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ABSTRACT

Galantamine hydrobromide, an FDA-approved drug for Alzheimer’s, has recently revealed anti-
inflammatory, antioxidant and antiapoptotic effects that can be subjected for further indications
other that neurodegenerative diseases. Despite of lithium carbonate’s effectiveness in psychiatry, it
has multiple organ toxic effects and thyroid dysfunction is one of the most prevalent adverse
effects of lithium therapy, however, the precise etiology is still ambiguous. The purpose of this
study was to evaluate the possible prophylactic antioxidant, anti-inflammatory and antiapoptotic
effects of galantamine hydrobromide, alone or in combination with vitamin E against lithium
induced thyroid dysfunction in rats. This experiment was performed on 40 male Wistar albino rats
divided randomly into 5 groups. Group 1 was control group. Group 2 received lithium alone. Group
3 received lithium and galantamine hydrobromide. Group 4 received lithium and vitamin E. Group 5
received lithium, galantamine hydrobromide and vitamin E. Blood was collected to evaluate thyroid
function (triiodothyronine T3, thyroxin T4, thyroid stimulating hormones (TSH levels), and assess
levels of total antioxidant capacity (TAC), Malondialdehyde (MDA), and tumor necrosis factor alpha
(TNFa). Then, both lobes of thyroid glands were dissected and processed for histopathological
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changes and immunohistochemical expression of (Caspase-3). The results of the study showed
that combined treatment of galantamine hydrobromide and vitamin E provide marked prophylactic
anti-inflammatory, antioxidant and anti-apoptotic effects against lithium induced thyroid toxicity.
However, galantamine alone was more effective than vitamin E.

Keywords: Lithium carbonate; galantamine hydrobromide; vitamin E; thyroid dysfunction; a-7

nicotinic receptor.
1. INTRODUCTION

Galantamine hydrobromide (GB) ,a tertiary
alkaloid, is a selective, reversible, competitive
inhibitor of Acetyl choline esterase enzyme
(AChE) that is a drug of choice in USA for
treatment of Alzheimer's disease [1,2]. Many
studies have been conducted on GB showing
significant anti-inflammatory, anti-apoptotic and
antioxidant effects [2,3]. The anti-inflammatory
effect of GB is due to inhibition of ACh
degradation and the agonist effect of cholinergic
nicotinic receptor alpha7 subunit (a7nAChRSs)
that has crucial anti-inflammatory pathway [4].
The antiapoptotic mechanism of galantamine
seems to be related as well to a7nAChRs which
in turn could activate the synthesis of anti-
apoptotic proteins such as Bcl-2 and Bcl-XL [5].
While, GB radical scavenging effect is related to
its enol group [6].

Lithium (Li) is one of the most effective
medication in psychiatry, as it is not only for
symptomatic treatment, but also for a disease-
modifying effect [7,8]. One of the main causes of
low adherence to Li therapy is its major side
effect and organ toxicity since it has a low
therapeutic index [9]. Thyroid gland is one of the
main organ that is seriously affected by Li
therapy [10]. Nearly up to 52% of patients on
long-term  Li treatment develop thyroid
dysfunction either hypo or rarely hyperthyroidism
[11]. Notably, Li-associated hypothyroidism
seems reversible in most patients once Li has
been discontinued, however, some cases have
reported irreversible damage [12]. The most
important clinical rule to bear in mind is that
hypothyroidism never justifies Li discontinuation
[13]. L-thyroxine is one of the main options for
hormone replacement therapy for Li-induced
hypothyroidism.

The exact mechanism of Li induced thyroid
dysfunction induced is still unclear, however
many theories were suggested to clarify the
exact etiology and they agreed that it is mainly
dose dependent [14], yet, it is still controversial if
the risk of this dysfunction is time-dependent or

not [7,15]. Li concentrates in thyroid against a
concentration gradient, [16] altering iodine
uptake, iodine organification, thyroid hormone
release and metabolism resulting in disruption of
thyroid function [17,18]. Other researchers
[19,20,21] suggested that Li effect on thyroid is
provoked through multiple pathological factors
such as releasing of inflammatory mediators and
free radicals [22], increasing of lipid peroxidation,
DNA damage and mutation, and inducing
apoptosis [20].

Vitamin E (a-tocopherol), a fat-soluble vitamin, is
advocated to be the first line of defense for cell
membrane against oxidative stress [23]. Vitamin
E has different potent antioxidants forms, they
donate hydrogen from their phenolic group to
scavenge lipid peroxyl radicals [24]. a-tocopherol
strength point as a highly efficient antioxidant is
that it executes its action extremely fast, before
the peroxyl radicals can do any harm or other
reactions [25,26]. In this study, we investigate the
protective effect of galantamine hydrobromide
through its anti-inflammatory, antioxidant and
anti-apoptotic effects and vitamin E as adjuvant.

2. MATERIALS AND METHODS:
2.1 Drugs and Chemicals

Lithium carbonate (Prianil CR) 400 mg/tablet a
product from the Nile Company for
Pharmaceuticals and Chemical Industries, Cairo,
Egypt. Galantamine hydrobromide (Famalzyl)
8mg/tablet a product from October Pharma
Company for Pharmaceuticals and Chemical
Industries, Giza, Egypt. Vitamin E 50gm water
soluble powder was purchased from Nutrics®
Superfood LTD, United Kingdom.

2.2 Experimental Design

The experiment was performed on 40 male
Wistar albino rats weighing 120-200 g. in animal
laboratory room rats were in wire mesh cages
under restrict hygienic measures and had access
to standard animal diet and water ad libitum. All
rats were housed under SPF conditions at 24°C—
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26°C with 55%-75% humidity and a 12-h
light/dark cycle. The animals were allowed for
acclimatization for 2 weeks and divided randomly
into 5 equal groups:

» Group 1 (control group n=8): rats
received distilled water daily by oral
gavage for 4 weeks.

» Group 2 (Li treated group n=8):. rats
received Li in a dose of 30mg/kg/day by
oral gavage for 4 weeks [19].

» Group 3 (GB treated group n=8): rats
received Li as mentioned in group 2 and
received GB in a dose of 5 mg/kg/day by
oral gavage two hours before lithium for 4
weeks [27.

» Group 4 (Vit E treated group n=8): rats
received Li as described in group 2 and
received vitamin E in a dose of 100
mg/kg/day by oral gavage two hours
before lithium for 4 weeks [28.

» Group 5 (combined treated group n=8):
rats treated by Li GB and Vit E in the same
dosage regimen mentioned above by oral
gavage.

2.3 Biochemical Assays

All  biochemical assays were performed in
Medical Pharmacology Department Laboratory,
Faculty of Medicine, Tanta University.

2.3.1 Assay of serum hormonal levels Serum

Hormonal assay was to determine serum thyroid
stimulating hormone (TSH), serum
triiodothyronine (T3), and tetra-iodothyronin (T4)
using rat ELISA kits provided MyBioSource, Inc
San Diego, USA (Cat No. MBS261285) (Cat No.
MBS261867) (Cat No. MBS701641) respectively
following the manufacturer’s protocol.

2.3.2 Assay of serum Tumor Necrosis Factor
o (TNFa)

TNF-a was measured in serum by rat ELISA kit
obtained from SunRed Biotechnology (Cat. No
DZE201110765) following the manufacture's
protocol.

2.3.3 Assay of oxidative stress and

antioxidant defense system

Lipid peroxidation content was assayed serum by
measurement of malondialdehyde (MDA) using
rat kit from Biodiagnostic Company Tahreer St.,
Dokki, Giza, Egypt; (Cat. No MD 2529) according
to the method described by Ohkawa et al. [29].
While total antioxidant capacity was detected in

serum using rat kit from Biodiagnostic Company;
Tahreer St., Dokki, Giza, Egypt (Cat. No TA 25
13) according to the method described by
Koracevic et al. [30].

2.4 Histopathological Evaluation

Both thyroid lobes were separated and fixed in
10% formol saline solution for 24 hours, then
samples were dried and later the specimens
were cleared twice in xylol for 30 minutes each
time [31]. The tissue was soaked for 2 hours in
soft paraffin for at 600C then fixed in hard
paraffin. Finally, specimens were sectioned at 4—
5 micron thickness with a microtome then stained
with hematoxylin and eosin (H&E) and examined
by light microscope for histopathological changes
[32].

2.5 Immunohistochemical Study

Other thyroid gland sections were fixed for
immunohistochemical study on  positively
charged slides to assess the reactivity of the
thyroid tissue to the antibody of caspase-3.
Caspase-3  immunoreactivity appears as
brownish cytoplasmic discoloration using the
avidin  biotin-peroxidase complex technique
described by [33] and the anti-rat caspase-3
antibody kit was purchased from MASTER
DIAGNOSTICA, Granada, Spain.

2.6 Statistical Analysis

All obtained data from biochemical assays and
morphometrics of this study were tabulated and
statistically analyzed using Graph Pad Prism
software 8.0.1 (GraphPad Software, San Diego,
CA 92108). Shapiro-Wilk test for normality was
performed. Data were analyzed for normality of
distributions and subjected to One-Way ANOVA
followed by Post-hoc Tukey” multiple comparison
test. Data were represented as mean + standard
error of mean (SEM). The significance was
considered at values of P<0.05.

3. RESULTS
3.1 Biochemical Results

3.1.1 Galantamine hydrobromide alone and
when combined with Vit E improve
serum hormonal levels of lithium-
treated rats

The different effects on hormonal assay are
represented in (Fig. 1 a,b,c). Li treated group has
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demonstrated a significant decrease in serum T3
and T4 (P<0.05 for each) as compared to control
group. On the other hand, serum TSH exhibited
a different pattern where its level was
significantly increased in Li treated group as
compared to control group (P<0.05). While
concurrent administration of GB alone and
combined with Vit E along with lithium
significantly (P< 0.01, P<0.001 respectively)
increased T3 and T4 levels and significant
decrease in TSH serum levels as compared to Li

which was more significant in combined treated
group. While Vit E treated group has presented a
non-significant change in all hormonal levels
when compared to Li treated group (P>0.05).

3.1.2 Galantamine hydrobromide reduces
inflammation in lithium-administered
rats

Considering the mean serum level of TNF-a, Li
treated group exhibited a significant elevation

treated group (P< 0.01, P<0.001 respectively) when compared to those of control rats
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Fig. (1.a). T3 serum levels (ng/ml). Fig. (1.b). T4 serum levels (nmol/L). Fig. (1.c). TSH serum
levels (nIU/mI)
*: Significant difference from group 1 (Normal control) at p value <0.05.
a: Significant difference from group 2 (Li) at p value <0.05.
b: Significant difference from Group 3 (GB) at p value <0.05.
c: Significant difference from group 4 (Vit E) at p value <0.05.
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(P< 0.05). While there was significant decrease
in TNF-a serum levels in both GB and combined
treated group when compared to the Li treated
group (P<0.05) with no significant difference
between those two groups when compared to
each other. However, Vit E treated rats showed
no significant difference in TNF-a level when
compared to Li treated rats (P>0.05) (Fig. 2).

3.1.3 Galantamine hydrobromide and Vit E
attenuates oxidative stress in lithium
treated rats

Li-treated group revealed significant increase in
lipid peroxidation marker MDA as compared to
control group (P<0.05). While concomitant
treatment of GB and Vit E each alone and in
combination exhibited significant decrease in
MDA serum levels (P<0.01, P0.001, P<0.001
respectively) (Fig. 3).

Conversely, total antioxidant capacity (TAC)
serum level has shown significant decrease in Li
treated group as compared to control group
(P<0.05). While all treated groups (3,4,5) have
indicated significant increase in TAC serum level
as compared to Li treated group (P<0.01,
P<0.001, P<0.001 respectively) (Fig. 4).

Contemplating that Vit E treated group showed
more significant decrease in MDA and increase
in TAC than Galantamine treated group, while

3.2 Morphometrical Results

3.2.1 Hematoxylin and eosin-stained thyroid
sections (Fig. 5)

3.2.1.1 Group 1 (control group)

H&E-stained sections of the thyroid gland
showed that it consisted of variable- sized
follicles with simple cuboidal epithelial cells lining
and central lumen, which were filled with
homogeneous acidophilic colloid (Fig. 5a).

3.2.1.2 Group 2 (Li treated group)

H&E-stained sections revealed distortion of the
normal architecture of the thyroid follicles. Most
follicles were lined with follicular cells with
vacuolated cytoplasm and desquamated
epithelial cells in their lumen. Some follicles were
empty (with no colloid), while others had partially
shrunken colloid. Congested blood vessels and
interstitial bleeding in between the follicles were
observed (Fig. 5b).

3.2.1.3 Group 3 (GB treated group)

Sections showed some normal follicles, but some
follicles were disrupted with vacuolated colloid.
Marked thinning of the follicular basement
membrane of some follicles and disruption of the
basement membrane of another follicle were
observed (Fig.5¢).
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Fig. 2. TNFa serum levels (ng/L)
*: Significant difference from group 1 (Normal control) at p value <0.05
a: Significant difference from group 2 (Li) at p value <0.05
b: Significant difference from Group 3 (GB) at p value <0.05
c: Significant difference from group 4 (Vit E) at p value <0.05
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Fig. 3. MDA serum levels (hmol/ml)
*: Significant difference from group 1 (Normal control) at p value <0.05
a: Significant difference from group 2 (Li) at p value <0.05
b: Significant difference from Group 3 (GB) at p value <0.05
c: Significant difference from group 4 (Vit E) at p value <0.05
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Fig. 4. TAC serum levels (mM/L)
*: Significant difference from group 1 (Normal control) at p value <0.05
a: Significant difference from group 2 (Li) at p value <0.05
b: Significant difference from Group 3 (GB) at p value <0.05
c¢: Significant difference from group 4 (Vit E) at p value <0.05

3.2.1.4 Group 4 (Vit E treated group)

Sections showed few apparent
normal follicles. Some follicles had
vacuolated cytoplasm while others had
vacuolated colloid. Interstitial bleeding in

between thyroid follicles was also observed (Fig.
5d).

3.2.1.5 Group 5 (combined treated group)

Sections revealed a marked improvement in the
histological structure of the thyroid gland as most
of the follicles appeared normal as the control
group. Few follicles were observed with
irregularity in the follicular basement membrane
(Fig. 5e).
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Fig. (5.a). Thyroid gland section of the control group showing normal thyroid follicles lined
with follicular cuboidal epithelial cells with rounded nuclei (arrows) and filled with
homogenous acidophilic colloid (asterisks). Fig. (5.b). Thyroid gland section of the Li treated
group showing disorganized thyroid follicles. Most follicles are lined with follicular cells with
vacuolated cytoplasm (thin arrows) and desquamated epithelial cells (wavy arrows) in their
lumen. Some follicles are empty (F), while others have partially shrunken colloid (asterisks).
Congested blood vessels (V) and interstitial bleeding (arrowheads) in between the follicles are
also seen. Fig. (5.c). Thyroid gland section of GB treated group showing some apparent
normal follicles that are lined with follicular cuboidal epithelial cells with rounded nuclei
(arrows) and filled with homogenous acidophilic colloid (asterisks). Some follicles are
disrupted with vacuolated colloid (F). Notice marked thinning of the follicular basement
membrane of a single follicle (wavy arrow) and disruption of the basement membrane of
another one is seen (arrowheads). Fig. (5.d). Section of the thyroid gland of Vit E treated group
showing few apparent normal follicles with homogenous acidophilic colloid (asterisks). Some
follicles have vacuolated cytoplasm (arrows) while others have vacuolated colloid (F). Notice,
interstitial bleeding in between thyroid follicles (arrowheads) is also seen. Fig. (5.e). Thyroid
gland section from the combined treatment group showing most of the follicles are normal
with follicular cuboidal epithelial cells (arrows) and filled with homogenous acidophilic colloid
(asterisks). Notice, irregularity in follicular basement membrane is seen in a single follicle
(arrowhead) (H&E. X400; Scale bar = 50um)
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Fig. (6.a). Thyroid gland section of the control group showing weak positive nuclear and/or
cytoplasmic immunoreactivity (arrows) for caspase-3 in few follicular cells. Fig. (6.b). Thyroid
gland section from the lithium group showing strong immunohistochemical expression of the
caspase-3 protein in nuclei and cytoplasm of most follicular cells (arrows). Fig. (6.c). Thyroid

gland section of the galantamine hydrobromide treated group showing moderate
immunohistochemical expression of the caspase-3 protein in nuclei and cytoplasm of few
follicular cells (arrows). Fig. (6.d). Thyroid gland section of the vitamin E treated group
showing moderate immunohistochemical expression of the caspase-3 protein in nuclei and
cytoplasm of few follicular cells (arrows). Fig. (6.e). Thyroid gland section of the combined
treatment treated group showing weak immunohistochemical expression of the caspase-3
protein in nuclei and cytoplasm of few follicular cells (arrows). (Caspase-3 immunostaining,
X400; Scale bar = 50um)
exhibited moderate immunohistochemical

3.2.2 Immunohistochemical results of

Caspase-3 protein (Fig. 6)

Group 1 (Fig. 6a) showed weak positive brown
nuclear and cytoplasmic immunoreactivity for
caspase-3 in few follicular cells (Fig. 6a), while
group 2 indicated strong immunohistochemical
expression in nuclei and cytoplasm of most
follicular cells (Fig. 6b). Interestingly, group 3

expression of in nuclei and cytoplasm of few
follicular cells (Fig. 6c), where Group 4 showed
moderate immunohistochemical expression of
the caspase-3 protein in nuclei and cytoplasm of
few follicular cells (Fig. 6d). Finally, group 5
revealed weak immunohistochemical expression
of the caspase-3 protein in nuclei and cytoplasm
of few follicular cells (Fig. 6e).
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4. DISCUSSION

Lithium, a psychotropic agent widely used in
treatment of bipolar disorder [22], is a unique
drug with an impressive psychoactive potential
on one hand and a drug with multisystem toxicity
effect on the other hand [34]. Thyroid gland ,one
of the essential glands in human body, is highly
affected by Li therapy which concentrates 3-4
times greater in thyroid than plasma against a
concentration gradient [35,16]. The gland’s main
function is to synthesize and release thyroid
hormones T3 and T4, which are crucial for
maintaining normal development [36] and have
proven their effective protective role in oxidative
stress, as they regulate levels of antioxidants in
the body.

In this study, Li-treated group experienced
hypothyroidism which was evidenced
biochemically by low hormonal levels and by
histopathological examination. The Li treated
group has showed a significant increase in
serum TNF- a level. While for the oxidative
stress profile, this group showed a significant
increase in serum MDA level and a significant
decrease in TAC level as compared to the
control group.

These results agree with the fact that Li therapy
alters thyroid status by blocking iodothyronine
formation and inhibition of T3 and T4 release,
with a compensatory increase of the TSH levels
[22]. Li stimulates the inflammatory cells to
release proinflammatory cytokines (TNF-a and
IL-6) [14,20].

Toplan’s study on 24 male rats found that high
doses of lithium result in increased lipid
peroxidation and damage to the erythrocyte
membrane and subsequent increase in MDA
level while low Li doses had non-significant
difference on MDA level [22].

In 2007, another study found that therapeutic
doses of lithium increased total antioxidant status
in patients with BD [37], yet, Li treatment was not
able to prevent an oxidative stress-induced
damage to macromolecules [38]. Since total
antioxidant status level is a measure of capacity
to scavenge free radicals, the decreased TAC in
plasma may lead to an increase free radical
mediated cellular insult such as lipid peroxidation
[37].

These results suggests that the decrease in total
antioxidant capacity serum level in Li treated

group is due to different causes other that lithium
therapy itself. However, the oxidative stress is a
sequalae of thyroid dysfunction as mentioned in
Toplan’s study in 2013, who stated that, thyroid
hormones have role in maintaining the
oxidant/antioxidant equilibrium and modulates
the free radical-induced oxidative damage of
lipids, and any damage of thyroid gland or
disturbance of its hormonal levels may lead to
oxidative stress [22]. This oxidative stress may
backfire on thyroid gland itself.

The light microscope examination of thyroid
sections of Li treated revealed various
pathological alterations in the form of distorted
thyroid follicles of variable sizes, congested
blood vessels and interstitial bleeding in between
the follicles. Congestion in the vasculature of
thyroid gland might be due to increased
demand for blood to nourish the follicular cells or
increase in size of the thyroid gland [39].
Furthermore, there was a strong
immunohistochemical expression of the pro-
apoptotic caspase-3 protein in nuclei and
cytoplasm of most follicular cells which indicate
increase incidence of cell death in Li treated

group.

In 2020, Stampone suggested that Li therapy can
induce DNA damage , as Li reduces cell cycle
progression to allow DNA damage repair. This
effect can be explained by the ability of Li to
inhibit glycogen synthase kinase-3 beta (GSK3()
and subsequently activated B-catenin, a function
protein, involved in regulation gene transcription,
which in turn decrease p57 which is a
multifunctional protein involved in the control of
growth, differentiation, gene expression, and
apoptosis [40].

The results in the present study showed that
treatment with GB provided anti-inflammatory,
anti-apoptotic and antioxidant effect. Hence, they
were evidenced biochemically by significant
decrease in TNF alpha and MDA serum level
and increase in TAC serum level while
microscopically there was moderate
immunohistochemical  expression of the
proapoptotic protein caspase-3 in nuclei and
cytoplasm of few follicular cells. Interestingly,
sections of the thyroid gland of the GB treated
group showed some normal follicles. These
effects were reflected on thyroid profile as they
were interestingly significant regarding T3, T4
and TSH levels. Thus, these findings highly
support a potential protective effect of GB
against lithium thyrotoxicity.
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The anti-inflammatory effect of GB is due to
subsequent accumulation of Ach in the synapses
and the agonist effect of a7nAChRs [4], that
serves as a natural anti-inflammatory defense
system to counteract the excessive cytokines
release in infective diseases , or autoimmune
diseases such as rheumatoid arthritis [41].

GB is interestingly able to upregulate the
expression of a7 nAChRs [42]. Therefore, the
antiapoptotic mechanism of GB seems to be
related to a7nAChRs and the PI3K/Akt pathway
which in turn could activate the synthesis of anti-
apoptotic proteins including Bcl-2 and Bcl-XL, a
mechanism already described for nicotine ’s
neuroprotective effect against B-amyloid-induced
toxicity [5]. Additionally, the enol group of GB
molecule provides the drug with antioxidant
capability as it is a scavenger of reactive oxygen
radicals. In rat’s brain, the drug was able to
decrease lipid peroxidation products significantly

[6].

Vit E, is the first line of defense for cell
membrane against oxidative stress [23]. That
effect strongly suggested vitamin E trial in our
present study for protection against Li-induced
thyroid dysfunction. In this study, Vit E treated
group has revealed a significant decrease in
MDA serum level, while TAC level had a
significant increase when compared to the
diseased group. These results agree with the
previously studied antioxidant effect of vitamin E
which protects biological cells from oxidative free
radical stress via producing antioxidant enzymes,
and consequently increasing the TAC activity,

and reducing oxidative free radical stress
parameters such as MDA [43].
The results of  anti-inflammatory  and

antiapoptotic effects of vitamin E were not
promising which, in turn, explains its failure in
prophylaxis against the Li induced thyroid
dysfunction. These results disagree with the
finding of vitamin E decreasing effect on TNF a
in type 2 diabetes in Jamalan study in 2015 [44].
This can be clarified as the anti-inflammatory
effect of vitamin E is more potent for the
subtypes yT and &T tocotrienols [45], while the
form used in this study is a-tocopherol.

This explains that vitamin E, in this expirement,
did not provide a significant prophylactic effect on
thyroid gland as reflected on hormonal level. To
conclude, vitamin E alone may not provide
preventive measures against lithium thyrotoxicity,
however, it can help stopping further damage of

the gland resulted from the oxidative stress
induced by hormonal disturbance.

In the present study, the combined treated group
showed asignificant anti-inflammatory,
antioxidant and anti-apoptotic effects
represented biochemically and microscopically,
and significant improvement of thyroid hormone
profile close to the control group hormone
levels.

When the combined treated group is compared
to GB treated group it showed superiority as
regard antioxidant effect and in thyroid hormone
levels. While when compared to Vit E treated
group showed superiority as regard all
parameters analyzed in this experiment.

5. CONCLUSION

Conclusively, galantamine hydrobromide has a
promising protective outcome against lithium
induced thyroid dysfunction, however, vit E can
be an add on therapy. It is highly recommended
to evaluate galantamine effect against other
lithium side effects in other different clinical
studies.
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