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Abstract

Health promoting and healing potentials of honey have been widely reported. This study was designed to assess the effect of honey on
altered thyroid states. Tri-iodothyronine (T3), Thyroxine (T,), Thyroid Stimulating Hormone (TSH) levels were estimated. Antioxidant status
was determined by measuring the activities of Superoxide Dismutase (SOD) and Malondialdehyde (MDA). Lipid profile was assessed by
measuring the serum levels of Cholesterol (CHOL), Triglyceride (TG), Low Density Lipoprotein (LDL) and High Density Lipoprotein
(HDL) in hypothyroid and hyperthyroid female Wistar strain albino rats. The results obtained show that hyperthyroidism caused significant
reduction in body weight while treatment with honey completely reversed this effect. In hypothyroid rats, body weight was further increased
on treatment with honey. However, there was no significant effect of honey on the levels of Tj, T4 and TSH in both hypothyroid and
hyperthyroid groups compared with control although the hypothyroid animals treated with honey showed significant reduction in the levels
of CHOL, TG, LDL, SOD and MDA compared with hypothyroid untreated. Hyperthyroid rats which received honey exhibited significant
increases in the levels of CHOL, TG and LDL compared with control. These findings show that although lipid profile and anti-oxidant status
were improved in hypothyroid animals treated with honey, the levels of the thyroid hormones were not reversed in the altered thyroid states.
This may be attributed to the presence in honey of phenolic compounds which could enhance free radical scavenging activity and reduce
lipid peroxidation.
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INTRODUCTION

Thyroid dysfunction is a common endocrine disorder in the
female homo sapiens and it has been found to lead to either
hyperthyroidism or hypothyroidism (Goldman, 1999).
Hyperthyroidism is a condition in which the thyroid gland
secretes excess thyroid hormones while hypothyroidism is
associated with low secretion of these hormones.
Hyperthyroidism is  common in  women  while
hypothyroidism may occur in all ages affecting different
organs and systems of both men and women (Ishikawa et al.,
1998, Goldman 1999). The data from the third National
Health and Nutrition Examination Survey (NHANES III)
showed a 4.6% prevalence of hypothyroidism in the general
population, while 9.5% of the Colorado prevalence study
participants had elevated levels of thyroid stimulating
hormone (TSH) (Canaris et al.,2000). Thyroid failure is more
common in women and its prevalence rises with age.
Hypothyroid patients have increased levels of total
cholesterol (TC) and low density lipoprotein cholesterol
(LDL-C ) and has been reported to be a common cause of
secondary dyslipidemia (Tsimihodimos et al., 1999, Canaris
et al., 2000). Honey is a natural substance produced by bees
and consist basically of a complex mixture of carbohydrates,
especially glucose and fructose, organic acids, amino acids,
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minerals, vitamins, enzymes, pollens, and pigments (Crane
1975, Fallico et al., 2004). The protective potentials of honey
as an antioxidant (Frankel et al.,1998), antihyperlipidemic
(Molan,1992),  anti-inflammatory  (Al-Walli,  2003),
antibacterial (Gheldof et al.,2003) antidiabetic (Erejuwa et
al., 2012), and anticancer agent (Erejuwa, 2014) have been
reported. Since honey is commonly consumed as part of
normal human diet, the possibility of honey contributing
positively to health even in pathological condition cannot be
over looked. This study was therefore designed to assess the
effect of honey on thyroid hormones (T3, T, and TSH levels),
antioxidant status and lipid profile in altered thyroid
conditions.

MATERIALS AND METHODS

Animals: Sixty female Wistar strain albino rats (100-120g)
were obtained from the Preclinical Animal House, College of
Medicine, University of Ibadan, Ibadan, Nigeria. The animals
were acclimatized for two weeks, fed with standard
commercial rat chow (Pfizer) and water ad libitum.

Drugs: Carbimazole (5mg) and Levothyroxine (100ug),
produced by Amdipharm Plc, United Kingdom were obtained
from Omak Pharmacy Bodija, Ibadan.

Experimental procedure: Altered thyroid states,
hypothyroidism and hyperthyroidism were induced with
daily oral administration of carbimazole (2mg/100g b.w) and
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levothyroxine (5ug/100g b.w) respectively for 35 days
(Ayodeji and Roland, 2012) The rats (n=10) were divided
into six groups: Group 1 served as control and received 0.5ml
of distilled water for 63days, group 2 received honey (1ml
/100g b.w) for 63 days, group 3 received carbimazole
(2mg/100g b.w) for 35 days followed by honey (1ml/100g
b.w) for the following 28 days, group 4 received
carbimazole (2mg/100g b.w) for 35 days followed by honey
(Iml/100g b.w) for 28 days, group 5 received levothyroxine
(5ug/100g b.w) for 35 days followed by distilled
water(0.5ml) for 28 days, group 6 received levothyroxine
(5ug/100g b.w) for 35 days followed by honey(1ml/100g
b.w) for 28 days. Body weights were measured every week
during the course of treatment. At the end of the experiment,
blood (5mls) was collected through retro orbital sinus into a
plain tube and was allowed to clot. The sample was then
centrifuged for 15mins at 3000 rev/min to obtain clear serum
for further analysis. On the 36" day of treatment,thyroid
hormones - T3,T4 and TSH were assayed by standard
procedure using ELISA technique to confirm conditions of
hypothyroidism and hyperthyroidism and also on days 14 and
day 29 of honey administration to assess the effect of honey
on the altered thyroid states. After 28 days of honey
administration, cholesterol (CHOL), triglyceride (TG), high
density lipoprotein (HDL) and low density lipoprotein (LDL)
were analyzed using Randox Diagnostic kit UK, based on the
method of Meiattini et al, 1978. Malondialdehyde (MDA)
was analyzed using Sigma Aldrich Diagnostic kit, USA
based on the method of Yagi, 1998. Superoxide dismutase
(SOD) was analyzed using Superoxide Dismutase assay kit
from Cayman Chemicals, Michigan, USA based on the
method of Malstrom et al, 1975.

Statistical Analysis: Data were analyzed using student t test
and ANOVA with P < 0.05 indicating the level of statistical
significance.

RESULTS

Table 1 shows the different weights of the animals during the
period of experimentation. As seen from the data, induction
of hypothyroid and hyperthyroid states resulted in significant
weight gain and weight loss respectively followed by
significant increase in weight after honey treatment in the
normal, hypothyroid and hyperthyroid groups. The profile of
TSH levels in the animals is depicted in Figure 1. Here,
treatment of the hypothyroid group with honey did not show
any significant effect on the elevated TSH level while the
reduced levels of T3 and T4 (Figures 2 and 3) were not
altered by administration of honey.

Table 1:
Weights (g) of Rats Before and After Induction of Altered Thyroid
State And After Oral Administration of Honey (1ml/100g b.w).

Group Weight Weight After | Weight
Before Induction After Honey
Induction Treatment

Control 115 125.6+ No Honey
+4.49% 6.98#

Normal Rats Treated | 120 130.6+ 145.0+

with Honey + 3.84# 4.86# 6.62*

Hypo 100.2 135.0 £ 6.66 149.6+ 5.52*
+1.96

Hyper 118 99.6 £3.12 132.0+5.83*
+2.44

HYPO = Hypothyroid rats(Treated with Carbimazole-2mg/100g
b.w), HYPER= Hyperthyroid rats (Treated with Levothyroxine
- 5ug/100g b.w).#= normal weight of animals (no Induction)

* indicates significant difference in weights. n=5 *P <0.05
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Figure 1:

Effect of Oral Administration of Honey on TSH Level of hypothyroid rats. Carbimazole (2mg/100g b.w) was administered to animals prior
to treatment with honey(1ml/100g b.w). TSH levels were assayed on the 14 and 28 days respectively following commencement of

administration of honey
HYPO = Hypothyroid rats

indicate significant increase when compared with normal rats treated with honey.

HYPO H = Hypothyroid rats treated with Honey.* - indicate significant increase compared to control —a-

*P<0.05 n=5
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Figure 2:

Effect of oral administration of honey on T; level of Hypothyroid rat. Carbimazole (2mg/100g b.w) was administered to animals prior to
treatment with honey(1ml/100g b.w). T3 levels were assayed on the 14 and 28 days respectively following commencement of administration
of honey HYPO = Hypothyroid rats  HYPO H = Hypothyroid rats treated with honey. *indicates significant decrease when compared
with control, indicates significant decrease when compared with normal rats treated with honey. *P <0.05 n=5
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Figure 3: Effect of oral administration honey on T, level of hypothyroid rats.

Carbimazole (2mg/100g b.w) was administered to animals prior to treatment with honey(1ml/100g b.w). T4 levels were assayed on
the 14 and 28 days respectively following commencement of administration of honey

HYPO = Hypothyroid rats  HYPO H= Hypothyroid rats treated with honey(1ml/100g b.w) *means significant decrease when compared
with control ® means significant decrease when compared with normal rats treated with honey. *P<0.05 n=5
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Figure 4:
Effect of oral administration of honey on TSH levels in hyperthyroid rats. Levothyroxine (5ug/100g b.w) was administered to animals prior
to treatment with honey(1ml/100g b.w). TSH levels were assayed on the 14 and 28 days respectively following commencement of
administration of honey. HYPER = Hyperthyroid rats. HYPER H = Hyperthyroid rats treated with honey(1ml/100g b.w). *means significant
difference when compared with control. —a- means significant difference when compared normal rats treated with honey
*P<0.05 n=5
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Figure 5:

Effect of oral administration of honey on T; levels in hyperthyroid rats. Levothyroxine (5ug/100g b.w) was administered to animals prior to
treatment with honey(1ml/100g b.w). T3 levels were assayed on the 14 and 28 days respectively following commencement of administration
of honey. HYPER = Hyprthyroid rats HYPER H = Hyperthyroid rats treated with honey(1ml/100g b.w) *means significant increase
when compared with control -a- means significant increase when compared with normal rats treated with honey.*P <005 n=5
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Figure 6: Effect of oral administration of honey on T, level in hyperthyroid rats
Levothyroxine (5ug/100g b.w) was administered to animals prior to treatment with honey(1ml/100g b.w). T4 levels were assayed on the 14
and 28 days respectively following commencement of administration of honey. HYPER = Hyperthyroid rats HYPER H =Hyperthyroid
rats treated with honey(1ml/100g b.w) * Indicates significant increase compared with control. - a- indicates significant increase compared
with normal rats treated with honey. * P <0.05 n=5

Similarly, oral administration of honey to the

Table 2: hyperthyroid group did not show any effect on the reduced
Effect of oral administration of honey on the lipid profile of TSH level (Figure 4), elevated T3 level (Figure 5) and
hypothyroid rats. increased T4 level (Figure 6). Interestingly, administration of
GROUPS CHOL TG LDL HDL honey to the hypothyroid group resulted in increased level of

(mg/ml)  (mg/ml) (mg/ml) (mg/ml)  HpL, though not significant (Table 2) but the same treatment

reduced significantly (p<0.05) the already elevated levels of

Control 42.52 85.07 35.12 21.70 CHOL, TG and LDL to values that were comparable to those
+5.62 +6.56 +3.80 +2.89 .

of control animals. On the contrary, honey treatment of the

'Nr(r)ergt]:é F\j\?ittsh f’ri'gg iggi ii'gg 29'451’3'0 hyperthyroid group resulted in significant (P<0.05) elevation

Honey - - - of the reduced CHOL and TG Ie_vels to values comparable to

control. The LDL level was still elevated but HDL levels

Hypo 89.08 159.60 80.16 2519 were within values obtained for control animals (Table 3).

+10.61 +16.73 +3.89 +3.78 Table 4 shows honey treatment of the hypothyroid rats. From

these results, it can be seen that SOD levels were

Hypo H 54.08 99.51 47.24 28.11 significantly (p<0.05) reduced compared with control while

+3.23* +9.49* +4.78* +3.73 MDA values were reduced to normal. Table 5 shows honey

HYPO H = Hypothyroid rats treated with honey(1ml/100g b.w).  treatment of the hyperthyroid animals. From these results,

HYPO = Hypothyroid; *indicates significant reduction (P<0.05) SOD levels of the animals increased significantly (p<0.05)

when compared with Hypothyroid group.; n=5 *P <0.05 compared to control while the MDA values reduced to
normal.
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Table 3:
Effect of oral administration of honey on the lipid profile of
hyperthyroid rats

GROUP CHOL(mg/m TG LDL HDL

S 1) (mg/ml) (mg/ml) (mg/ml)

Control  45.52+5.62 85.07+6.56 35.72+3.8 21.70+2.8

0 9
Normal  46.89+4.97 96.35+8.74  46.90+ 19.45+

Rats 4.97 3.05

Treated

With

Honey

Hyper 20.48+2.99 49.69+10.7 51.87+5.0 40.77+5.8
3 8 9

Hyper H  51.56+3.90* 68.30£3.74 51.35+3.8 26.40+2.8
* 9 6

HYPER H = Hyperthyroid rats treated with honey (1ml/100g b.w).
HYPER = Hyperthyroid rats; *indicates significant increase
(P<0.05) when compared with hyperthyroid group.; n=5 *P <
0.05

Table 4:
Effect of oral administration of honey on oxidative stress markers of
hypothyroid rats.

GROUP SOD MDA (nmol/l)
(specific activity/min)

Control 72.22+2.48 1.00e-6+3.37e-7

Honey 70.34+1.34 1.88e-06+8.56e-7

Hypo 42.45+2.10 2.26e-6+1.3%-7

Hypo H 40.22+2.20* 1.84e-6+6.06e-7

HYPO H = Hypothyroid rats treated with honey(1ml/100g b.w)
HYPO = Hypothyroid rats

*inditscates significant reduction (P < 0.05) when compared with
control values.n=5 *P <0.05

Table 5:
Effect of oral administration honey on oxidative stress markers of
hyperthyroid rats.

GROUP SOD (Specific MDA (nmol/l)
activity/min)

CONTROL 72.22+2.48 1.00e-6+3.37e-7

HONEY 70.34+1.34 1.88e-6+8.56e-7

HYPER 83.33£1.24 3.20e-6+1.16e-7

HYPER H 80.56+2.08* 1.14e-6+2.46e-7°

HYPER H = Hyperthyroid rats treated with honey(1mli/100g b.w).
HYPER = Hyperthyroid rats

*indicates significant increase P<0.05 when compared with control

? indicates significant reduction P<0.05 when compared with

hyperthyroid group

n=5 *P<0.05

DISCUSSION

The data obtained in this study reveal that treatment with
carbimazole, an antithyroid agent for 35 days induced
hypothyroidism while treatment with levothyroxine induced
hyperthyroidism as previously reported by Cooper, (2003).
The rise in TSH observed in carbimazole treated group and a
decrease in TSH in levothyroxine treated group could be due
to the negative feedback mechanism along the
hypothalamic-pituitary-thyroid axis as demonstrated by

Guyton and Hall, (2010). From this study, oral administration
of honey to the hyperthyroid and hypothyroid rats showed no
significant difference in the levels of thyroid hormones (T3,
T4 and TSH) assayed. The increase in weight observed in the
carbimazole treated group is consistent with previous studies
that reported increase in weight following induction of
hypothyroidism (Thrift et al., 1999). This weight gain has
been suggested to be due to decreased metabolic rate as a
result of reduced thyroid hormone secretion associated with
hypothyroidism and increased glucose storage (Fox et al.,
2008).  Levothyroxine- induced hyperthyroidism caused
significant weight loss in the rats. This has been attributed to
an increase in metabolic rate which is synonymous with
increased thyroid hormone secretion (Ayodeji et al., 2012).
The significant weight gain observed in levothyroxine treated
animals following oral administration of honey for 28 days
and which was comparable to the body weight in control
group could be as a result of long term (28 days) treatment
with honey which is a source glucose and this could result to
storage as glycogen and fat (Chepulis, 2007, Chepulis et al.,
2008). The hypercholesterolemia observed in the
hypothyroid group could be due to down regulation of LDL
receptors as a result of reduced thyroid hormone secretion
hence, the decrease in cholesterol uptake (Shin et al., 2003).
However, the mechanism by which honey mediates its anti-
hyperlipidemic effect on the hypothyroid group treated with
honey is yet to be elucidated.

The observed elevation of oxidative stress status in the
hyperthyroid group was most likely induced by the increased
thyroid hormone secretion as it occurs in hyperthyroidism
and this could be responsible for the increased activity of
superoxide dismutase as protective mechanism against
elevated oxidative stress status. Hypermetabolism expressed
in increased level of thyroid hormones is associated with
increased oxygen utilization, increased free radical
production and consequently measurable changes in
antioxidative factor which is reversed in hypothyroidism
(Paller, 1986, Mayer et al., 2004).

Also, an increase in the level of MDA in the

levothyroxine group suggested that oxidative damage arising
from increased level of reactive oxygen species (ROS) had
occurred in cellular structures including membranes and
other supramolecules. (Kehrer, 1993). The anti-oxidative
effect of honey observed in this study following oral
administration of honey to the hyperthyroid group could be
due to the presence of antioxidant compounds in honey.
Phenolic compounds are present in honey. The compounds
are well known to enhance free radical scavenging activity
and also reduce lipid peroxidation (Frankel et al., 1998).
In conclusion, the findings from this study show that oral
administration of honey reduced previously elevated levels
of cholesterol, triglyceride and low density lipoprotein in
hypothyroidism unlike in hyperthyroidism and this further
confirmed the antihyperlipidemic effect of honey. Honey
could therefore be wused in the management of
hypothyroidism.
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