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Introduction

In contemporary times, honey has been used for a 
number of purposes: nutritional, medicinal, indus-
trial, and commercial purposes [1]. Its use is linked 
to its high energy carbohydrate food value, antibac-
terial activity, and granulation value [2]. Natural 
honey has been recognized as the most traditional 
sweetener for mankind [3]. Most times the honey 
is consumed as an energy meal. Natural honey 
is a supersaturated hygroscopic solution and its 

principal chemical components are carbohydrates 
comprising majorly of a mixture of sugar making 
up about 95% of the dry weight of honey [4,5]. The 
main carbohydrates in honey are glucose and fruc-
tose. Other forms of sugars include panose, erlose, 
isopanose, centose, and gentiobiose, which are 
present in very minute quantities [5]. Similarly, con-
sumption of sugar-sweetened diets has increased 
in many developing countries as a result of rising 
rates of urbanization and globalization [6]. Income 

ABSTRACT

Aim: This study was done to assess the impact of long-term consumption of table sugar 
and natural honey on the sex hormones and the biochemical implication of this differ-
ential effect.
Materials and Methods: Fifty male and female rats (25 rats per sex) weighing 100–120 g 
were used for the experiment. They were housed in standard laboratory cages at room 
temperature (25°C), humidity of 50%–64%, and maintained on a 12:12 hour light/dark 
cycle in the animal house. After a 29-week period of feeding of equivalent quantities 
of natural honey and table sugar separately, body weight and plasma hormones were 
quantified in them. The diets were formulated to simulate average sugar composition of 
common sweetened foods and beverages.
Results: The growth pattern observed showed that the diets significantly induced a gain 
in body weight with alteration of the serum levels of sex hormones. In the females, 
sugar-sweetened diets inhibited follicle stimulating hormone (FSH) and luteinizing hor-
mone (LH) secretion at high dose but increased the levels of progesterone and estradiol 
while the consumption of honey-based diets inhibited progesterone and estradiol secre-
tion but stimulated testosterone secretion at a low percentage. In female animals fed 
with high sugar concentration diet, the serum levels of LH and FSH were observed to be 
decreased with a decrease in the level of testosterone and an increase in estradiol level. 
The level of estradiol was found to be significantly higher in sugar-fed animals than the 
honey-fed groups in the females (p < 0.05). In the male, intake of the sugar-based diet 
increased the levels of LH, FSH, and testosterone and the consumption of honey at high 
concentration stimulated FSH and LH secretion while honey at low concentration stimu-
lated testosterone secretion.
Conclusion: This study has shown that excess and extended intake of table sugar alters 
the relationship between gonadotropins (LH, FSH), oestradiol, and testosterone in the 
female rats more than the Obudu natural honey. This exerts adverse effects on the 
reproductive function which is graver in females than the males.

ARTICLE HISTORY

Received May 10, 2018
Accepted August 20, 2018
Published September 30, 2018

KEYWORDS

Honey; follicle stimulating 
hormone (FSH); luteinizing 
hormone (LH); testosterone; 
estradiol; sex hormones; 
sugar



10 J Apither • 2018 • Vol 4 • Issue 1

Nnenna Nnaji, Lawson Ekpe

rise and technological advancement come with a 
drastic change to the western dietary lifestyle i.e., 
diets rich in simple sugars are gradually replacing 
traditional diets that are high in complex carbohy-
drates and fiber [7]. Both natural honey and table 
sugar are calorie-dense sweeteners. Both are com-
posed of fructose and glucose; but while fructose 
and glucose are bound together in table sugar to 
form a complex called sucrose, they appear in sim-
ple forms in natural honey and are easily absorbed 
[8]. A tablespoon of white granulated sugar con-
tains 49 calories while a tablespoon of honey has 
68 calories, suggesting that honey has higher cal-
ories than the sugar when consumed in equal 
amounts [8]. Consumption of table sugar in diets 
and beverages is believed to result in weight gain 
and associated diseases, such as diabetes, polycys-
tic ovaries, infertility, and cancer of the uterus in 
overweight females, as opposed to natural honey 
which is rather believed to be nutritionally benefi-
cial. The result is that natural honey becomes natu-
rally preferred, hence consumed in large quantities, 
which tend towards abuse by those who can afford 
it. Honey is sweeter than table sugar; hence, it is 
required in relatively smaller quantity than table 
sugar. Honey is said to have a lower glycemic index 
(GI), an average of 55 ± 5 while table sugar has a GI 
of 68 ± 5; hence, natural honey has a lower effect on 
increasing blood glucose level and therefore, could 
be a better alternative sweetener than the table 
sugar for the diabetics [8].

Excess sugars (particularly glucose) in the body 
are converted to glycogen and fat for storage as tria-
cylglycerols in the adipose tissue, leading to weight 
gain [9–11]. Uncontrolled weight gain results in 
obesity and other health conditions, such as car-
diovascular diseases, hyperlipidemia, hyperten-
sion, diabetes, reduction in reproductive capacity, 
increased dental diseases, and certain cancers 
[12–14]. The resulting disease conditions contrib-
ute immensely to morbidity and mortality. Globally, 
obesity which results from over-nutrition has 
reached epidemic proportions [7]. Thus, increased 
free sugar intake poses a threat to the quality of 
nutrients in a diet because it provides a higher 
amount of energy with no specific nutrient, and 
leading to an increased tendency to obesity with its 
attendant complications. Extremes of nutritional 
imbalance (both under-nutrition and obesity) in 
men lead to marked hypogonadotropic hypogonad-
ism, with a resultant severe decrease in testoster-
one and luteinizing hormone concentrations [15]. 
Malnutrition, under-nutrition, and severe obesity 

can also cause a disruption of the menstrual cycle 
in the females. There is a relationship between a 
high follicular oestradiol level and sweetened soda 
consumption among premenopausal women [16]. 
Obesity at an early age predisposes to the develop-
ment of menstrual irregularities and infertility as 
well as increased risk of miscarriages in women. 
Likewise, high frequency of erectile dysfunction 
and decreased sperm production in men with high 
body mass index has been reported [17].

Fructose and glucose are broken down in the 
hepatic region, with the excess converted and 
stored as lipids (triacylglycerol). An increase in the 
synthesis of lipids deactivates sex hormone bind-
ing globulin (SHBG) gene, leading to a reduction in 
the levels of SHBG protein in circulation. It is this 
protein that controls the level of testosterone and 
estrogen in the blood. Abnormal levels of SHBG 
distort the delicate balance between estrogen 
and testosterone [18]. According to Nervey et al. 
[19], excessive consumption of honey appears to 
have a deleterious effect on serum levels of tes-
tosterone but enhances the production of follicle 
stimulating hormone (FSH), luteinizing hormone 
(LH), and prostate-specific antigen. A reduction 
in serum testosterone levels could lead to low sex 
drive, changes in mood, loss of muscle strength, 
and increased body fat [20]. Chronic consumption 
of natural honey and sweetened foods has been 
linked to alteration in plasma levels of many hor-
mones. This study assesses the effects of chronic 
consumption of both honey and sweetened foods 
on the plasma levels of sex hormones of both male 
and female Wistar rats.

Materials and Methods

Materials

Natural honey was obtained from the Obudu Cattle 
Ranch, Obanliku L.G.A, Cross River State, Nigeria, 
whereas white granulated sugar was purchased 
from Golden Sugar Company (Apapa, Lagos state). 
Glucose sensor meter with its corresponding test 
strips (Accu-Chek Active) was procured from 
Mannheim, Germany. Glucose was validated before 
use, and standard operative procedures were fol-
lowed in its use.

Animals

Fifty male and female rats (25 rats per sex) weigh-
ing 100–120 g were used for the study. They were 
housed in standard laboratory cages at room 
temperature (25°C), humidity of 50%–64%, and 
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maintained on a 12:12 hour light/dark cycle in the 
animal house. The animals were allowed to accli-
matize to the environmental conditions and the pel-
letized feed for 4 weeks before the commencement 
of the experimental feeding procedures. All experi-
mental procedures were carried out in line with the 
University of Calabar and the International Animal 
Care guideline.

Diets formulation and feeding of experimental 
animals

A day prior to the commencement of dietary manip-
ulations, the animals fasted overnight and their 
body weights and fasting plasma glucose (FPG) 
were measured the next morning. Thereafter, the 
animals were randomly assigned to 10 groups of 
5 consisting of equal number of both sexes (i.e., 
five rats per sex), however, the males were kept 
separate from the female rats, each with a simi-
lar average weight per group at the onset of the 
experiment. The diets were formulated to simulate 
average sugar composition of common sweetened 
foods and beverages. The percentages of the sweet-
eners equilibrated gravimetrically. Fresh diets for 
each group were compounded every other day to 
avoid spoilage. The animals were allowed access to 
the diets and drinking water ad-libitum. The left-
over and spilled diets were carefully collected and 
weighed in order to determine the animals’ diet 
intake i.e., the difference between the initial diet 
supplied and the leftover. Diet intake, body weight, 
and fasting blood glucose were measured every 
other day throughout the 29-week feeding dura-
tion. FPG was measured using the glucose oxidase 
method. At the end of 29-week treatment, the last 
in vivo measurements were conducted and the rats, 
having been fasted overnight (but had free access to 
water), were anesthetized using chloroform vapor. 
Sterile syringes and needles were used to collect 
whole blood from the animals by cardiac puncture. 
The blood was emptied into non-heparinized tubes, 
allowed to stand for 2 hours, and then centrifuged 
for 10 minutes at 3,000 revolutions per minute 
(rpm). The rats were aged 2 and 8 months at the 
time of feeding commencement and at the time of 
sacrifice, respectively.

Serum biochemical analyses

Serum was carefully aspirated into sample tubes 
and stored frozen until used for biochemical analy-
ses. Serum level of hormones was determined using 
rat assay kits of testosterone (T), estradiol (E), pro-
gesterone (P), FSH, and LH. These were determined 

in serum by appropriate methods using commercial 
assay kits based on the principle of enzyme linked 
immunosorbent assay (Marburg, Germany) [21]. 
The assay procedures used were as contained in 
the kit manuals. Using appropriate wavelengths for 
each analyte, the optical density was taken and read 
with a microtiter plate reader, after which the cor-
responding concentration was calculated.

Statistical analysis

All data were expressed as mean ± standard error 
of mean (SEM). The SPSS software (version 20) 
was used to analyze the data obtained in this 
study. The one-way analysis of variance was used 
followed by the least significant difference post-
hoc comparison of means. Differences at p ≤ 0.05 
were considered statistically significant.

Results

Dietary intake

The dietary intake (in grams) of the female rats 
which were monitored during the course of treat-
ment showed that in week 6, S-8% group consumed 
significant quantities of diets than the normal con-
trol (NC) and H-10% groups, this pattern was sus-
tained till week 29 (p < 0.05). The female H-20% 
group ate more diets than groups NC and S-16% 
from week 6 to 8 at p < 0.05, thereafter, the rate 
of consumption in H-20% group declined steadily 
such that from week 16 till the end of administra-
tion this group ate significantly less diets than NC 
and S-16% groups (Fig. 1a). Overall, amongst the 
female rats, it was observed that for the most part of 
the study, dietary intake was higher in group S-8% 
than in any other group whereas group H-20% ate 
the least amount of diets. However, within their 
male counterpart groups, H-10% group ate the 
largest amount of diets than any other group in gen-
eral comparison for a long period during the study 
as illustrated in Figure 1b, whereas the feeding pat-
tern among the other four groups (i.e., NC, S-8%, 
S-16%, and H-20%) was not significantly different. 
Additionally, in week 6, the NC group ingested more 
diets than both groups S-16% and H-20% in the 
male category (p < 0.05).

Changes in body weights

According to Figure 2a, the body weights (%) in 
female group H-20% were significantly increased 
compared to the control and S-16% groups from 
week 2 up to week 29 of the treatment period  
(p < 0.05). A similar trend was between female groups 
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S-16% and NC within the aforementioned duration, 
whereas the weights of H-10% rats increased consid-
erably relative to NC rats (weeks 4–20) and S-8% rats 
(weeks 4–8) (p < 0.05). Generally, with respect to the 
females, group H-20% had the highest body weight 
while the control had the lowest weight throughout 
the experimental duration. However, the male rats 
demonstrated results different from the females 
in terms of their body weights in that, broadly, the 
highest and lowest body weights were displayed by 
groups S-8% and H-20%, this pattern was sustained 
during the entire treatment time. Figure 2b details a 
significant increase in the body weights of male S-8% 
group compared to groups NC and H-10% (weeks 
2–20) (p < 0.05).

Relative weights of total white adipose tissue and 
testes

There was no significant difference in the relative 
weights (g) of total white adipose tissue (WAT) 
among the female groups (p > 0.05) as depicted in 
Figure 3a, the WAT comprised of perirenal and epi-
didymal WAT. In contrast, data obtained revealed 

that the relative weights of total WAT in the male 
honey-fed and sugar-fed groups (i.e., H-10% and 
S-16%) were significantly greater than in the NC 
group at p < 0.05 (Fig. 3b). However, unlike the sit-
uation with the male rats’ WAT, relative weights (g) 
of the male rats’ testes showed no significant dif-
ference between the control and treated groups  
(p > 0.05) (see Fig. 3b).

Plasma hormone concentration

The concentration (mIU/ml) of LH in the sera of 
female rats treated with sugar-sweetened diet 
(S-16% group) were significantly reduced relative 
to the control group at P < 0.05 (Fig. 4a). Likewise, 
concentrations of sera LH in the male rats were 
detected to have increased in the S-16% group com-
pared to the control and their honey-fed counter-
parts (H-20% group) (p < 0.05) as demonstrated in 
Figure 4b.

Serum follicle stimulating hormone

In Figure 5a, there was a significant decrease in 
FSH concentrations in the sugar-fed group (S-16%)  

1a

1b

Figure 1. (a and b) Diet intake (g) of the female and 
male rats fed with natural honey and table sugar- 
sweetened diets, respectively. NC = normal control, 
S-8% = 8% sugar-sweetened diet group, S-16% = 16% 
sugar-sweetened diet group, H-10% = 10% honey 
sweetened diet group, and H-20% = 20% honey sweet-
ened diet group. a = p < 0.05 vs. NC and b = p < 0.05 
vs. corresponding energy group. Values represent the 
means ± SEM, n = 5.

2a

2b

Figure 2. (a and b) Changes in body weights (%) 
of female and male rats fed with natural honey 
and table sugar-sweetened diets, respectively. 
NC = normal control, S-8% = 8% sugar-sweetened 
diet group, S-16% = 16% sugar-sweetened diet group, 
H-10% = 10% honey sweetened diet group, and  
H-20% = 20% honey sweetened diet group. a = p < 0.05 
vs. NC and b = p < 0.05 vs. corresponding energy group. 
Values represent the means ± SEM, n = 5.
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relative to the honey-fed (H-20%) and control groups 
at p < 0.05. The reverse outcome was detected in 
the males, in that the FSH levels were significantly 
raised in the sugar-fed animals (S-8%) compared 
to their equivalent honey-fed animals (H-10%) at  
p < 0.05. Furthermore, FSH concentrations in the 
male groups of S-8%, S-16%, and H-20% were 
increased considerably than in the NC group  
(P < 0.05) as depicted in Figure 5b.

Estradiol concentrations in serum

The serum concentrations (pg/ml) of estra-
diol in both sugar-administered groups (S-8% 
and S-16%) increased significantly than in the 
control (p < 0.05) unlike the honey-adminis-
tered group (H-10%) whose levels decreased 
considerably than the normal control in the 
female rats (Fig. 6a). Furthermore, analyses of 
the female test groups indicated that the con-
centrations of estradiol in both sugar-fed groups 
were comparatively higher than those in their 
respective equivalent honey-fed groups at  

p < 0.05 i.e., S-8% vs. H-10% and S-16% vs. H-20%. 
However, neither sugar nor honey impacted on the 
serum estradiol concentrations in the male rats at 
p > 0.05.

Progesterone concentration

There was an observable significant reduction in 
the progesterone concentrations (ng/ml) of the 
females’ honey-fed groups relative to the NC p < 0.05 
(see Fig. 7a). Nevertheless, the sugar-fed groups 
(viz. S-8% and S-16%) showed higher levels of 
progesterone than their corresponding honey-fed 
groups (viz. H-10% and H-20%) in the female 
animals (p < 0.05). In the male category, there was 
the null effect of honey and sugar-sweetened diets 
on the progesterone concentrations in their sera  
(p > 0.05) and this is presented in Figure 7b.

Concentrations of testosterone

In the female rats, the only detectable significant 
difference was between honey-fed group (H-10%) 
and NC, in this case, the serum testosterone 

3a

3b

Figure 3. (a and b) Relative weights (g) of total 
WAT and testes in female and male rats adminis-
tered with natural honey and table sugar-sweetened 
diets, respectively. WAT = white adipose tissues, NC 
= normal control, S-8% = 8% sugar-sweetened diet 
group, S-16% = 16% sugar sweetened diet group, 
H-10% = 10% honey sweetened diet group, and  
H-20% = 20% honey sweetened diet group. a = p < 0.05 
vs. NC. Values represent the means ± SEM, n = 5.

4a

4b

Figure 4. (a and b) Serum LH concentrations  
(mIU/mLl) in female and male rats fed natural honey 
and table sugar-sweetened diets, respectively. NC = nor-
mal control, S-8% = 8% sugar-sweetened diet group,  
S-16% = 16% sugar-sweetened diet group,  
H-10% = 10% honey sweetened diet group, and 
H-20% = 20% honey sweetened diet group. a = p < 0.05 
vs. NC and b = p < 0.05 vs. corresponding energy group. 
Values represent the means ± SEM, n = 5.
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concentrations (ng/ml) in the H-10% group was 
raised significantly than in the NC group (p < 0.05) 
as depicted in Figure 8a. Similarly, upon analyses, 
the male groups H-10% and S-16% serum testos-
terone concentrations were elevated significantly 
relative to NC at p < 0.05. In addition, these hor-
mone levels were markedly reduced (p < 0.05) in 
sugar-administered rats (i.e., S-8%) than in the  
corresponding honey-administered rats (H-10%) 
and this is clearly elaborated in Figure 8b.

Discussion

This study investigated and compared the effect of 
29-week feeding of the equivalent of table sugar 
and natural honey on the sex hormones of male 
and female albino rats. There was a sequential 
progressive gain in body weight across the study 
groups. In the females, the progressive weight gain 
was observed to be significantly increased in the 
H-20% fed group when compared with the NC and 
the S-16% diet fed group, all through the treatment 
duration. Percentage changes in the body weight 

were higher in the two higher concentration groups 
(H-20% and S-16%) in the females; the only differ-
ence was that the increase in the body weight was 
consistently higher in the H-20% as compared to 
S-16% all through the period. H-20% diet-fed rats 
had the highest body weight gain and NC the lowest. 
The changes in body weight were found to correlate 
with the feed intake: the H-10% consumed the high-
est amount of feed, followed by the S-8% and the 
H-20% has the lowest dietary intake. This observa-
tion is in line with the findings of Ajibola et al. [22], 
that low concentration diet groups consume more 
feed than the higher concentration groups. Ajibola  
et al. [23] also stated that the growth pattern 
observed showed that the diets significantly 
induced a gain in body weight, buttressing the dif-
ference in growth pattern among the groups, with 
the male having a higher weight gain than the 
female, irrespective of their similar weight at birth, 
exposure to the same experimental condition and 
dietary treatment. Also, this study is not entirely 
in agreement with Ajibola et al. [23] and Anyakudo  
et al. [24], who argued that honey-based diet brings 

5a

5b

Figure 5. (a and b) Serum FSH concentrations (mIU/
mLl) in female and male rats fed natural honey and 
table sugar-sweetened diets, respectively. NC = normal  
control, S-8% = 8% sugar-sweetened diet group, 
S-16% = 16% sugar-sweetened diet group, 
H-10% = 10% honey sweetened diet group, and 
H-20% = 20% honey sweetened diet group. a = p < 0.05 
vs. NC and b = p < 0.05 vs. corresponding energy group. 
Values represent the means ± SEM, n = 5.

6a

6b

Figure 6. (a and b) Estradiol serum concentrations  
(pg/ml) in female and male rats fed natural honey and 
table sugar-sweetened diets, respectively.  
NC = normal control, S-8% = 8% sugar-sweetened 
diet group, S-16% = 16% sugar-sweetened diet group, 
H-10% = 10% honey sweetened diet group, and 
H-20% = 20% honey sweetened diet group. Values  
represent the means ± SEM, n = 5.
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about a significant reduction in weight gain in both 
healthy and diabetic rats with the same daily caloric 
serving and insignificant increase in feed consump-
tion of the honey fed; adding that antioxidant con-
tent of honey might be a contributing factor for 
reduction in weight gain .

In this study, a significant reduction in serum 
concentration of LH in the S-16% group of females 
was observed, a significant increase in the males 
compared with the NC. Luteinizing hormone, in 
conjunction with FSH, regulates the ovarian secre-
tion of estradiol and progesterone in the females, 
and also, stimulates the synthesis of testosterone by 
the thecal cells of the ovaries and interstitial cells of 
the testicles. The observed significant decrease in 
LH concentration in the S-16% group in the female 
could be due to a feedback effect of estradiol or  
testosterone on LH secretion.

Furthermore, FSH stimulates and sustains the 
growth and development of the ovarian follicles in 
the females and the production of sperm in men. Its 
secretion is regulated by gonadotropin releasinhg 
hormone, estrogens, activine, and inhibin. It was 
observed that the serum level of FSH was significantly 

decreased in S-16%, in females, but a significant 
increase in the males compared with the NC. This is 
at variance with observations of Nervey et al. [19] of 
a significant increase in FSH level in the low honey 
concentration diet group and a significant decrease 
in high honey concentration fed male rats. There 
was also a non-significant increase of progesterone 
level in the sugar diet fed groups and a statistically 
significant decrease in honey diet fed groups in the 
female when compared with the control while in the 
male there was a null effect, this could be because 
progesterone is predominantly a female hormone 
as studied by Abdul-Ghani [25]. Nervey et al. [19] 
and Mosavat et al. [26] reported that honey causes 
a significant rise in the serum concentrations of pro-
gesterone in male and female rats fed for 10 and 8 
weeks, respectively. It could be that consumption of 
sugar diets enhances the secretion of progesterone 
while honey diet inhibits its secretion in the females, 
this may depend on the phase of the menstrual cycle 
of the animals at the time. According to Al-asmakh 
[27], the plasma concentration of progesterone rises 
to peak during the luteal phase of the menstrual 

7a

7b

Figure 7. (a and b) Serum progesterone concentrations 
(ng/ml) in female and male rats fed natural honey and 
table sugar-sweetened diets, respectively. NC = normal 
control, S-8% = 8% sugar-sweetened diet group,  
S-16% = 16% sugar-sweetened diet group, 
H-10% = 10% honey sweetened diet group, and 
H-20% = 20% honey sweetened diet group. Values rep-
resent the means ± SEM, n = 5.

8a

8b

Figure 8. (a and b) Serum testosterone concentrations 
(ng/ml) of female and male rats fed with natural honey 
and table sugar-sweetened diets, respectively.  
NC = normal control, S-8% = 8% sugar-sweetened 
diet group, S-16% = 16% sugar-sweetened diet group, 
H-10% = 10% honey sweetened diet group, and  
H-20% = 20% honey sweetened diet group. a = p < 0.05 
vs. NC and b = p < 0.05 vs. Corresponding energy group. 
Values represent the means ± SEM, n = 5.
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cycle but decreases markedly during the follicular 
phase. Estradiol (E) regulates gonadotropin secre-
tion in the ovarian cycle of the females and has a 
negative feedback inhibitory effect on testosterone 
synthesis by the Leydig cells. Estradiol also has a 
negative feedback on the LH secretion. The levels of 
E were found to be significantly higher in sugar-fed 
animals than the NC and the honey fed groups in the 
females, which agrees with the earlier submission 
by Mosavat et al. [26] of the low level of E in rats on 
honey supplements while in the male there were no 
significance differences. Furthermore, testosterone 
functions as a precursor for estrogen production, 
the production of testosterone is regulated by the 
negative feedback action of circulating testosterone 
on LH secretion. A high concentration of circulating 
testosterone will lead to a decrease in the frequency 
and rate of pulsatile LH released; it also enhances 
the development of secondary sex characteristics 
and control gonadotropins secretion. In this study, 
there was a significance increase in T level of female 
rats fed H-10% diet compared with the NC and other 
treatment group, this is in agreement with Nervey 
et al. [19] that showed a significant rise in serum 
concentration of testosterone and FSH in rat admin-
istered low concentration of honey. This could be 
because excess sugar is converted to lipid in the liver, 
and cholesterol, a precursor of steroid hormones is 
synthesized from lipids [18,28].

In the female animals fed with high sugar con-
centration diet, the serum levels of LH and FSH 
were observed to be decreased, with a decrease in 
the level of testosterone and an increase in estra-
diol level. This could be as a result of an increase 
in aromatase activity while the elevated level of 
testosterone and a decline in estradiol seen in low 
honey concentration could as a result of a decrease 
in aromatase activity. In the males, levels of both 
FSH and LH were observed to be elevated in high 
sugar concentrations (S-16%), with an increase in 
the level of testosterone, which could be because 
sugar at a high dose and long duration may cause a 
failure in the feedback regulation of gonadotropin 
by testosterone. This is because when the level of T 
is high, it regulates the rate at which LH is secreted.

Overall data obtained in this study have shown 
that 29 weeks feeding of equivalent quantities of 
natural honey and table sugar separately altered 
the serum levels of sex hormones; in the females 
sugar-sweetened diets inhibits FSH & LH secretion 
at high dose but increases the levels of progesterone 
and E and consumption of honey-based diets inhib-
its progesterone and E secretion but stimulated 

testosterone secretion at low percentage, indicating 
that intake of sugar-based diet might have increased 
aromatization activity thus leading to increased E 
synthesis or that excessive sugar intake may have 
inhibited the secretion of SHBG, which resulted in 
reduction in serum level of gonadotropin [18]. In 
the male intake of sugar-based diet increased the 
levels of LH, FSH, and T and consumption of honey 
at high concentration stimulated FSH and LH secre-
tion while honey at low concentration stimulates 
testosterone secretion, this effect of low honey con-
centration on testosterone could be as a result of 
negative feedback of high testosterone level on LH 
and FSH, that results in a decrease in the level of cir-
culating LH and FSH. Intake of sugar and low dose 
honey could enhance sperm production, although 
an increase in testosterone was actually supposed 
to bring about a reduction in the level of FSH and 
LH, therefore, sugar intake may also have inhibited 
the secretion of SHBG which may have been the 
cause of elevated level of testosterone [18].

A study in mice and humans indicates that the 
genes involved in the regulation of the concen-
tration of functional estrogen and testosterone in 
the body can be inhibited by excess glucose and 
fructose [18]. In women, an elevated amount of 
testosterone is associated with metabolic impair-
ments [29].

Conclusion

This study has shown that excess and extended 
intake of table sugar alters the relationship between 
gonadotropins, estradiol, and testosterone in the 
female rats. Long-term consumption of a relatively 
high amount of table sugar may exert an adverse 
effect on the reproductive function more than the 
Obudu natural honey. The potential adverse effect 
of long-term consumption of table sugar may be 
graver in females than the males. Further investiga-
tion is required to establish these findings.

References
[1] Cortés ME, Vigil P, Montenegro G. The medici-

nal value of honey : a review on its benefits to 
human health, with a special focus on its effects 
on glycemic regulation. Cienc Investig Agrar 2011; 
38(2):303–17.

[2] White BW, Doner LW. Honey Composition and 
properties:beekeeping in the United States. J Sci 
Agr 1980; 335:1–12.

[3] Singh MP, Chourasia HR, Agarwal M, Malhota A, 
Sharma M, Sharma D, et al. Honey as complementary 



www.japitherapy.com 17

Effects of honey and sugar on sex hormones

medicine: a review. Int J Pharm Biosci 2012; 
3(2):45–55.

[4] Bogdanov S, Jurendic T, Sieber R. Honey for nutri-
tion and health : a review. Am J Coll Nutr 2008; 
27:677–89.

[5] Chavan SL, Deshmukh RS, Parekh H, 
Mukhopadhyaya PN. Honey as a potent natural 
supplement for diverse human ailments. Basic Res 
J 2014; 3(6):45–54.

[6] Malik V, Popkin B, Brag GA, Despres J, Willett WC, 
Hu FB. Sugar-sweetened beverages and risk of 
metabolic syndrome and Type 2 diabetes. Diabetes 
Care 2010; 33:2477–83.

[7] World Health Organization. Global database on 
body mass index. World Health Organisation: global 
strategy on diet, physical activity and health. 2016.

[8] Kappico JT, Suzuki A, Hongu N. Is honey the 
same as sugar? Univ Arizona Cooperat Ext 2012; 
4(3):334–38.

[9] Wang Y, Gibienk A, Spence DM. Microfluidic evalu-
ation of red cells collected and stored in modified 
processing solutions used in blood banking. Integr 
Biol 2014; 6:65.

[10] Lieberman M, Marks A. Mark’s basic medical 
biochemistry. A clinical approach. 3rd edition, 
Lippincott Williams and Wilkins, Philadelphia, PA, 
pp 616–850, 2009.

[11] Harms M, Seale P. Brownfat: development, func-
tion and therapeutic potential. Nat Med 2013; 
19(10):1252–63.

[12] Fitch C, Keim K. Use of nutritive and non-nutritive 
Sweeteners. J Acad Nutr Diet 2012; 112(5):739–58.

[13] Shankar P, Ahuja S, Sniram K. Non nutritive 
sweeteners: review and update. Nutrition 2013; 
29(11–12):1293–9.

[14] Guangchang P, Chen XJ, Zhihe QH. Energy intake 
metabolic homeostasis and human health. Food Sci 
Human Well 2014; 3(3–4):89–103.

[15] Bhasin S, Brito JP, Cunningham GR. Testosterone 
therapy in men with hypogonadism: an Endocrine 
Society clinical practice guideline. J Clin Endocrinol 
Metab 2018; 103(5):1–30.

[16] Schliep KC, Schisterman EF, Mumford SL, Pollack 
AZ, Perkins NJ, Ye A, et al. Energy-containing bev-
erages: reproductive hormones and ovarian func-
tion in the biocycle study. Am J Clin Nutr 2013; 
97(3):621–30.

[17] Pasquali R, Patton L, Gambineri A. Obesity and 
infertility. Current opinion in endocrinology. 
Diabetes Obes 2007; 14(6):482–7.

[18] Berardi JM. Too much sugar turns off gene that con-
trols effect of sex steroids. Prec Nutr 2007; 8:444.

[19] Nervey DW, Patric IS, Godwin AO. The influence of 
excessive and prolonged ingestion of honey on sex 
hormones and prostate specific antigen in adult 
male Wistar rats. Med Sci 2012; 1(3):161–70.

[20] Onah CE, Meludu SC, Dioka CE, Onuegbu JA, Amah 
UK, Olisekodiaka MJ, et al. Pattern of male sex hor-
mones in type 2 diabetic patients in Nnewi. J Dent 
Med Sci 2013; 10(4):65–70.

[21] Steyn FJ, Wan Y, Clarkson J, Veldhuis JD, Herbison 
AE, Chen C. Development of a Methodology for and 
assessment of pulsatile luteinizing hormone secre-
tion in juvenile and adult male mice. Endocrinology 
2013; 154(12):4939–45.

[22] Ajibola A, Chamunorwa JP, Erlwanger KH. 
Comparative effect of cane syrup and natural honey 
on abdominal viscera of growing male and female 
rats. Indian J Exp Biol 2013; 51(2):303–12.

[23] Ajibola A, Chamunorwa JP, Erwanger KH. Dietary 
supplementation with natural honey promotes 
growth and health of male and female rats com-
pared to cane syrup. Acad J 2013; 8(14):543–53.

[24] Anyakudo MC, Balogun AJ, Adeniyi MO. Beneficial 
effects of honey-based diet on glycemic control and 
reproductive potential in diabetic rats. World J Nutr 
Health 2015; 3(2):41–6.

[25] Abdul-Ghani A, Dabdoub N, Muhammed R, Abdul-
Ghani R, Qazzaz M. Effect of Palestinian honey 
on spermatogenesis in rats. J Med Food 2008; 
11(4):799–802.

[26] Mosavat M, Mohamed M, Mirsanjari MO. Effect of 
exercise on reproductive hormones in female ath-
letes. Int J Sport Exerc Sci 2013; 5(1):7–12.

[27] Al-asmakh M. Reproductive functions of progester-
one. Middle East Fertil Soc J 2007; 12(3):147–52.

[28] Satyanarayana U, Chakrapani U. Essentials of bio-
chemistry. 3rd edition, Books and Allied Limited, 
India, pp 340–400, 2010.

[29] Zilioli, S., Ponzi, D., Henry, A. Maestripieri D. 
Testosterone, cortisol and empathy: evidence for 
the dual-hormone hypothesis. Adap Human Behav 
Physiol 2015; 1:421.


