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ABSTRACT

Objective: The objective of the present study was to evaluate the thyroid hormone stimulating efficacy of Acacia senegal (Gum Arabic) bark extract in 
6-n-propyl-2-thiouracil (PTU)-induced hypothyroid albino rats.

Methods: Ethanolic extract of A. senegal bark was given to PTU-induced hypothyroid albino rats at the dose of 500 mg/kg body weight. The animals 
were divided into control, PTU, and A. senegal bark extract treated and standard drug Eltroxin-treated groups for 60-day experimentation. The serum 
thyroxin levels, organ’s weight, and serum biochemistry were carried out.

Results: Oral administration of A. senegal bark extract caused a highly significant increase (p≤0.001) in serum triiodothyronine (T3) and 
tetraiodothyronine (T4), and significant changes were also observed in organ’s weight with biochemical parameters as compared to hypothyroid 
albino rats and results were approximate to the standard drug Eltroxin.

Conclusion: These results evaluate that ethanolic extract of A. senegal bark helps to compensate or increases the serum thyroxin level in management 
of hypothyroidism.
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INTRODUCTION

Hypothyroidism is a worldwide issue which affects more women than 
men. It is not only caused by cluster of iodine deficiencies but also due 
to the insufficient level of thyroid-stimulating hormone (TSH) which 
yield low triiodothyronine (T3) and tetraiodothyronine (T4) hormone 
production resulting in mental and physical growth retardation [1]. 
In India, approximately 42 million people suffer from thyroid disease. 
Hypothyroidism is clear state of myxedema which may lead to 
multisystem failure or subclinical condition [2]. Hypothyroidism is 
identified by evaluating the thyroid hormone level in the blood and 
treated by a synthetic thyroid hormone. The Third National Health 
and Nutrition Examination Survey III stated that there is about 
4.6% prevalence of hypothyroidism. It may extend from mild or 
subclinical to overt hypothyroidism. Hypothyroidism is categorized 
on the basis of occurrence with time as congenital or acquired, and 
according to the level of endocrine dysfunction as primary or central 
hypothyroidism. When the thyroid gland does not function properly, 
the level of serum TSH starts to elevate and this elevation is indicative 
of hypothyroidism. Mild thyroid failure or subclinical hypothyroidism 
is recognized with increased level of serum TSH in the blood, but the 
level of serum tetraiodothyronine (T4) and triiodothyronine (T3) 
remains normal or decreased [3]. Hypothyroidism has a number 
of signs and symptoms such as depression, anxious mood, weight 
gain, and poor ability to concentrate [4]. It is also the most common 
thyroid hormone metabolic disorder which occurs during pregnancy 
and causes congenital hypothyroidism that affects the growth of 
children [5].

At present, the necessity of plants in the remedy of diseases is 
rising like “back to nature” as a substitute for synthetic drugs which 
may be detrimental than the disease itself [6] as well as the long-
term use of synthetic drugs may cause many other side effects. 
On the other hand, there are many plant products suggested by 
Ayurveda to cure diseases without any side effects. Thus, there is 

a need to develop a new plant drug with less or no side effects and 
approachable for patients which can helps to cure hypothyroidism. 
Acacia senegal L. (Fabaceae) tree, commonly known as Gum Arabic, 
Kumath, and Rfaudraksha, is found in drought or arid regions 
of the Thar Desert. Its bark, seed, leaves, fruit, and gum contain 
polyphenols, flavonoids, tannins, saponins, and alkaloids [7]. It 
was also reported that A. senegal bark contains antioxidants and 
used to treat bedsores and wounds [8], antimicrobial, anti-Fasciola 
activity [9], and also antidiabetic property [10], but its effect on 
thyroid hormone is still not known properly. Keeping these things in 
context, the present analysis copes with the impact of A. senegal bark 
extract on 6-n-propyl-2-thiouracil (PTU)-induced hypothyroidism in 
albino rats as a working model, if any. Serum T3 and T4 levels were 
analyzed with serum biochemistry.

METHODS

Extraction of plant material
A. senegal bark was taken from the area of Jai Narain Vyas University, 
Jodhpur, Rajasthan State, India, and authenticated by the Department of 
Botany, JNVU, Jodhpur. The bark was ground to powder and extracted in 
70% ethanol for 24–36 h by Soxhlet extraction method. Then, ethanol 
was separated under reduced pressure to obtain a brownish crude 
residue which was dissolved in distilled water and orally administered 
to the animals.

Model animals
Healthy adult albino rats, Rattus norvegicus of Sprague Dawley strain, 
weighing about 150–250 g were used as working model. Animals were 
kept in polypropylene cages measuring 12”×10”×8” under controlled 
temperature (24±1°C), humidity at 40–60% with 12:12  h light and 
dark cycle. Animals were fed a balanced diet of soaked wheat and 
palates supplemented with multivitamins and water ad libitum. The 
Institutional Animal Ethical Committee approved the protocol (IAEC, 
Reg. No. 1646/GO/Re/12/CPCSEA).
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Experimentation
Induction of hypothyroidism
Rats were induced hypothyroidism by giving oral administration of PTU 
at the dose of 10 mg/kg body weight orally for 30 days.

Experimental design
The experimental period comprised 60  days and healthy rats were 
divided into four groups (n=5):
•	 Group 1: Animals of Group 1 receiving the vehicle, distilled water, 

served as control for 60 days.
•	 Group 2: Animals of Group 2 received PTU (10 mg/kg body weight) 

orally for 30 days to induce hypothyroidism.
•	 Group 3: Animals of Group 3, previously receiving PTU for 30 days 

followed by A. senegal bark extract (500 mg/kg body weight) for next 
30 days of treatment period.

•	 Group 4: Animals of Group 4, previously receiving PTU for 30 days 
followed by Eltroxin (0.5 µg/100 g body weight), respectively, for 
next 30 days of treatment period.

Analysis of serum thyroxin hormone
After completion of 60 days of the experiment, overnight fasting animals 
were sacrificed under ether anesthesia and blood sample was collected 
by direct cardiac puncture. Serum was separated by centrifugation 
and stored at −200°C until analyzed for biochemical assessments. 
Serum T3 and T4 were analyzed using Biochemistry analyzer RX-50 and 
commercial diagnostic kit.

Analysis of biochemical parameters
Biochemical parameters such as blood sugar, urea, uric acid, serum 
creatinine, cholesterol, serum glutamic-oxaloacetic transaminase 

(S.G.O.T), serum glutamic pyruvic transaminase (S.G.P.T), alkaline 
phosphate, and total protein were analyzed using Biochemistry 
analyzer RX-50 and commercial diagnostic kit.

Analysis of organ’s weight
Vital organs such as thyroid, kidney, and heart were removed, cleared 
of fat and connective tissues. Each organ was weighed separately on 
electronic balance (ANAMED) to the nearest fraction.

Statistical analysis
Values of all biochemical parameters were expressed in terms of 
mean ± standard error of mean and statistical analysis was done using 
one-way analysis of variance followed by Turkey’s test using GraphPad 
Prism 7.0 software. The graphical representations were made using MS 
Excel 2013.

RESULTS

Effect on serum T3 and T4 levels
PTU induction in rats caused a significant decrease (p≤0.001) in total 
serum T3 and T4 when compared to the control group. The acacia 
bark-treated group found a non-significant change in T3 and significant 
(p≤0.01) change in T4 and Eltroxin found significant (p≤0.001) 
change in T3 and significant (p≤0.01) change in T4 when compare to 
control. A significant elevation (p≤0.001) in T3 and T4 found in acacia 
bark-treated group while significant elevation (p≤0.01) in T3 and highly 
significant (p≤0.001) elevation found in T4 of standard drug Eltroxin-
treated group when compared to PTU-treated group (Figs. 1 and 2).

Effect on organ’s weight
Changes in organ’s weight of animals were studied to compare it with 
control and other treatment groups of 60-day experiment. Highly 
significant (p≤0.001) change in weight of thyroid and non-significant 
changes found in the heart and kidney of PTU-induced group when 
compared to control. When acacia bark-treated group compared 
with control, the weight of the thyroid showed significant (p≤0.01) 
change and non-significant changes found in weight of heart and 

Fig. 1: Effect of Acacia senegal bark extract on serum T3 (ng/dl) 
compare to other treatment groups (mean of 5 values±standard 

error of mean)

Fig. 2: Effect of Acacia senegal bark extract on serum T4 (mcg/dl) 
compare to other treatment groups (mean of 5 values±standard 

error of mean)

Fig. 3: Changes in weight of thyroid of intact control under 
various experimental conditions of 60-day treatment (mean of 5 

values±standard error of mean)

Fig. 4: Changes in weight of heart and kidney of intact control 
under various experimental conditions of 60-day treatment 

(mean of 5 values±standard error of mean)
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kidney. Thyroid, heart, and kidney weights were found non-significant 
change in Eltroxin-treated group. Compared with PTU-treated group, 
acacia bark treatment group showed significant (p≤0.001) change 
in weight of thyroid, non-significant changes in weight of heart and 
kidney. A  significant (p≤0.001) change in thyroid, non-significant 
change in heart, but significant (p≤0.01) change found in kidney of 
Eltroxin-treated group compared to PTU-treated group (Figs. 3 and 4).

Effect on biochemical parameters
Administration of PTU in rats caused significant changes in biochemical 
parameters when compared to the control group. The treatment 
of A. senegal bark extract caused significant reduction by 15.76% 
(blood sugar), 31.53% (blood urea), 26.08% (serum creatinine), 
76.41% (uric acid), 89% (S.G.O.T.), and 92.97% (S.G.P.T.) and elevation 
by 60.09% (cholesterol), 42.22% (alkaline phosphate), and 49.54% 
(serum total protein), whereas there was significant increase found 
in standard drug Eltroxin-treated group by 30.40% (blood sugar), 
186.98% (serum alkaline phosphatase), and 49.54% (serum total 
protein) but significant reduction by 42.71% (blood urea), 17.39% 
(serum creatinine), 79.55% (serum uric acid), 15.68% (cholesterol), 
88.57% (S.G.O.T.), and 94.43% (S.G.P.T.) compared to PTU-treated 
group (Table 1).

DISCUSSION

In the present study, Albino rats (R. norvegicus) of Sprague 
Dawley strain were used and hypothyroidism was induced by the 
administration of PTU followed by the treatment of both Eltroxin and 
A. senegal bark extract. Induction of PTU decreases the level of both 
serum triiodothyronine (T3) and tetraiodothyronine (T4) consequently 
causing thyroid hypertrophy as reported previously [11]. PTU influences 
the oxidation of iodine, obstructs the process of deiodination of tyrosyl 
residue and their coupling hormone formation [12], hence, inhibits the 
conversion of T4 to T3 [13], and it was also found in this investigation. 
Levothyroxine is recommended to hypothyroid patients regarding their 
health status such as age, weight, cardiovascular diseases, and duration 
of hypothyroidism [14]. Commercial drug Eltroxin (common name 
levothyroxine) was used in this experiment to treat hypothyroidism 
as it suppresses the serum TSH concentration [15] and increases the 
level of T3 and T4 which shows similarity with previous studies done 
by Woeber [16] and with our study also. The level of T3 and T4 after 
administration of A. senegal bark extract in PTU-induced hypothyroid 
animals was near about to intact control group which points out the 
efficacy of plant drug. PTU-treated hypothyroid animals following 
A. senegal bark extract and Eltroxin treatment groups showed changes 
consequently in thyroid, heart, and kidney weight. A. senegal bark 
extract showed thyroid-stimulating activity which might be an outcome 
that it affects 5’-monodeiodinase enzyme which converts T4 into T3, the 
main origin of T3 production as suggested by earlier study [17]. It is 
observed that many other plant extracts have been reported to exhibit 
thyroid-stimulating activity [18-22]. A. senegal bark extract improves 
the changed serum biochemistry of PTU-induced hypothyroid animals 
which is also supported by previous study of Batra et al. [10], who 
demonstrated that A. senegal bark extract ameliorates the blood 
glucose level, urea, and creatinine. The extract also showed decreased 
level of hepatic enzyme activity in comparison to the hypothyroid rats 
which might be the result of glycosides, flavonoids, and triterpenes, and 
a phenolic compound presents in a plant that shows hepatoprotective 
activity [23]. It was observed by Seif et al. that A. senegal extract lowered 
the hepatic markers, reinstates the activities of enzymes to normal [24], 
and thus ratifies the potency of this extract to reduce the complexity 
of biochemical parameters which were found in hypothyroid animals. 
A. senegal bark contains some tannin, saponins, and sterols like active 
phytochemicals which have antibacterial activity [25]. The activity 
of A. senegal bark extract to stimulate thyroid hormone might be an 
outcome of plant-derived active components. These active components 
are used as hormone replacement therapy which affects the 
feedback mechanism, biosynthesis, secretion, metabolism, transport, 
distribution, and action of thyroid hormone [26]. Thus, this study put 
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forward that A. senegal bark extract can be used to cure hypothyroidism 
without any side effects.

CONCLUSION

The present study concludes that the activity of A. senegal bark extract 
is just like Eltroxin which is beneficial to treat hypothyroidism, and it 
has thyroid hormone stimulating activity which increases the serum T3 
and T4 levels.
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