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Abstract: The study aims to observe the impacts of thyroxine (T4) combined with donepezil (DON) on hippocampal 
ultrastructures and expressions of synaptotagmin-1 and SNAP-25 in adult rats with hypothyroidism. All rats were 
randomly divided into five groups: the normal control group (CON), the hypothyroidism group (Hypo), the T4 treat-
ment group (T4), the DON treatment group (DON) and the T4+DON combined treatment group (T4+DON). Technique 
of Electron Microscope (TEM) was used to observe the hippocampal ultrastructures of each group, Western blot 
and real-time RT-PCR were performed to analyze the protein and mRNA expressions of syt-1 and SNAP-25 in the 
hippocampus of each group. TEM revealed that the Hypo group exhibited the significant vacuolar degeneration of 
mitochondria in the hippocampal neurons, the free ribosomes were sparse, the synaptic structures were damaged, 
and the number of synaptic vesicles was reduced, the above injuries in the T4 or DON group were improved, and 
the performance of the T4+DON group was the most close to the CON group. From the protein and mRNA levels, the 
dorsal hippocampal syt-1 expression of the Hypo group was significantly reduced, while SNAP-25 was significantly 
increased, the expressions were partially recovered after the T4 treatment, and the T4+DON combined treatment 
made the expression return to normal. The adult hypothyroid rats exhibited pathological damages in the hippocam-
pal ultrastructures, the expression of syt-1 was downregulated, while that of SNAP-25 was upregulated, the T4+DON 
combined therapy could repair the above injuries, and the roles were better than the single drug treatment.
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Introduction

The thyroid hormones (THs) played an impor-
tant role in maintaining the normal structures 
and functions of central nervous system [1]. As 
the region closely related to cognition, emotion 
and other functions in the central nervous sys-
tem, the neurons in the hippocampus are the 
targets of THs, and there were plenty THs 
receptors inside [2]. The adult hypothyroidism 
could cause the damages of morphologies and 
functions in the hippocampus [3], and the 
mechanism might be involved in the neurons’ 
contact and synaptic plasticity, it was a com-
plex physiological process involved by a variety 
of synaptic proteins. The synapses were the 

basis for the information transmission among 
the neurons, the information transmission 
among the neurons were completed by the exo-
cytotically and quantally released neurotrans-
mitters from presynaptic vesicles. Synaptotag- 
min-1 (syt-1) and SNAP-25 (synaptosome-asso-
ciated protein of 25 kDa) were two important 
synaptic proteins, highly expressed inside the 
hippocampal neurons. syt-1 was a envelope 
protein of synaptic vesicle, mainly distributed 
on the surface of small synaptic vesicles and 
large dense vesicle in the brain. As the fast Ca2+ 
receptor, syt-1 could promote the integration of 
synaptic vesicles, thus playing an important 
role in regulating the simultaneous release of 
neurotransmitters [4]. SNAP-25 was a presyn-
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aptic plasma membrane protein, involved in the 
releasing process of Ca+ dependent neurotrans-
mitters, it could combine syntaxin and synapto-
brevin to form the core complex of stable 
SNARE (soluble N-ethylmaleimide-sensitive fa- 
ctor attachment protein receptor), so it was 
related with the plasticity of synapses [5]. Syt-1 
and SNAP-25 could interact with each other, 
thus jointly involving in the exocytosis and 
endocytosis process of synaptic vesicles, pro-
moting the release of neurotransmitters, and 
closely related to learning and memory [6, 7]. It 
had been shown adult hypothyroidism in could 
lead to the expression changes of such synap-
tic proteins as syt-1 and SNAP-25 [8].

Currently, the T4 alternative therapy was a con-
ventional means in treating hypothyroidism, 
which’s treatment standard was to recover the 
serum thyroid hormone level to normal, but it 
was still controversial whether it could fully 
recover the hypothyroidism-caused brain dam-
ages. Some studies had shown that the T4 
alternative therapy could fully recover the hypo-
thyroidism-caused impairments of cognitive 
functions and memory [9, 10]. Interestingly, 
certain clinical studies found that even per-
formed the sufficient amount of T4 alternative 
therapy, some hypothyroid patients still existed 
the cognitive impairments and depressive 
symptoms [11-13]. Our previous studies also 
reported that adult Hypo would affect the 
expressions of synaptic proteins inside the hip-
pocampus, while after gave regular doses of T4 
(5 μg/100 g body weight), and the serum T3 
and T4 levels were returned to normal, the dam-
ages of synaptic proteins failed to fully recover 
[8], suggesting that it was necessary to look for 
other more effective ways to treat hypothyroid-
ism-caused cognitive impairments.

Donepezil (DON) was a cholinesterase inhibitor, 
through combining with the cholinesterase, it 
could prevent the hydrolysis of acetylcholine in 
the brain, thus effectively improving the cogni-
tive and memory impairments [14, 15], and it 
might also have certain therapeutic effects 
towards hypothyroidism-caused hippocampal 
damages. In the present study, we investigated 
the ultrastructures of neurons and synapses in 
the hippocampus of adult Hypo rats, as well as 
the expression changes of syt-1 and SNAP-25, 
aiming to evaluate the impacts of combined 
T4+DON therapy towards the above outcome 
indicators.

Materials and methods

Preparation of animal models

60 healthy male SD rats, 3 months old, SPF 
grade, weighed 230-260 g, were purchased 
from the Experimental Animal Center of Anhui 
Medical University (Hefei, China). All rats were 
given the standard diet, while free to water, the 
temperature was controlled at 21-23°C, with 
the humidity as 50±5% and circadian balance. 
After adaptively fed for one week, the SD rats 
were randomly divided into five groups: the nor-
mal control group (CON), the hypothyroidism 
group (Hypo), the T4 treatment group (T4), the 
DON treatment group (DON) and the T4+DON 
combined treatment group (T4+DON), with 12 
rats in each group. The total modeling time was 
six weeks, the CON group was fed with normal 
water, while the other four groups were given 
0.05% (w/v) propylthiouracil (6-n-propyl-2-thio-
uracil, PTU; Sigma-Aldrich, St. Louis, MO, USA) 
every day. 4 weeks later, the T4 group was intra-
peritoneally injected T4 (Sigma-Aldrich, dis-
solved in saline, 6 μg/100 g body weight), the 
DON group added 0.005% DON (Sigma-Aldrich) 
into the drinking water, and the T4+DON group 
was performed the above administration simul-
taneously. Meanwhile, the rest three groups 
were injected the same amount of saline as the 
alternative. The total treatment time was two 
weeks, and the dosage was adjusted according 
to the rats’ weights weighed weekly.

Sample preparation

After weighed the body weight, the rat was 
intraperitoneally injected chloral hydrate (0.3 
ml/100 g body weight) and opened the abdomi-
nal cavity after anesthetized, the abdominal 
aortic blood was then sampled for the determi-
nation of serum T3 and T4 levels. The brain was 
then sampled on ice after the blood was sam-
pled, the hippocampal tissues of 4 rats of each 
group were sampled and in 4% paraformalde-
hyde solution for the TEM observation; the hip-
pocampal tissues of the rest 8 rats of each 
group were placed at -80°C, the left hippocam-
pus was used for Real-time RT-PCR, while the 
right hippocampus was performed the Western 
blot test.

T3 and T4 serum

The radioimmunoassay was performed to test 
the serum T3 and T4 levels with the radioim-
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munoassay kit (North Institute of Biological 
Technology, Beijing, China).

TEM observation

The tissues were cut into small pieces, about 1 
mm3, fixed with 2.5% glutaraldehyde at 4°C for 
4-6 h, then fixed with l% osmium tetroxide for 1 
h, after ethanol dehydration and epoxy resin 
(Epon812) embedding, the tissues were pre-
pared the ultrathin sections, and soaked in the 
uranyl acetate solution and the lead citrate 
solution for the staining, after rinsed conven-
tionally, the ultrastructures were observed and 
photographed with Nissan JEM-1230 TEM.

Western blot analysis

The total proteins were extracted from the dor-
sal hippocampus, and prepared as previously 
described [16]. In brief, the dorsal hippocampal 
tissues were placed in a glass homogenizer, 
added RIPA lysis buffer and PMSF, then homog-
enized on ice to extract the total proteins. The 
homogenate was then centrifuged at 15000 g 
and 4°C for 15 min, the supernatant was then 
determined the total protein concentration with 

added for 2-h incubation, followed by rinsing 
with 0.05% PBST solution for three times, 10 
min for each time, then the secondary antibody 
[1:100000, goat-anti-rabbit IgG-horseradish 
peroxidase (HRP), Abcam, USA] was added and 
incubated at room temperature for 1-2 h; rinsed 
the membrane with 0.05% PBST; finally, the 
enhanced chemiluminescence solution (ECL 
kit; Pierce Biotechnology, USA) was added and 
Fine-do X6 visualizer was used for the photo-
graphing (Tanon, Shanghai, China), the glyceral-
dehyde 3-phosphate dehydrogenase (GAP- 
DH) was used as the internal reference, the 
ratio of optical densities of the target protein 
and GAPDH was then calculated.

Total RNA extraction and real-time RT-PCR

The total RNA was extracted referring to the 
manual of TRI kit (Molecular Research Center, 
Cincinnati, USA). The RNA concentration was 
calculated by measuring the absorbance at 
260 nm and 280 nm. 1 ug RNA was then used 
for the synthesis of corresponding cDNA with 
the reverse transcriptase Avian Myeloblastosis 
Virus (AMV; Promega Corporation, USA). The 
synthesis of syt-1 and SNAP-25-specific prim-
ers (KangCheng, Shanghai, China) was shown 
in Table 1, the main processes were as follows: 
pre-denaturation at 95°C for 5 min; denatur-
ation at 95°C for 30 s, annealing at 60°C for 30 
s, extension at 72°C for 30 s, with a total of 30 
cycles. All reactions were carried out with the 
LightCycler® 480 instrument (Roche Diag- 
nostics GmbH, Mannheim, Germany). The com-
parative CT-method was used to determine the 
amount of target, and expression levels were 
normalized to GAPDH.

Results

Serum THs levels in rats

The serum radioimmunoassay test revealed 
that compared with the CON group, the mean 

Table 1. Oligonucleotide sequence of primers for 
RT-PCR

Genes Sequences Sizes 
(bp)

Syt-1 Forward: 5’-CTTGTCCCACACAATGCCACT-3’ 150
Reverse: 5’-AAGGACCGCAACTATGGCT-3’

SNAP-25 Forward: 5’-GTTGGATGAGCAAGGCGAAC-3’ 122
Reverse: 5’-ACACACAAAGCCCGCAGAAT-3’

GAPDH Forward: 5’-AGTGCCAGCCTCGTCTCATA-3’ 91
Reverse: 5’-GAGAAGGCAGCCCTGGTAAC-3’

the lorry method: after quantified, added 
2× loading buffer (1:1) into the sample, 
denaturated the proteins at 98°C for 10 
min, packaged and cryopreserved at -80°C; 
20 ug sample of each group was performed 
the SDS- polyacrylamide gel electrophore-
sis for 2.5 h, then transferred onto the 
membrane for overnight blocking with 5% 
skim milk. On the following day, the primary 
antibodies of syt-1 (1:1000, rabbit poly-
clonal, Abcam, USA), SNAP-25 (1:1000, rab-
bit polyclonal, Abcam, USA) and GAPDH (1:4 
000, rabbit monoclonal, Abcam, USA) were 

Table 2. Comparison of serum T3 and T4 
levels among the groups (_x±s)
Group n T3 (nmol/L) T4 (nmol/L)
CON 12 0.35±0.07 76.19±6.07
Hypo 12 0.19±0.05** 21.75±2.50**

T4 12 0.36±0.05 75.03±4.95
DON 12 0.18±0.07** 20.58±2.73**

T4+DON 12 0.37±0.10 74.50±4.81
CON, Control group; Hypo, hypothyroid group; T4, hy-
pothyroid rats treated with 5 µg T4/100 g body weight; 
DON, hypothyroid rats treated with 0.005% (w/v) DON in 
drinking water; T4+DON, hypothyroid rats treated with 5 
µg T4/100 g BW and 0.005% (w/v) DON in drinking wa-
ter. All data were presented as means ± S.E.M. **p<0.01 
vs. the Control group.
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T3 and T4 levels of the Hypo group and the DON 
group were significantly lower (P<0.0001); 
while those of the T4 group and the T4+DON 
group were close to the CON group (Table 2).

TEM observation neuronal changes

The neurons of the CON group exhibited smooth 
and intact nuclear membranes, with chroma-
tins evenly distributed; the mitochondria devel-

oped well, with clear internal ridge structures; 
the rough endoplasmic reticulum and ribo-
somes were rich (Figure 1A). The neurons of 
the Hypo group exhibited the margination of 
nuclear chromatins; a lot of mitochondria 
swelled, the cristae broke, the intimal area was 
reduced, and showed the significant vacuolar 
degeneration; the rough endoplasmic reticulum 
and ribosomes were obviously sparse (Figure 
1B). The neurons of the T4 group and the DON 

Figure 1. Ultrastructural obser-
vation of hippocampal neurons 
among the groups by TEM ×15 
000. A: CON group; B: Hypo 
group; C: T4 group; D: DON 
group; E: T4+DON group; ★: 
neuronal nuclei; ↑: mitochondria; 
Δ: rough endoplasmic reticulum 
or ribosomes.

Figure 2. Observation of hip-
pocampal synaptic ultrastruc-
tures of the groups by TEM ×40 
000. A: CON group; B: Hypo 
group; C: T4 group; D: DON 
group; E: T4+DON group; (▲): 
synaptic structure; (↑): synaptic 
vesicles.
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group exhibited clear nuclear membranes, 
while the organelles were relatively sparse, and 
a small amount of mitochondria exhibited the 
vacuolation, partial rough endoplasmic reticu-
lum was mildly dilated (Figure 1C, 1D). The mor-
phologies of neurons, mitochondria, rough 
endoplasmic reticulum and ribosomes of the 
T4+DON groups were similar to the CON group. 
(Figure 1E).

Synaptic changes

The structures of presynaptic membrane, syn-
aptic cleft and postsynaptic membrane of the 
CON group were clear, the specialized belt was 
obvious, the synaptic vesicles were rich, and 
exhibited clear and dense-core vesicles (Figure 
2A). While the presynaptic membrane and the 
postsynaptic membrane of the Hypo group 
were fused, the synaptic vesicles were signifi-
cantly reduced, and almost no clear-type syn-
aptic vesicles could be seen (Figure 2B). The 
presynaptic membrane and the postsynaptic 
membrane of the T4 group and the DON group 
were vague, the synaptic cleft was clear, while 
the number of clear-type synaptic vesicles was 

reduced (Figure 2C, 2D). The structures of 
three synaptic layers of the T4+DON group were 
relatively clear, the synaptic vesicles were rela-
tively rich, close to the situations of the CON 
group (Figure 2E).

Western blot analysis

The results of Western blot analysis (Figure 3) 
revealed that the protein expressions of syt-1 
and SNAP-25 were severely affected by the 
deficiency of THs. Compared with the CON 
group, the hippocampal syt-1 protein expres-
sion of the Hypo group was significantly reduced 
by 51.6% (P<0.0001), and those of the T4 
group and the DON group were reduced by 
19.9% and 30.0% (P=0.034 and 0.002), 
respectively, while that of the T4+DON group 
showed no difference with the CON group 
(P=0.901) (Figure 3A and 3C). Conversely, the 
expression of SNAP-25 protein of the Hypo 
group was significantly increased than the CON 
group by 56.8 % (P<0.0001), and only increased 
by 29.2% and 32.1% after the T4 and DON 
treatment (P=0.015, P=0.015), respectively, 
after the T4+DON treatment, the expression of 

Figure 3. Thyroxine and donepezil regulated the expression of syt-1 and SNAP-25 protein in the dorsal hippocampus 
of adult hypothyroid rats. A, B. Western blot analysis towards the expressions of syt-1 and SNAP-25 protein in the 
dorsal hippocampus of CON, Hypo, T4, DON, and T4+DON groups (n=8). C, D. Quantification analysis towards the 
relative protein levels in each group. The data were shown as mean ± SEM. CON, Control group; Hypo, hypothyroid 
group; T4, hypothyroid rats treated with 5 µg T4/100 g BW; DON, hypothyroid rats treated with 0.005% (w/v) DON in 
drinking water; T4+DON, hypothyroid rats treated with 5 µg T4/100 g BW and 0.005% (w/v) DON in drinking water. 
*P<0.05, **P<0.01 vs. the Control group.
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SNAP-25 protein was restored to the normal 
level (P=0.493) (Figure 3B and 3D).

Real-time RT-PCR

Real-time RT-PCR (Figure 4) was used to detect 
the relative mRNA expression of syt-1 and 
SNAP-25 in the dorsal hippocampus. The 
results showed that the mRNA level of syt-1 
was significantly decreased by 52.6% in the 
Hypo group (P=0.001), and decreased by 
31.0% and 37.3% in the T4 group and the DON 
group (P=0.043 and 0.016), respectively, while 
no significant difference was found in the 
T4+DON group than the CON group (P=0.714) 
(Figure 4A). As for SNAP-25, the mRNA levels 
were found increased in both the Hypo group 
and the DON group by 37.5% and 31.6% 
(P=0.012 and 0.031), respectively, and the 
amount was observed to be restored to the nor-
mal value in the T4 group (P=0.081) and the 
T4+DON group (P=0.394) (Figure 4B).

Discussion

Hippocampus was vulnerable to be damaged 
by hypothyroidism in the adult stage [3], our 
findings contributed new evidence that adult 
hypothyroidism was harmful for this organ. The 
mitochondria inside neurons exhibited swelling 
and degeneration, the rough endoplasmic retic-
ulum dilated, and the free ribosomes were obvi-

ously sparse. David found that the rough endo-
plasmic reticulum, Golgi complex and mito-
chondria in the neurons of hypothyroid rats 
were expanded, and the number of ribosomes 
was reduced [17]. There were also experiments 
that reported the frontal lobe, striatum and hip-
pocampal nerve mitochondria of hypothyroid 
rats exhibited damages under TEM [18, 19]. In 
addition, this study also observed that the syn-
apses exhibited the specialized-belt fusion, the 
structures became unclear, and the synaptic 
vesicles were reduced. Certain TEM results 
showed that some adult hypothyroid rats exhib-
ited the multi-systematic neuronal postsynap-
tic changes, degradation of dendric neurons 
and reduction of postsynaptic density in their 
brains [20, 21]; and in the newborn rats, the 
deficiency of THs would damage both the num-
bers and qualities of cerebellar synaptic tis-
sues [22]; certain animal experiment revealed 
that hypothyroidism delayed the growth of syn-
aptic membranes and the contents in neonatal 
rats [23]. Mitochondria and ribosomes were 
considered as the active sites towards the syn-
thesis of energy and proteins [17], the com-
plete synaptic morphology was the structural 
basis towards the information transferring 
among the neurons, thus the destruction of the 
above intraneuronal organelles and synaptic 
structures might cause the dysfunctions of 
multiple aspects such as energy metabolism 

Figure 4. Thyroxine and donepezil regulated the mRNA expressions of syt-1 and SNAP-25 in the dorsal hippocam-
pus of adult hypothyroid rats. Real-time RT-PCR analyzed the expressions of syt-1 (A) and SNAP-25 (B) mRNA in the 
dorsal hippocampus of CON, Hypo, T4, DON, and T4+DON groups (n=8). All data were presented as mean ± SEM. 
CON, Control group; Hypo, hypothyroid group; T4, hypothyroid rats treated with 5 µg T4/100 g BW; DON, hypothyroid 
rats treated with 0.005% (w/v) DON in drinking water; T4+DON, hypothyroid rats treated with 5 µg T4/100 g BW and 
0.005% (w/v) DON in drinking water. *P<0.05, **P<0.01 vs. Control group.
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and protein synthesis. Biochemical studies had 
indicated that the amounts of RNA and protein 
per cell had been altered in the CNS in hypothy-
roidism [24, 25]. In the present study, we 
explored the expression of syt-1 and SNAP-25 
protein in this condition.

Syt-1 and SNAP-25 were the synapse-associat-
ed proteins, and distributed on the surface of 
synaptic vesicles and presynaptic membranes. 
In this study, the results of immunoblotting 
method showed that, compared with the CON 
group, the expression of syt-1 protein in the 
Hypo group was reduced, so was the mRNA 
level. Wang reported the same results with our 
research, he found that in the cerebellum of 
rats with iodine deficiency and hypothyroidism, 
the syt-1 protein was downregulated [26]. 
Meanwhile, the results of this research showed 
that the expressions of SNAP-25 protein and 
mRNA were significantly increased. One animal 
experiment found that in rats with thyroid 
resection, the pituitary SNAP-25 protein expres-
sion was increased [27]. It was also reported 
that the expressions of SNAP 25 in the dorsal 
hippocampus, ventral hippocampus and pre-
frontal cortex of hypothyroid mice with mild 
cognitive impairment were increased [28], con-
sistent to our study. These results strongly sug-
gested that THs could regulate the protein syn-
thesis inside brain [29]. The expression differ-
ences of THs could change the expressions of 
thyroid hormone receptors, thus directly affect-
ing the expressions of the THs-targeting pro-
teins [30]. However, previous studies suggest-
ed the level of syt1 was increased in neonatal 
rat hippocampus [31]. Moreover, SNAP-25 
mRNA and protein levels were downregulated 
in the developing hypothyroid rat brain [32]. 
These different findings on synaptic proteins 
might be due to the different response to inad-
equate THs at different ages. Although syt-1 
and SNAP-25 were necessary during the neu-
rotransmitter releasing, our results showed 
that hypothyroidism in adult stage had different 
impacts towards the expressions of syt-1 and 
SNAP-25. Our previous studies also supported 
this finding [8]. However, the mechanisms that 
these synaptic proteins occurred different 
changes in hypothyroid still remained unclear. 
Syt-1 would bind the SNARE core complex, then 
interacted directly with SNAP-25, and jointly 
promoted the release of neurotransmitters, 
and participated the regulation of synaptic 
plasticities [7]. In adult hypothyroidism, the 

reduced expression of syt-1 might be caused by 
its much more dependence on presence of 
THs, whereas SNAP-25 might be compensato-
rily increased to enhance the vesicle exocyto-
sis. In addition, the increasing of SNAP-25 
might also be related to the THs deficiency-
caused calpain reduction in adulthood, which 
was the intracellular Ca+-dependent proteolytic 
enzyme, could cleave SNAP-25 while could not 
cleave syt-1 [33].

The T4 alternative therapy was the standard 
solution towards the hypothyroidism treatment. 
This experiment found that after given conven-
tional doses of T4 for 2 weeks, the adult Hypo 
rats exhibited recovery towards the damaged 
hippocampal neuronal mitochondria, rough 
endoplasmic reticulum, ribosomes and synap-
tic ultrastructures, the exppressions of syt-1 
and SNAP-25 were partially restored, but the 
protein level failed to return to normal. Although 
the thyroid hormone replacement seemed to 
reverse the hypothyroidism-induced impair-
ment of late-phase long-term potentiation, 
CREB protein, MAPKp44/42 protein and some 
hippocampal functions [10], there were still 
some conflicting reports regarding the abilities 
of T4 administration to remedy all of the hippo-
campal impairments produced by hypothyroid-
ism. Alzoubi found that even six-week T4 
replacement therapy failed to return the dec- 
reased PKCγ expression back to normal [34]. 
Montero found that the short-term THs therapy 
could restore some hippocampal functions, 
such as the classical conditioning, but the 
learning and memory-related synaptic plastici-
ties were not restored [35]. However, the exact 
mechanism underlying this remained elusive. 
Some study showed that the serum THs con-
centration was much higher than the concen-
tration in the central nervous system [36]. The 
phenomenon that the brain injury was not com-
pletely healed after the T4 treatment might be 
related to the fact that when the serum THs lev-
els returned normal, the intracerebullar hor-
mone dose was still insufficient. Our previous 
study found that, when given large-dose T4 
shock therapy to the adult hypothyroid rats, the 
hippocampal syt-1 and SNAP-25 proteins could 
restore to the normal levels, but hyperthyroid-
ism could be induced at the same time [8].

As for the T4+DON treatment group, the mor-
phological features in the hippocampal neuro-
nal mitochondria, rough endoplasmic reticu-
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lum, ribosomes and synaptic structure were 
similar to the CON group. In fact, after the sin-
gle DON treatment, the damages of hippocam-
pal neurons and synaptic ultrastructures of the 
hypothyroid rats recovered to some extent, sug-
gesting that DON could improve the hippocam-
pal damages induced by hypothyroidism. As 
one cholinesterase inhibitor, DON was mainly 
used to treat mild to moderate cognitive impair-
ment, and in recent years, it was confirmed the 
independent neuroprotective effects [37, 38]. 
The experiment showed that DON coud improve 
the streptozotocin-induced mitochondrial dys-
function [39], and could also prevent the hip-
pocampal mitochondrial damages in the trans-
genic model [15]; the long-term high-dose DON 
therapy could also increase the postsynaptic 
densities of dentate gyrus molecular layer in AD 
mice [40]; maintain the vertebral neuronal den-
dritic branches in aged rats, increase the total 
dendritic length and spine densities [41, 42]. 
Kotani found that DON could increase the con-
tact among neurons and synaptic connections 
[43]. In addition, this study also showed that 
after T4+DON treatment, the expression of 
syt-1 inside the synaptosomes returned to nor-
mal. Certain study showed that the expressions 
of core protein NR1 on the surface of presynap-
tic and postsynaptic glutamate receptors were 
reduced by DON [44]; DON was also reported to 
be able to induce the anti-inflammatory effects 
of acetylcholine, thus improving the hippocam-
pal synaptic protein expressions in Tau rats 
[45]; our previous immunohistochemical study 
found that DON was beneficial towards the 
damages of such synaptic proteins as munc18 
and syntaxin-1 induced by hypothyroidism [46]. 
The recovery of these synaptic proteins might 
also the reflect of DON’s nerve protective 
effects. There existed many mechanisms 
towards DON’s neuroprotective effects, some 
scholars believed that DON could confront the 
glutamate excitotoxicity by stimulating the α7 
nicotinic receptors and internalize the NMDA 
receptors [44]; some scholars believed that 
DON played its neuroprotective effects by acti-
vating the hippocampal nutrient receptors [47]; 
another research reported that DON could 
improve the GABA energy input towards the hip-
pocampal CA1 pyramidal neurons in aged rats, 
thus playing the neuroprotective effects [48].

In summary, adult hypothyroidism could cause 
the damages of hippocampal neurons and syn-

aptic ultrastructures, as well as the expression 
level changes of syt-1 and SNAP-25 mRNA and 
protein inside the synapses, after DON or T4 
treatment alone, the aforementioned damages 
were reversible, but the expressions of syt-1 
and SNAP-25 failed to return to normal. After 
the T4+DON treatment, the expressions of syt-1 
and SNAP-25 returned to normal, suggesting 
DON was valuable towards the hypothyroidism-
induced hippocampal damages.
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