a dose dependent relationship 
between fructose ingestion and serum uric acid levels in both men and 
women, although in another study this relationship was confirmed only 
in men [45] It has been proved that fructose administration to normal 
rats for different time periods sequentially induces impaired glucose 
tolerance and type 2 diabetes [48–50]. Also rats have an active uricase, 
and these findings explain why higher concentrations of fructose are 
required to induce greater metabolic changes in rats, whereas humans, 
who lack uricase, appear to be much more sensitive to the effects of 
fructose. For this reason, we induce mild hyperuricemia with an 
inhibitor of uricase, oxonic acid. That in humans would be given by a 
serum value between 6 to 7.0mg/dl [51]. Likewise, we believe that the 
age of the rats used in this present experiment, did not influence the 
results, since the male Wistar rats acquire their reproductive capacity 
at 60 days. We wanted to simulate a state of hypogonadism similar to a 
man around the age of forty, when testosterone begins to decline [52], 
without becoming an elderly adult.

A high fructose diet as well as hyperuricemia conditions, favor 
the increment of blood pressure and cardiovascular damage, and 
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these effects are more relevant in animals with both conditions 
simultaneously. Likewise, it was also shown that the lipid profile is 
linked to testosterone levels. The combination of these conditions 
might explain why western fast food diets associated with a testosterone 
decrease favor the presence of cardiovascular disease in older men. In 
any case, it is necessary to carry out more studies to understand the 
mechanisms involved in such changes.

In short, cardiovascular damage was worse in rats with 
hypogonadism with a condition induced by mild hyperuricemia 
exposed to a high fructose diet than the normal gonadal state with a 
similar condition.
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