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Introduction: High fructose consumption is commonly associated with increased risk of 
cardiovascular disease (CVD). However, cardiovascular effects of aromatase inhibitors remain 
unresolved, although they are effective in the treatment of breast cancer. Thus, this study 
investigated the effect of letrozole on CVD indicators in Wistar rats exposed to high fructose 
intake.
Methods: Twenty male rats were randomly placed in four groups (n=5/group): control 
(distilled water), fructose (10% fructose in drinking water), letrozole (1mg/kg) and fructose+ 
letrozole. After 21-day exposure, fasting blood glucose was taken and the rats were sacrificed, 
while blood and heart were collected and prepared for biochemical analyses. 
Results: Our data showed that 10% fructose induced hyperglycaemia and lipid peroxidation. 
It reduced serum high-density lipoprotein cholesterol, elevated serum total cholesterol (TC), 
triglycerides and free fatty acid but did not alter serum low-density lipoprotein cholesterol 
significantly, when compared with the control. Furthermore, high fructose-intake increased 
serum or cardiac adenosine deaminase (ADA), xanthine oxidase and uric acid. Our findings 
revealed that letrozole, when taken with 10% fructose, attenuated all the observed fructose-
induced alterations. However, when administered alone, letrozole elevated serum TC as well 
as cardiac malondialdehyde and ADA.
Conclusion: This study showed that high fructose-intake promoted the risk of CVDs in rats, 
while administration of letrozole attenuated fructose effects. Hence, letrozole may serve as a 
potential adjuvant therapy for attenuating CVD risk. However, further pre-clinical and clinical 
findings are necessary to thoroughly investigate the cardiometabolic effects of letrozole.
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Cardiovascular diseases (CVDs) remain the common-
est forms of non-communicable diseases and the lead-
ing causes of global death, claiming about 17.8 million 
lives, especially in middle-income countries (Roth et al., 
2018). Several factors such as cardiometabolic, behav-
ioral, environmental and social risk factors have been 
established as the main causes of CVD worldwide (Roth 
et al., 2018). While the etiology of CVDs is multifacto-
rial, high intake of added sugar has been associated with 
the risk of CVDs mortality (Yang et al., 2014). 

Fructose is a monosaccharide that is commonly used 
as an additive in products like soft drinks and biscuits. 
It is metabolized mainly by fructokinase or ketohexoki-
nase (Khitan and Kim, 2013). Since fructokinase lacks 
negative feedback mechanism, continued fructose me-
tabolism depletes intracellular phosphate, activates ad-
enosine monophosphate deaminase and generates uric 
acid formation (Tappy and Lê, 2010). Meanwhile, high 
level of serum uric acid is an independent predictor of 
coronary artery disease which promotes CVD morbidity 
and mortality in general adult population (Bickel et al., 
2002; Peng et al., 2015). More importantly, fructose can 
serve as a substrate for de novo lipogenesis and lipid 
production (Malik and Hu, 2015). Hence, studies have 
associated high fructose intake with dyslipidaemia- a 
hallmark feature of CVD (Rutledge and Adeli, 2007; 
Olaniyi and Olatunji, 2019).

Currently, the non-steroidal aromatase inhibitors (AIs) 
including letrozole, are considered as the preferred ad-
juvant treatment options for post-menopausal women 
with oestrogen receptor-positive breast cancer (Early 
Breast Cancer Trialists’ Collaborative Group, 2015). 
Functionally, AIs inhibit aromatase activity and sup-
press the peripheral oestrogen production- the major 
source of oestrogen synthesis in post-menopausal wom-
en (Geisler et al., 2002). Oestrogen is physiologically 
important as it prevents CVD risk before menopause, 
while its post-menopausal loss increases both inci-
dence and severity of the disease (Hasan et al., 2021). 
Nonetheless, the exact effect of AIs on cardiovascular 
system remains controversial (Blondeaux et al., 2016; 
Abdel-Qadir et al., 2016; Kamaraju et al., 2019; Khos-
row-Khavar et al., 2020). Similarly, while some studies 
have associated the use of AIs with hypercholesterol-
emia (Bundred, 2005; Buzdar et al., 2006), others found 
no effect on serum cholesterol level (Wasan et al., 2005; 
Hozumi et al., 2011). Hence, more studies are needed to 

elucidate the cardiovascular effect of AIs. In this study, 
we investigated the effects of letrozole in fructose-ex-
posed Wistar rats. Although letrozole is commonly pre-
scribed for breast cancer treatment, male rats were used 
in this study to investigate cardiovascular and possible 
therapeutic effects of letrozole on fructose-induced car-
diometabolic disorder, independent of sex. Future stud-
ies will focus on its role in female rats with or without 
endogenous oestradiol.

Materials and methods
Experimental animals
Twenty male Wister rats with an average weight of 

106.04g were obtained from the animal holdings of La-
doke Akintola University of Technology Ogbomosho, 
Oyo state, Nigeria. The rats were transferred to the an-
imal house, Zoology Department, University of Ilorin, 
Ilorin, Nigeria. They were fed with standard rat chow 
and were given clean tap water, ad libitum. After 2 weeks 
of acclimatization, the rats were randomly grouped into 
four (n=5/group). They were kept and maintained under 
standard conditions of temperature, relative humidity 
and 12h day/night cycle. Handling of the rats were in 
conformity to the regulation of the University of Ilorin 
Ethical Committee (UERC/ASN/2016/513) and in ac-
cordance with the National Institutes of Health guide-
lines on the care and use of laboratory animal.

Treatment
Control group received distilled water daily via oral 

route. Fructose group received 10% fructose (Sigma, 
USA; w/v) in drinking water (Olaniyi and Olatunji, 
2019). Letrozole group was administered orally with 
letrozole (Sun Pharma, India, 1mg/kg body weight) (Xu 
et al., 2020), while fructose + letrozole group received 
a combination of 10% fructose (w/v) in drinking wa-
ter and 1mg/kg letrozole. Food consumption and water 
intake rates were monitored daily, while body weight 
was measured weekly. The treatments continued for 3 
weeks.

Fasting blood glucose and sample preparation
At the end of the experiment, fasting blood glucose 

(FBG) was measured using Accu-Chek® Active (Roche 
Diagnostics GmbH, Mannheim, Germany). Thereafter, 
the animals were sacrificed by cervical dislocation and 
blood was collected through cardiac puncture into plain 
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bottle. The blood was then left to settle at room tem-
perature and later centrifuged at 3000 rpm for 15min 
to obtain serum. Serum was stored frozen, prior to use, 
for biochemical assays. The heart was quickly removed, 
cleared of attached connective tissues and homogenized 
as previously reported for biochemical analyses (Ab-
dulkareem et al., 2019).

Biochemical assays
Fortress Diagnostics Limited, Antrim, United King-

dom assay kits were used for all the biochemical param-
eters, except otherwise stated. Procedures for carrying 
out the assays followed strictly instructions provided 
by the kit’s manufacturer and Readings were taken 
(throughout) by Molecular Devices Spectramax 250 
Microplate Reader, Sunnyvale, USA. The actual values 
of each parameter were generated through interpolation 
from the standard curves. Brief protocols for each of the 
assays are given below:

Malondialdehyde (MDA)
Estimation of MDA was based on thiobarbituric acid 

(TBA) assay. Briefly, 0.5ml of serum samples was add-
ed to 2.5ml of 20% tricholoroacetic acid in a 10ml test 
tube and the mixture was shaken vigorously. Then, 1ml 
of 0.6% TBA was added to the mixture, shaken (to form 
MDA-TBA adduct), incubated at 95°C for 1h and then 
cooled on ice bath for 15min. The 200μl of MDA-TBA 
adduct was then pipetted into a 96-well microplate in 
duplicate and the absorbance was measured at a wave-
length of 532nm.

High density lipoprotein cholesterol (HDL-c)
Samples were appropriately mixed with Reagent 1, 

containing lipoprotein antibody and incubated for 5min 
at 37oC. Thereafter, Reagent 2 (which contains choles-
terol oxidase and esterase) was added and incubated for 
5min at 37oC to produce a blue colour which was mea-
sured at 600nm.

Low density lipoprotein cholesterol (HDL-c)
Samples were mixed with Reagent 1, containing en-

zyme solution and incubated for 5 min at 37oC. Decom-
plexing agent was then added and incubated for 5min 
at 37oC to form a blue colour complex which was mea-
sured at 600nm.

Total cholesterol (TC) and triglycerides (TG)
The 200µl of either cholesterol or triglycerides reagent 

was added to 2µl samples and mixed well. The solution 
was left to incubate for 15min at 37oC and absorbance 
was measured at 550nm.

Free fatty acid (FFA)
For the estimation of FFA, 10μl of the sample was 

pipetted into the wells of 96-well micro titer plate, fol-
lowed by 2μl of Acyl-CoA Synthetase Reagent. The 
mixture was protected from light, gently mixed and 
incubated at 37°C for 30min. Thereafter, 50μl reaction 
mix (prepared according to the kit’s manufacturer spec-
ification) was added, incubated for another 30min at 
37°C and the reading was taking at 570nm wavelength. 

Adenosine deaminase/xanthine oxidase (XO)/uric 
acid pathway

 Nonenzymatic colorimetric assay kit (Oxford 
Biomedical Research Inc., Oxford, USA) was used for 
the estimation of serum and cardiac uric acid. The 5µl of 
samples was pipetted into the wells of 96-well plate in 
duplicate. Thereafter, 200µl working reagent was added 
and mixed together by tapping lightly. The mixture was 
then incubated for 30min at room temperature and ab-
sorbance was measured at 520nm. Activity of adenosine 
deaminase (ADA) was estimated in serum and heart by 
standard enzymatic colorimetric method. The 50µl of 
samples was dispensed into sample well of 96-well plate 
in duplicate. The 50µl of reaction mix was added to each 
well. The plate was pre-incubated at 37°C for 5min and 
reading was taking at 293nm. Estimation of XO activity 
was performed following the same procedures for ADA 
except that the plate was read immediately at 570nm at 
T1 to read A1 before being left at 25°C (protected from 
light) for 20min and measured again at T2 to read A2. 
The final signal was then taken as: ΔA=A2–A1

Statistical analysis
All the data were analyzed and presented as mean ± 

SEM. Statistical analysis was performed using Graph-
Pad Prism software version 8.0 (GraphPad Software, 
USA) and One-way analysis of variance (ANOVA), 
followed by Tukey post hoc test, was used to compare 
the mean values among the groups. The significant dif-
ference was determined at 95% confidence level and 
P<0.05, P<0.01 and P<0.001were considered statisti-
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cally significant.  

Results
Effects of letrozole with or without high fructose in-

take on body weight gain, food intake and water intake 
Table 1 shows that both fructose and letrozole did not 

significantly affect (P>0.05) food consumption rate, 
when compared with the control in corresponding week. 
Similarly, fructose intake did not alter rate of water in-
take at the end of exposure, when compared with the 
control in corresponding week (Table 2). In contrast, ad-
ministration of letrozole reduced (P<0.05) water intake 
by 2nd and 3rd weeks of exposure, when compared with 
the control in corresponding week. Our results also re-
vealed that high fructose intake did not alter (P>0.05) 
percentage body weight gain in Wister rats when com-
pared with the control (Fig. 1). However, treatment with 
letrozole with or without fructose intake, significantly 
lowered (P<0.05) percentage body weight gain when 
compared with the control and fructose groups.

Letrozole attenuates fructose-induced hyperglycae-
mia and lipid peroxidation in Wistar rats 

Hyperglycaemia induces generation of oxidative stress 
and promotes lipid profile derangement, thus, increasing 
the risk of cardiovascular diseases. As shown in Figure 
2a, our data revealed elevated (P<0.01) FBG in fructose 
group, while letrozole treatment attenuated (P<0.001) 
fructose-induced hyperglycaemia. Similarly, high fruc-
tose intake significantly increased both serum and car-
diac MDA, whereas letrozole alone decreased (P>0.05) 
serum MDA but elevated (P<0.05) cardiac MDA level 
(Fig. 2b), when compared with the control group. In 
contrast, letrozole treatment in fructose-administered 
group significantly lowered (P<0.05) serum MDA level 
and relatively reduced (P>0.05) cardiac MDA level. 

Letrozole lowers serum TC and TG, and elevates 
HDL-c in rats taking high fructose

As presented in Figure 3, both fructose and letrozole 

TABLE 1TABLE 1: Effect of fructose (10% w/v), letrozole (1mg/kg body weight) and fructose (10% w/v)+ letrozole 
(1mg/kg body weight) on average daily food consumption rate per group.

GROUP
food consumption rate (g/day)

WEEK ZERO WEEK ONE WEEK TWO WEEK THREE

CONTROL 112.4 ± 8.567 161.14 ± 15.04 139.8 ± 13.98 133.2 ± 9.430

FRUCTOSE 99.47 ± 14.22 125.4 ± 5.986 92.39 ± 9.932 110.9 ± 11.52

LETROZOLE 124.3 ± 23.78 155.0 ± 18.31 83.02 ± 12.06 119.7 ± 9.459

FRUC + LETR 93.45 ± 14.99 103.1 ± 8.416 87.13 ± 17.04 95.53 ± 22.04

Letrozole or fructose did not alter food consumption rate. Data were expressed as mean±SEM (n=3). Data 
were analyzed by one-way ANOVA, while Tukey post-hoc test was used to compare the mean values 
among the groups in corresponding week. Fruc + Letr: fructose + letrozole group. 

TABLE 2TABLE 2: Effect of fructose (10% w/v), letrozole (1mg/kg body weight) and fructose (10% w/v)+ letrozole 
(1mg/kg body weight) on average daily water intake per group.

GROUP
Rate of water intake (ml/day)

WEEK ZERO WEEK ONE WEEK TWO WEEK THREE

CONTROL 155.3 ± 18.75 183.1 ± 19.74 257.6 ± 30.41 253.4 ± 25.83

FRUCTOSE 177.0 ± 18.45 165.6 ± 9.761 197.9 ± 1.53* 269.4 ± 9.319

LETROZOLE 144.8 ± 6.60 158.4 ± 16.29 216.1 ± 24.77 218.7 ± 18.53*

FRUC + LETR 142.8 ± 11.89 147.3 ± 10.29 175.6 ± 4.16* 188.6 ± 15.66*

Fructose intake did not alter rate of water intake at the end of exposure, when compared with control in 
corresponding week. In contrast, administration of letrozole reduced water intake by 2nd and 3rd weeks of 
exposure, when compared with control in corresponding week. Data were expressed as mean±SEM (n = 3). 
Data were analyzed by one-way ANOVA, while Tukey post-hoc test was used to compare the mean values 
among the groups in corresponding week. Fruc + Letr: fructose + letrozole group. 



alone elevated serum TC (P<0.001 and P<0.01, respec-
tively), while fructose but not letrozole reduced serum 
HDL-c (P<0.05), elevated serum TG (P<0.01) and FFA 
(P<0.001). However, letrozole treatment in fructose-ex-
posed rats alleviated serum TC and TG (P<0.05 and 
P<0.01, respectively) but did not significantly lower 
(P>0.05) serum FFA, when compared with rats exposed 
to fructose alone. The LDL-c was not significantly al-
tered by either fructose or letrozole.

Effects of letrozole with or without high fructose in-
take on ADA/XO/uric acid pathway

ADA and XO catalyze uric acid formation, thus, pro-

moting risk of CVDs. Increases in serum and cardiac 
ADA (P<0.05 and P<0.001, respectively), XO (P<0.01, 
respectively) and uric acid (P<0.001 and P<0.01, re-
spectively) were observed in fructose-exposed rats (Figs. 
4a-f), whereas letrozole alone increased (P<0.01) cardi-
ac ADA but reduced serum and cardiac XO (P<0.01 and 
P<0.05, respectively), uric acid (P<0.001 and P<0.01, 
respectively) and serum ADA (P<0.01) as compared 
with the control group. Administration of letrozole in 
fructose-exposed rats significantly decreased serum 
and cardiac ADA (P<0.01), XO (P<0.01) and uric acid 
(P<0.05 and P<0.01, respectively), when compared 
with the fructose group.

FIGURE 1.FIGURE 1. Effect of Fructose (10% w/v), Letrozole, and Fructose + letrozole on the body weight of rats. Letrozole treatment with (Fructose + 
letrozole) or without fructose reduced body weight gain. Data were expressed as mean ± SEM (n = 3). Data were analyzed by One-way ANO-
VA followed by the Bonferroni post hoc test. (**P < 0.01 vs control; ***P < 0.001 vs control; ++P < 0.001 vs fructose; +++P < 0.001 vs fructose).

FIGURE 2.FIGURE 2. Effect of Fructose (10% w/v), Letrozole, and Fructose + letrozole on fasting blood glucose (a), serum malondialdehyde (MDA) 
(b), and cardiac MDA (c) in Wistar rats. High fructose intake but not letrozole elevated fasting blood glucose and serum MDA, whereas both 
fructose and letrozole alone increased cardiac MDA. However, treatment with letrozole attenuated fructose-induced hyperglycaemia and lipid 
peroxidation. Data were expressed as mean ± SEM (n = 3). Data were analyzed by one-way ANOVA followed by the Tukey post hoc test.      
(*P< 0.05 vs control; **P< 0.01 vs control; +P < 0.05 vs fructose; ++P< 0.01 vs fructose; +++P< 0.001 vs fructose).
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FIGURE 3.FIGURE 3. Effect of Fructose (10% w/v), Letrozole, and Fructose + letrozole on serum high-density lipoprotein cholesterol (HDL-c) (a), 
serum low-density lipoprotein cholesterol (LDL-c) (b), serum total cholesterol (TC) (c), serum triglycerides (TG) (d) and serum free fatty acid 
(FFA) (e) in Wistar rats. Fructose and letrozole individually elevated serum TC, while only fructose elevated serum TG and FFA and lowered 
HDL-c. However, letrozole administration attenuated fructose-induced elevation of serum TC and TG but did not significantly reduce fruc-
tose-induced FFA when compared with the control. LDL-c did not change significantly following fructose or letrozole administration. Data 
were expressed as mean ± SEM (n = 3). Data were analyzed by one-way ANOVA followed by the Tukey post hoc test. (*P < 0.05 vs control; 
**P < 0.01 vs control; ***P< 0.001 vs control; +P < 0.05 vs fructose; ++P< 0.01 vs fructose; +++P< 0.01 vs fructose).
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Discussion 
This current study investigated the role of letrozole on 

fructose-induced cardiometabolic disorder in male Wis-
tar rats. We demonstrated that food and water intakes 
were not affected by high fructose intake but letrozole 
decreased water intake at the end of the experiment. 
Similarly, high fructose intake did not interfere with 
body weight gain, while letrozole lowered percentage 
gain in body weight. Our findings also revealed elevat-
ed levels of FBG, serum and cardiac lipid peroxidation 
(as evidenced by the rising level of MDA), serum TC, 
TG, FFA and ADA/XO/uric acid pathway and reduced 
serum HDL-c in rats exposed to high fructose intake. 
In contrast, letrozole alone did not affect FBG, serum 
MDA and TG. Similarly, letrozole alone did not alter 
serum and cardiac XO, uric acid and serum ADA but 
increased serum TC as well as cardiac MDA and ADA. 
Furthermore, our results proved the efficacy of letrozole 
in attenuating fructose-induced lipid peroxidation, hy-

perglycemia, dyslipidaemia and uric acid accumulation.
Effect of high fructose intake on food appetite is con-

troversial (Tappy and Lê, 2010). It has been suggested 
that unlike glucose, fructose reduces the circulating lev-
els of insulin and leptin, decreases postprandial ghrelin 
concentration and therefore, increases caloric intake, 
body weight gain and obesity (Teff et al., 2004; Dor-
nas et al., 2015). However, in this study, we did not ob-
serve any significant change in food consumption rate 
due to fructose intake. Our result is in consistence with 
previous studies from our group (Olaniyi and Olatunji, 
2019) and another group (Stanhope et al., 2009). Lack 
of change in food consumption rate after 3-week of fruc-
tose exposure may be due to improved circulating levels 
of leptin and ghrelin. It has been reported that chronic 
exposure to high fructose for 1-4 week in healthy indi-
viduals increases leptin concentration, suggesting pos-
sible long-term suppressing effect of high fructose on 
food intake (Lê et al., 2006). Similarly, our result that 



FIGURE 4.FIGURE 4. Effect of Fructose (10% w/v), Letrozole, and Fructose + letrozole on serum uric acid (UA) (a), cardiac UA (b), serum xanthine 
oxidase (XO) (c), cardiac XO (d), serum adenosine deaminase (ADA) (e), and cardiac ADA (f) in male Wistar rats. Fructose but not letrozole 
elevated serum and cardiac uric acid and XO as well as serum ADA, whereas both fructose and letrozole increased cardiac ADA. Administra-
tion of letrozole in fructose-taking rats attenuated serum and cardiac UA, XO, and ADA. Data were expressed as mean ± SEM (n = 3). Data 
were analyzed by one-way ANOVA followed by the Tukey post hoc test. (*P < 0.05 vs control; **P < 0.01 vs control; ***P< 0.001 vs control;     
+P < 0.05 vs fructose; ++P< 0.01 vs fructose; +++P < 0.001 vs fructose).
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 showed no effect of fructose intake on percentage body 
weight gain agrees with our previous finding (Olaniyi 
and Olatunji, 2019) as well as finding of others (Ramos 
et al., 2017), but disagrees with other study (Yoo et al., 
2017). This finding may imply that leptin and ghrelin 
concentrations remain intact in fructose group of the 
current study. There is evidence that high fructose-in-
duced body weight gain in human is particular to hy-
percaloric trials (Sievenpiper et al., 2011), therefore, the 
difference in our finding and that of others may be due 
to different percentage of fructose used. For instance, 
we used 10% fructose in drinking water, while Yoo et al. 
(2017) used 30% fructose diet.

Increased in FBG observed in fructose group of our 
study agrees with previous studies (Olaniyi and Olatun-
ji, 2019; Lê et al., 2006) and suggests excessive fructose 
intake as a possible predisposing factor to metabolic 
syndrome. However, in contrast to study of Skarra et 
al. (2017) who had earlier reported increased level of 

FBG in pubertal letrozole-exposed female mice (Skarra 
et al., 2017), our data showed no significant elevation 
in FBG level in rats that received letrozole alone. The 
discrepancy may be due to difference in sex of the ani-
mals used and/or duration of exposure. It is well estab-
lished that hyperglycaemia activates several pathologi-
cal pathways, including lipid peroxidation, to generate 
oxidative stress (Furukawa et al., 2017). Interestingly, 
oxidative stress has been implicated as a major cause 
of fructose-induced cardiac hypertrophy (Park et al., 
2018a). In this study, we demonstrated increased lev-
els of serum and cardiac MDA, following 3-week fruc-
tose exposure. This may mean that, high fructose intake 
leads to hyperglycaemia which consequently results in 
lipid peroxidation that is capable of generating organs 
damage, including the heart, and increasing the risk of 
CVD. Although the mechanism of fructose-induced hy-
perglycaemia was not investigated in this study, we have 
previously reported that high fructose intake causes in-



sulin resistance and degenerates β-cell function (Olaniyi 
and Olatunji, 2019). Our result that revealed increase in 
cardiac MDA level by letrozole alone, without increase 
in fasting blood glucose level, may suggest potentiality 
of letrozole to cause cardiac oxidative stress indepen-
dent of hyperglycaemia. Meanwhile, administration of 
letrozole in fructose-exposed rats attenuated fructose-in-
duced hyperglycaemia and oxidative stress, indicating 
the efficacy of letrozole in maintaining glucose homeo-
stasis and preventing hyperglycaemia-induced oxidative 
damage during high fructose intake.

Dyslipidaemia is an established risk factor for the 
development of atherosclerosis and coronary heart 
disease. It is characterized by elevation of serum TC, 
LDL-c or TG and reduced serum HDL-c concentra-
tion (Hedayatnia et al., 2020). Current estimates put 
the global incidence of elevated TC alone at about 28.5 
million people adult population (aged 20 years or older) 
with prevalence of 11.9% (Benjamin et al., 2018). This 
current study demonstrated that fructose increased TC, 
suggesting that excessive fructose intake promotes the 
incidence of hypercholesterolaemia. Furthermore, high 
TG and low HDL-C correlate with metabolic syndrome 
and are associated with increased risk of atherosclerot-
ic cardiovascular disease (ASCVD) in general popula-
tion, independent of LDL-c (Vega et al., 2014). Hence, 
our findings that revealed increased serum TG and de-
creased serum HDL-c following fructose administration 
further establish excessive fructose intake as a possible 
risk factor for ASCVD. Administration of letrozole in 
fructose-taking rats decreased serum levels of TC and 
TG, and increased serum HDL-c, which is suggestive 
of therapeutic efficiency of letrozole in alleviating CVD 
risk following fructose consumption. However, letrozole 
alone significantly elevated serum total cholesterol but 
had no effect on serum triglycerides. This observation 
concurs with the previous report of Boutas et al. (2015) 
in ovariectomized rats and it may be an indication that 
positive influence of estrogen on cholesterol level was 
compromized when letrozole was administered alone.  

Furthermore, this study showed that elevated level of 
serum TG in fructose group was accompanied by in-
crease in serum FFA, signifying de novo synthesis of 
TG from FFA. Elevation in serum FFA is an indication 
of lipotoxicity, thus, the observed increase in serum FFA 
may imply that fructose increases metabolic risk. High 
level of plasma FFA has been previously associated with 

impaired insulin secretion and increased endogenous 
glucose production (Delarue and Magnan, 2007). It may 
therefore be inferred that the observed fructose-induced 
hyperglycaemia in this current study is, in part, due to 
an increased FFA synthesis. However, other mechanism 
cannot be ruled out since letrozole which attenuated 
fructose-induced hyperglycaemia, could not significant-
ly lower serum FFA in fructose-taking rats. Our finding 
that revealed no significant change in LDL-c in fruc-
tose-administered rats suggests that fructose promotes 
dyslipidaemia of obesity, which is characterized with 
increased TG and FFA, decreased HDL-c and normal or 
slightly increased LDL-c (Klop et al., 2013).

Our data which demonstrated elevated serum and car-
diac levels of ADA, XO and uric acid in fructose-ex-
posed rats agree with previous studies (Olaniyi and Ola-
tunji, 2019; Le et al., 2020). ADA and XO play critical 
roles in uric acid synthesis as an end product of purines 
and endogenous purine metabolism, thus, controlling 
serum uric acid concentration (Le et al., 2020). Unlike 
an acute increase in uric acid that may be beneficial as 
an antioxidant, chronic hyperuricaemia has been asso-
ciated with several precursors of CVDs, including met-
abolic syndrome and coronary artery disease (Bickel 
et al., 2002; Jin et al., 2012). Thus, excessive fructose 
consumption may increase incidence of cardiometabolic 
syndrome via uric acid production, as revealed in the 
current study. Since inhibition of ADA and XO activities 
decreases uric acid synthesis (Zhao et al., 2012; Park et 
al., 2018b), decrease in ADA and XO activities observed 
in fructose+ letrozole group may imply that, letrozole 
treatment reduces uric acid synthesis by suppressing 
fructose-induced elevation of ADA and XO activities 
in both serum and heart. Suppressing effect of letrozole 
on ADA and XO activities in fructose-taking rats may 
further prove the potency of letrozole to mitigate fruc-
tose-induced cardiometabolic risk.

Conclusion
This study clearly demonstrated that fructose induced 

hyperglycaemia, lipid peroxidation, dyslipidaemia, FFA 
accumulation and elevated uric acid synthesis in male 
Wistar rats, while administration of letrozole attenuated 
the fructose effects. The implication of these findings 
is that, letrozole treatment could be a promising phar-
macological agent that can attenuate fructose-induced 
cardiometabolic syndrome, thus, preventing the risk of 
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CVDs. Although letrozole alleviated fructose-induced 
lipid peroxidation and hypercholesterolaemia in this 
study, we also reported increased cardiac MDA and se-
rum TC in rats administered with letrozole only. Hence, 
further animal and clinical findings are recommended 
to thoroughly investigate the cardiometabolic effects of 
letrozole. 

Acknowledgment 
We gratefully thank Mr. A. Garuba, Department of 

Physiology, University of Ilorin, Ilorin, Nigeria for his 
technical assistance.

Conflicts of interest
The authors report no conflict of interest. 

References
Abdel-Qadir H, Amir E, Fischer HD, Fu L, Austin PC, Har-

vey PJ, et al. The risk of myocardial infarction with aro-
matase inhibitors relative to tamoxifen in post-menopausal 
women with early stage breast cancer. Eur J Cancer 2016; 
68: 11-21. https://doi.org/10.1016/j.ejca.2016.08.022

Abdulkareem AO, Olafimihan TF, Akinbobola OO, Busari 
SA, Olatunji LA. Effect of untreated pharmaceutical plant 
effluent on cardiac Na+-K+- ATPase and Ca2+-Mg2+-AT-
Pase activities in mice (Mus Musculus). Toxicol Rep 2019; 
6: 439-43. https://doi.org/10.1016/j.toxrep.2019.05.002

Benjamin EJ, Virani SS, Callaway CW, Chamberlain AM, 
Chang AR, Cheng S, et al. Heart disease and stroke sta-
tistics-2018 update: a report from the American Heart 
Association. Circulation 2018; 137: e67-492. https://doi.
org/10.1161/CIR.0000000000000573

Bickel C, Rupprecht HJ, Blankenberg S, Rippin G, Hafner G, 
Daunhauer A, et al. Serum uric acid as an independent pre-
dictor of mortality in patients with angiographically prov-
en coronary artery disease. Am J Cardiol 2002; 89: 12-7. 
https://doi.org/10.1016/S0002-9149(01)02155-5

Blondeaux E, Musio D, Bruzzi P, Lambertini M, Gazzola V, 
Poggio F, et al. Treatment with aromatase inhibitors and 
markers of cardiovascular disease. Breast Cancer Res Treat 
2016; 160:261-7. https://doi.org/10.1007/s10549-016-
3985-7

Boutas I, Pergialiotis V, Salakos N, Agrogiannis G, Konstan-
topoulos P, Korou L, et al. The impact of Anastrazole and 
Letrozole on the metabolic profile in an experimental ani-
mal model. Sci Rep 2015; 5: 17493. https://doi.org/10.1038/
srep17493

Bundred NJ. The effects of aromatase inhibitors on lipids 
and thrombosis. Br J Cancer 2005; 93: S23-S7. https://doi.
org/10.1038/sj.bjc.6602692

Buzdar A, Howell A, Cuzick J, Wale C, Distler W, Hoctin-Boes 
G, et al. Comprehensive side- effect profile of anastrozole 
and tamoxifen as adjuvant treatment for early-stage breast 
cancer: long-term safety analysis of the ATAC trial. Lan-
cet Oncol 2006; 7: 633-43. https://doi.org/10.1016/S1470-
2045(06)70767-7

Delarue J, Magnan C. Free fatty acids and insulin resistance. 
Curr Opin Clin Nutr Metab Care 2007; 10: 142-8. 

Dornas WC, de Lima WG, Pedrosa ML, Silva ME. Health 
Implications of high-fructose intake and current re-
search. Adv Nutr 2015; 6:729-37. https://doi.org/10.3945/
an.114.008144

Early Breast Cancer Trialists’ Collaborative Group. Aro-
matase inhibitors versus tamoxifen in early breast cancer: 
patient-level meta-analysis of the randomised trials. Lan-
cet 2015; 386: 1341-52. https://doi.org/10.1016/S0140-
6736(15)61074-1

Furukawa S, Fujita T, Shimabukuro M, Iwaki M, Yamada Y, 
Nakajima Y, et al. Increased oxidative stress in obesity and 
its impact on metabolic syndrome. J Clin Invest 2017; 114: 
1752-1761. https://doi.org/10.1172/JCI21625

Geisler J, Haynes B, Anker G, Dowsett M, Lønning PE. In-
fluence of letrozole and anastrozole on total body aromati-
zation and plasma estrogen levels in postmenopausal breast 
cancer patients evaluated in a randomized, cross-over study. 
J Clin Oncol 2002; 20: 751-7. https://doi.org/10.1200/
JCO.2002.20.3.751

Hasan AS, Luo L, Baba S, Li TS. Estrogen is required for 
maintaining the quality of cardiac stem cells. PLoS One 
2021; 16: e0245166. https://doi.org/10.1371/journal.
pone.0245166

Hedayatnia M, Asadi Z, Zare-Feyzabadi R, Yaghooti-Kho-
rasani M, Ghazizadeh H, Ghaffarian- Zirak R, et al. Dys-
lipidemia and cardiovascular disease risk among the MA-
SHAD study population. Lipids Health Dis 2020; 19: 42. 
https://doi.org/10.1186/s12944-020-01204-y

Hozumi Y, Suemasu K, Takei H, Aihara T, Takehara M, Saito 
T, et al. The effect of exemestane, anastrozole, and tamoxi-
fen on lipid profiles in Japanese postmenopausal early breast 
cancer patients: final results of National Surgical Adjuvant 
Study BC 04, the TEAM Japan sub-study. Ann Oncol 2011; 
22: 1777-82. https://doi.org/10.1093/annonc/mdq707

Jin M, Yang F, Yang I, Yin Y, Luo JJ, Wang H, et al. Uric acid, 
hyperuricemia and vascular diseases. Front Biosci (Land-

Letrozole & hyperlipidaemia Physiology and Pharmacology 27 (2023) 150-160 | 158

https://doi.org/10.1016/j.ejca.2016.08.022
https://doi.org/10.1016/j.toxrep.2019.05.002
https://doi.org/10.1161/CIR.0000000000000573
https://doi.org/10.1161/CIR.0000000000000573
https://doi.org/10.1016/S0002-9149(01)02155-5
https://doi.org/10.1007/s10549-016-3985-7
https://doi.org/10.1007/s10549-016-3985-7
https://doi.org/10.1038/srep17493
https://doi.org/10.1038/srep17493
https://doi.org/10.1038/sj.bjc.6602692
https://doi.org/10.1038/sj.bjc.6602692
https://doi.org/10.1016/S1470-2045(06)70767-7
https://doi.org/10.1016/S1470-2045(06)70767-7
https://doi.org/10.3945/an.114.008144
https://doi.org/10.3945/an.114.008144
https://doi.org/10.1016/S0140-6736(15)61074-1
https://doi.org/10.1016/S0140-6736(15)61074-1
https://doi.org/10.1172/JCI21625
https://doi.org/10.1200/JCO.2002.20.3.751
https://doi.org/10.1200/JCO.2002.20.3.751
https://doi.org/10.1371/journal.pone.0245166
https://doi.org/10.1371/journal.pone.0245166
https://doi.org/10.1186/s12944-020-01204-y
https://doi.org/10.1093/annonc/mdq707


mark Ed) 2012; 17: 656-69. https://doi.org/10.2741/3950
Kamaraju S, Shi Y, Smith E, Nattinger AB, Laud P, Neuner J. 

Are aromatase inhibitors associated with higher myocardial 
infarction risk in breast cancer patients? A Medicare popu-
lation- based study. Clin Cardiol 2019; 42: 93-100. https://
doi.org/10.1002/clc.23114

Khitan Z, Kim DH. Fructose: A Key Factor in the development 
of metabolic syndrome and hypertension. J Nutr Metab 
2013; 2013: 682673. https://doi.org/10.1155/2013/682673

Khosrow-Khavar F, Filion KB, Bouganim N, Suissa S, Azou-
lay L. Aromatase inhibitors and the risk of cardiovascular 
outcomes in women with breast cancer. Circulation 2020; 
141: 549-59. https://doi.org/10.1161/CIRCULATIONA-
HA.119.044750

Klop B, Elte JWF, Cabezas MC. Dyslipidemia in obesity: 
mechanisms and potential targets. Nutrients 2013; 5: 1218-
40. https://doi.org/10.3390/nu5041218

Lê KA, Faeh D, Stettler R, Ith M, Kreis R, Vermathen P, et 
al. A 4-wk high-fructose diet alters lipid metabolism with-
out affecting insulin sensitivity or ectopic lipids in healthy 
humans. Am J Clin Nutr 2006; 84: 1374-9. https://doi.
org/10.1093/ajcn/84.6.1374

Le Y, Zhou X, Zheng J, Yu F, Tang Y, Yang Z, et al. Anti-hy-
peruricemic effects of astaxanthin by regulating xanthine 
oxidase, adenosine deaminase and urate transporters in 
rats. Mar Drugs 2020; 18: 610. https://doi.org/10.3390/
md18120610

Malik VS, Hu FB. Fructose and Cardiometabolic Health: 
What the Evidence From Sugar-Sweetened Beverages Tells 
Us. J Am Coll Cardiol 2015; 66(14):1615-1624. https://doi.
org/10.1016/j.jacc.2015.08.025

Olaniyi KS, Olatunji LA. Oral ethinylestradiol-levonorgestrel 
attenuates cardiac glycogen and triglyceride accumulation 
in high fructose female rats by suppressing pyruvate dehy-
drogenase kinase-4. Naunyn-Schmiedeberg’s Arch Phar-
macol 2019; 392: 89-101. https://doi.org/10.1007/s00210-
018-1568-3

Park JE, Yeom Z, Park KT, Han EH, Yu HJ, Kang H et al. 
Hypouricemic effect of ethanol extract of Aster glehni 
leaves in potassium oxonate-induced hyperuricemic rats. 
Clin Nutr Res 2018b; 7: 126–135. https://doi.org/10.7762/
cnr.2018.7.2.126

Park JH, Ku HJ, Kim JK, Park J, Lee JH. Amelioration of 
high fructose induced cardiac hypertrophy by naringin. Sci 
Rep 2018a; 8: 9464. https://doi.org/10.1038/s41598-018-
27788-1 

Peng TC, Wang CC, Kao TW, Chan JY, Yang YH, Chang YW, 

et al. Relationship between hyperuricemia and lipid profiles 
in US adults. Biomed Res Int 2015; 2015: 127596. https://
doi.org/10.1155/2015/127596

Ramos VW, Batistaa LO, Albuquerque KT. Effects of fruc-
tose consumption on food intake and biochemical and body 
parameters in Wistar rats. Rev Port Cardiol 2017; 36: 937-
41. https://doi.org/10.1016/j.repc.2017.04.003

Roth GA, Abate D, Abate KH, Abay SM, Abbafati C, Abba-
si N, et al. Global, regional, and national age-sex-specific 
mortality for 282 causes of death in 195 countries and ter-
ritories, 1980- 2017: a systematic analysis for the Global 
Burden of Disease Study 2017. Lancet 2018; 392: 1736-88. 
https://doi.org/10.1016/S0140-6736(18)32203-7

Rutledge AC, Adeli K. Fructose and the metabolic syndrome: 
pathophysiology and molecular mechanisms. Nutr Rev 
2007; 65: S13-23. https://doi.org/10.1111/j.1753-4887.2007.
tb00322.x

Sievenpiper JL, de Souza RJ, Kendall CW, Jenkins DJ. Is fruc-
tose a story of mice but not men? J Am Diet Assoc 2011; 
111: 219-22. https://doi.org/10.1016/j.jada.2010.12.001

Skarra DV, Hernández-Carretero A, Rivera AJ, Anvar AR, 
Thackray VG. Hyperandrogenemia induced by letrozole 
treatment of pubertal female mice results in hyperinsulin-
emia prior to weight gain and insulin resistance. Endocri-
nology 2017; 158: 2988-3003. https://doi.org/10.1210/
en.2016-1898

Stanhope KL, Schwarz JM, Keim NL, Griffen SC, Bremer 
AA, Graham JL, et al. Consuming fructose-sweetened, not 
glucose-sweetened, beverages increases visceral adiposity 
and lipids and decreases insulin sensitivity in overweight/
obese humans. J Clin Invest 2009; 119: 1322-34. https://
doi.org/10.1172/JCI37385

Teff KL, Elliott SS, Tschöp M, Kieffer TJ, Rader D, Heiman 
M, et al. Dietary fructose reduces circulating insulin and 
leptin, attenuates postprandial suppression of ghrelin, and 
increases triglycerides in women. J Clin Endocrinol Metab 
2004; 89: 2963-72. https://doi.org/10.1210/jc.2003-031855

Tappy L, Lê KA. Metabolic effects of fructose and the world-
wide increase in obesity. Physiol Rev 2010; 90: 23-46. 
https://doi.org/10.1152/physrev.00019.2009

Vega GL, Barlow CE, Grundy SM, Leonard D, DeFina LF. 
Triglyceride-to-high-density- lipoprotein-cholesterol ratio 
is an index of heart disease mortality and of incidence of 
type 2 diabetes mellitus in men. J Investig Med 2014; 62: 
345-9. https://doi.org/10.2310/JIM.0000000000000044

Wasan KM, Goss PE, Pritchard PH, Shepherd L, Palmer MJ, 
Liu S, et al. The influence of letrozole on serum lipid con-

Physiology and Pharmacology 27 (2023) 150-160 | 159 Abdulkareem et al.

https://doi.org/10.2741/3950
https://doi.org/10.1002/clc.23114
https://doi.org/10.1002/clc.23114
https://doi.org/10.1155/2013/682673
https://doi.org/10.1161/CIRCULATIONAHA.119.044750
https://doi.org/10.1161/CIRCULATIONAHA.119.044750
https://doi.org/10.3390/nu5041218
https://doi.org/10.1093/ajcn/84.6.1374
https://doi.org/10.1093/ajcn/84.6.1374
https://doi.org/10.3390/md18120610
https://doi.org/10.3390/md18120610
https://doi.org/10.1016/j.jacc.2015.08.025
https://doi.org/10.1016/j.jacc.2015.08.025
https://doi.org/10.1007/s00210-018-1568-3
https://doi.org/10.1007/s00210-018-1568-3
https://doi.org/10.7762/cnr.2018.7.2.126
https://doi.org/10.7762/cnr.2018.7.2.126
https://doi.org/10.1038/s41598-018-27788-1
https://doi.org/10.1038/s41598-018-27788-1
https://doi.org/10.1155/2015/127596
https://doi.org/10.1155/2015/127596
https://doi.org/10.1016/j.repc.2017.04.003
https://doi.org/10.1016/S0140-6736(18)32203-7
https://doi.org/10.1111/j.1753-4887.2007.tb00322.x
https://doi.org/10.1111/j.1753-4887.2007.tb00322.x
https://doi.org/10.1016/j.jada.2010.12.001
https://doi.org/10.1210/en.2016-1898
https://doi.org/10.1210/en.2016-1898
https://doi.org/10.1172/JCI37385
https://doi.org/10.1172/JCI37385
https://doi.org/10.1210/jc.2003-031855
https://doi.org/10.1152/physrev.00019.2009
https://doi.org/10.2310/JIM.0000000000000044


centrations in postmenopausal women with primary breast 
cancer who have completed 5 years of adjuvant tamoxi-
fen (NCIC CTG MA.17L). Ann Oncol 2005; 16: 707-15. 
https://doi.org/10.1093/annonc/mdi158

Xu J, Dun J, Yang J, Zhang J, Lin Q, Huang M, et al. Letrozole 
rat model mimics human polycystic ovarian syndrome and 
changes in insulin signal pathways. Med Sci Monit 2020; 
26: e923073-1-13. https://doi.org/10.12659/MSM.923073

Yang Q, Zhang Z, Gregg EW, Flanders WD, Merritt R, Hu 

FB. Added sugar intake and cardiovascular diseases mor-
tality among US adults. JAMA Intern Med 2014; 174: 516- 
24. https://doi.org/10.1001/jamainternmed.2013.13563

Yoo SY, Ahn H, Park YK. High dietary fructose intake on 
cardiovascular disease related parameters in growing rats. 
Nutrients 2017; 9: 11. https://doi.org/10.3390/nu9010011

Zhao J, He X, Yang N, Sun L, Li G. Study of drug metabolism 
by xanthine oxidase. Int J Mol Sci 2012; 13: 4873-9. https://
doi.org/10.3390/ijms13044873

Letrozole & hyperlipidaemia Physiology and Pharmacology 27 (2023) 150-160 | 160

https://doi.org/10.1093/annonc/mdi158
https://doi.org/10.12659/MSM.923073
https://doi.org/10.1001/jamainternmed.2013.13563
https://doi.org/10.3390/nu9010011
https://doi.org/10.3390/ijms13044873
https://doi.org/10.3390/ijms13044873

