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Background: Stress has different effects on the body and endocrine system.
Objectives: The main aim of this study is to determine the effects of immobilization stress and Aloe vera extract on levels of TSH, T3 or T4 
in male rats.
Materials and Methods: In this experimental study, 90 male Wistar rats were randomly divided into 9 groups of control, receiving 
normal saline, receiving Aloe vera extract, acutely immobilized (8 h/day immobilization for 8 days), chronically immobilized (2 h/day 
immobilization for 21 days) acutely immobilized receiving Aloe vera extract, chronically immobilized receiving Aloe vera extract, acutely 
immobilized receiving normal saline and chronically immobilized receiving normal saline (n = 10). Blood samples were collected using 
cardiac puncture method and hormone levels were measured by electrochemiluminescence (ECL) method. Data were statistically 
analyzed and compared among groups using ANOVA.
Results: Results showed that levels of T3 and T4 were significantly increased in rats enduring acute immobilization stress compared with 
animals in control group (P = 0.001). Serum T3 and T4 were significantly decreased in Aloe vera receiving rats compared with control 
group (P < 0.05 or P < 0.01, respectively). Level of T3 was significantly decreased in acutely immobilized rats receiving Aloe vera compared 
with control group (P = 0.001). Level of T3 and T4 levels were significantly decreased in chronically immobilized rats receiving Aloe vera 
compared with control group (P < 0.05).
Conclusions: The findings show that acute immobilization enhances levels of T3, T4 and TSH and the use of Aloe vera extract can prevent 
this kind of increase.
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1. Background
Immobilization is a kind of physiological stress which 

has two types of acute and chronic in different organisms 
and can have different effects on physiology of animals, 
including their growth, physiological function of hypo-
thalamus, pituitary, adrenal and thyroid glands, particu-
larly (1-8). On the other hand, thyroid is one of the most 
important endocrine glands which regulate various func-
tions in the body (9). Thyroxin (T4) and triodothyronine 
(T3) are thyroid hormones that regulate various activities 
in the body (10, 11). Any disruption in normal levels of thy-
roid hormones can cause physiological abnormalities (9). 
Although thyroid disorders are widespread these days (9), 
the function of thyroid axis on stress has less been stud-
ied (12) and there are not enough studies on the effect of 
stressful factors on secretion and metabolism of thyroid 
hormones, and the changes of these factors on the target 
organ (13). Moreover, research on the effects of plant ex-
tracts in the treatment of thyroid disorders is also little (9). 

There are many plants that have effects on thyroid hor-
mone concentrations in laboratory animals (14-17). One of 

the plants that have been studied a lot is Aloe vera. Aloe vera 
is from Liliaceae family with the Persian name “Aloe bitter” 
which grows mainly in dry areas and belongs to the Lily 
family. Research on Aloe vera and other plants of this fam-
ily show that the extracts from these plants have significant 
effects on various physiological functions such as improv-
ing heart functions, arthritic pain relief (18), glucose and 
cholesterol control (19), energy production, strengthening 
the immune system (20), curing ulcer and skin wounds, 
asthma, and digestive disorders (21, 22). There are some oth-
er studies showing the effect of Aloe vera on thyroid gland 
function (9, 23). Since in most cases, different stresses espe-
cially immobilization stress can influence thyroid function 
and Aloe vera have also effects on thyroid function (9, 23).

2. Objectives
This study is designed to evaluate the effects of immo-

bilization stress along with Aloe vera extract on male rats 
in order to examine the effect of Aloe vera on controlling 
or strengthening the effects of immobilization stress on 
thyroid gland function.
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3. Materials and Methods
In this experimental laboratory study, 90 Wistar male 

rats weighing 180 - 200 g were provided from Pasteur In-
stitute of Iran. The animals were kept under natural con-
ditions with a normal diet at temperature 22 ± 2°C and 
a photoperiod of 12 hours darkness and 12 hours light 
considering the beginning of the photoperiod from 8 
AM. The animals were given food and water unlimitedly. 
Instant food for rats was provided by Pars animal factory 
and all the other conditions were kept unchanged dur-
ing the study (24). All experiments were conducted based 
on ethics related to empirical tests on animals. Animals 
were randomly grouped and each member of the sample 
was numbered and was adapted to the host.

None of the animals under study suffered from any dis-
eases neither were they seen with any symptoms. Samples 
were randomly divided into 9 groups of control, receiv-
ing normal saline, receiving Aloe vera extract (orally at a 
dose of 625 mg/kg for 21 days), acutely immobilized (8 h/
day immobilization for 8 days), chronically immobilized 
(2 h/day immobilization for 21 days) acutely immobilized 
receiving Aloe vera extract, chronically immobilized re-
ceiving Aloe vera extract, acutely immobilized receiving 
normal saline, and chronically immobilized receiving 
normal saline (n = 10).

Aloe vera extract was administered through gavage. Brief-
ly, Aloe vera extract was prepared according to the slightly 
modified method used by Chitra et al. (21). Ripe leaves of 
the plant were purchased from Bou-Ali-Sina herbal garden 
in Hamedan. After washing and removing the outer green 
skin, transparent parenchyma of the plant was extracted 
and turned into a homogeneous mixture using a blender. 
Then the mixture was put in a centrifuge (3500 rpm) so 
that the fibers are separated. After centrifugation, the 
separated layer was diluted with water and a 20% solution 
was obtained. This obtained solution was kept at tempera-
ture 4°C. Acute immobilization stress, acute immobiliza-
tion receiving Aloe vera extract and acute immobilization 
stress receiving normal saline groups on the 8th day of the 
experiment and chronic immobilization stress, chronic 
immobilization receiving Aloe vera extract, chronic immo-
bilization receiving normal saline groups, a group receiv-
ing both Aloe vera extract and normal saline and control 
group on 20th day first were anesthetized by ether imme-
diately after the end of the experiment and blood samples 
were taken from the heart. The blood samples were im-
mediately centrifuged for 10 minutes at around 3500 rpm 
to collect the serum. Then levels of TSH, T3 and T4 were 
measured through electro-chemiluminescence method. 
Hormone measurement was conducted using assay kit 
“Immuno tech A, Bech man coucter/REF2121”. Since in the 
present study the only kind of stress was immobilization, 
a limiting system was used.

The limiting system was a special system used by Bou-
Ali-Sina University for its research activities. The system 
is designed so that without fastening the rat′s feet and 

hands it does not have any space to move. The device also 
has some vents for ventilation.

In acute immobilization stress lasting for 8 h/day for 
8 days, the animals had a 50 minutes immobilization 
stress and then a 10 minutes rest and feeding period and 
another 50 minutes immobilization stress to complete 
the 8 hours period. In chronic immobilization stress last-
ing for 2 hours every day for 21 days (2), the animals had a 
50 minutes immobilization stress and then a 10 minutes 
rest and feeding period and another 50 minutes immobi-
lization stress to complete the 8 hours period. 

First, Kolmogorov-Smirnov was used to ensure a normal 
distribution of data, and then the data were analyzed 
through SPSS-18 and one-way ANOVA. In variance analy-
sis, significance of differences between groups was deter-
mined using Fisher’s test.

4. Results
 Table 1 shows the levels of TSH, T3 and T4 in control 

groups, acute immobilization stress, and chronic immo-
bilization stress, acute immobilization receiving normal 
saline and chronic immobilization receiving normal sa-
line groups. Statistical analysis indicates that serum levels 
of T3 and T4 hormones in rats under acute immobiliza-
tion stress compared to control group were significantly 
increased (P = 0.01, P = 0.006, respectively), but there was 
no significant change compared to acute immobilization 
stress group receiving normal saline. On the other hand, 
there was no significant difference between hormone lev-
els of TSH, T3 and T4 in rats under chronic immobilization 
stress and control group or chronic immobilization stress 
receiving normal saline. There was also a significant in-
crease in serum levels of TSH, T3 and T4 in rats under acute 
immobilization stress receiving normal saline compared 
to control (respectively P = 0.015, P = 0.001, P = 0.006), but 
the serum levels of this hormone in rats under chronic 
immobilization compared to rats with chronic immobili-
zation receiving normal saline, do not show a significant 
difference. Additionally, the serum levels of TSH, T3 and T4 
in groups receiving Aloe vera, acute immobilization stress 
receiving the extract and chronic immobilization receiv-
ing the extract are shown in Table 2. 

As shown in Table 2, the serum levels of TSH, T3 and T4 
in group receiving normal saline compared with control 
group was not significantly different. However, except 
TSH, these hormones in the group receiving Aloe vera 
extract were significantly reduced comparing to control 
group (respectively P = 0.043 and P = 0.007). Moreover, 
in rats under acute immobilization receiving the extract 
compared to control group, serum level of T3 has been 
significantly reduced, but no significant difference was 
observed for serum levels of TSH and T4. There was also a 
significant decrease in serum T3 and T4 in chronic immo-
bilization group that receiving the extract compared to 
control group (respectively P = 0.021 and P = 0.012). Figures 
1 and 2 show changes in T3, T4 and TSH levels in different 
groups compared to each other and the control group.
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Table 1. Analysis of Data Hormone Concentrations of T3, T4 and TSH in Serum of Male Wistar Rats a,b

Indexes TSH (μg/dL) P Value T3 (μg/dL) P Value T4 (μg/dL) P Value

Control 0.01 ± 0.001 - 0.58 ± 73.2 - 3.65 ± 0.20 -

Acute immobilization stress + normal saline 0.014 ± 0.001 NS 82.92 ± 0.99 >0.01 5.20 ± 0.08 > 0.01

Chronic immobilization stress + normal saline 0.009 ± 0.001 NS 73.26 ± 0.40 NS 3.44 ± 0.05 NS

Acute immobilization stress 0.013 ± 0.001 NS 82.92 ± 0.58 > 0.001 5.28 ± 0.20 > 0.001

Chronic immobilization stress 0.01 ± 0.001 NS 73.26 ± 0.40 NS 3.69 ± 0.13 NS
a  Abbreviation: TSH, Thyroid-Stimulating Hormone; NS, not significant.
b  Data are presented as mean ± SD.

Table 2. Analysis of Data Hormone Concentration TSH, T3 and T4 in the Groups Receiving Extract Under Acute Immobilization and 
Chronic Immobilization Stress a, b

Indexes TSH (μg/dL) P Value T3 (μg/dL) P Value T4 (μg/dL) P Value

Receiving normal saline 0.01 ± 0.001 NS 0.32 ± 73.14 NS 3.48 ± 0.1 NS

Aloe vera extract 0.006 ± 0.001 NS 71.00 ± 0.7 > 0.05 2.84 ± 0.01 > 0.01

Acute immobilization + extract 0.013 ± 0.001 NS 0.6 ± 68.07 > 0.001 3.83 ± 0.27 NS

Chronic immobilization + extract 0.007 ± 0.001 NS 70.98 ± 0.7 > 0.05 2.67 ± 0.01 > 0.05
a  Abbreviation: TSH, Thyroid-Stimulating Hormone NS, not significant.
b  Data are presented as mean ± SD.

Figure 1. TSH Hormone Concentration in Rats
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Figure 2. T3, T4 Hormones Concentration in Rats
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5. Discussion

The results show that acute immobilization stress in-
crease serum levels of T3 and T4 and it has no effect on 
TSH. According to this study, chronic immobilization 
stress does not have any effect on serum level of TSH, T3 
and T4. At the other hand, this study shows that the ex-
tract of Aloe vera reduces the serum level of T3 and T4. 
Also immobilization stress along with oral administra-
tion of aqueous extract of Aloe vera reduces T3, however, 
this hormone in rats under acute immobilization stress 
receiving normal saline have been increased. 

Based on the results of this study, acute immobilization 
stress increases serum levels of T3 and T4 but it has no ef-
fect on TSH. In this regard, several studies show that hor-
mones are influential in formation of stress responses 
(25). There are different reports stating that stress leads 
to increase in release of catecholamines and glucocor-
ticoids by activities of sympathetic nerves of adrenal 
gland and hypothalamic-pituitary-adrenal axis (26, 27). 
It also increases release of excitatory amino acids in the 
brain (28). There are several studies showing that acute 
immobilization stress activate pituitary-thyroid system 
in rhesus monkeys (29). Other studies showed that acute 
immobilization stress increases the secretion of thyroid 
hormone (7, 13, 30) and there are also another study show-
ing that acute immobilization stress does not change 
serum level of TSH (4). Most of physiological stresses 
initially influence neurons aminergic and subsequently 
peptidergic neurons in cerebral cortex. Peptidergic neu-
rons send branches to hypothalamus and with impact 
on this system, production of TRH and TSH is increased 
and in return T3 and T4 thyroid hormones also increase 
(10). However, no increase in TSH has found in this study. 
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It seems that the effect of acute immobilization stress on 
concentration of thyroid hormones in serum is applied 
with influences on biological amines. In fact, it was ob-
served that the injection of prazosin (an alpha-adrenergic 
block) neutralize increasing effect of acute immobiliza-
tion stress (3). The changes in thyroid hormones during 
this study may not be enough that could not change TSH 
level. Another potential mechanism in explaining the in-
creased thyroid hormones can the changes in thyroxin 
binding globulin (TBG) (31). On the other hand, the find-
ings of this study also indicate that chronic immobiliza-
tion stress does not have any effect on the levels of TSH, 
T3 and T4. Aligned with these results, there are other 
studies that have reported long-time stress does not in-
fluence thyroid hormones (13). However, there are other 
studies that show thyroid hormone levels decrease dur-
ing chronic immobilization stress (7, 30). Other studies 
also argue that chronic immobilization stress decreases 
plasma levels of TSH and hypothalamic TRH mRNA lev-
els in young rats (32, 33). In justifying the lack of effect of 
chronic immobilization stress on levels of hormones T3, 
T4 and TSH, adaptation of rats with this stress (13) may 
fail in changing the activity of thyroid gland during the 
implementation of this type of stress. Another finding of 
this study suggests that the aqueous extract of Aloe vera 
decreases serum levels of T3 and T4. In line with these 
results, there are other studies that show this plant has 
decreasing effect on the levels of T3 and T4 (9, 23). Further 
investigation indicated that basil leaf extract reduces 
serum concentrations of T4 (33). Another study found 
that Betel leaf extract in the lowest dose increases con-
centrations of T3 but increases concentration of T4 and 
decreases T3 concentration at higher doses (34). In this 
regard, the extract may not have any effect on conversion 
of thyroid T4 to T3 since the serum levels of T3 and T4 has 
reduced simultaneously. The other finding of this study 
shows that acute immobilization stress along with oral 
administration of aqueous extract of Aloe vera reduces 
T3, while this hormone has been increased in rats under 
acute immobilization receiving normal saline. Thus it 
can be said that Aloe vera extract inhibits the increasing 
effect of acute immobilization stress on levels of thyroid. 
It should be noted that not measuring free hormones is 
considered as the limitation of this study.

To sum up, the results of this study show that acute 
immobilization is increasing role in thyroid hormone 
secretion. But extract Aloe vera can be in habited this in-
crease. This finding is clinically important and with more 
reviews in the field can be hoped that the use of these ex-
tracts in the treatment of hyperthyroidism.
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