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ABSTRACT
INTRODUCTION: This study aimed to investigate the neurotoxic damage of formaldehyde (FA), which is com-
monly used in medicine and industrial fi elds, for the hippocampus of rats and the protective role of thymoqui-
none (TQ) against this neurotoxicity.
METHODS: There were fi ve groups with eight rats in each. Two control groups were formed, in one of them 
physiological saline was applied and in the other one corn oil was applied. FA was injected in Group 3. Group 
4 was exposed to FA and TQ simultaneously. Group 5 received TQ only. At the end of the experiment animals 
were sacrifi ced and brain tissues were removed for biochemical and histopathological investigation.
RESULTS: Catalase (CAT), glutathione peroxidase (GSH-px) and superoxide dismutase (SOD), all known as 
enzymes with antioxidant activities, were increased in FA and TQ simultaneously administered group. FA caused 
prominent subarachnoidal hemorrhage and vacuolization. Vacuolization was not observed but occasional sub-
arachnoidal hemorrhage was detected in the FA+TQ group.
CONCLUSION: Neurotoxic damage in hippocampus induced by FA was reverted by administration of TQ (Tab. 
1, Fig. 1, Ref. 26). Text in PDF www.elis.sk.
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Introduction

Hippocampus, a division of the limbic system, is related with 
emotions, memory and learning. It participates in integration and 
storage of recently learned data and transporting experiences from 
short term memory to long term memory (1).

Formaldehyde is a form of aldehyde compound and is both 
an indoor and outdoor air pollutant (2). Especially anatomists, 
histologists and medical students who take the course of cadaver 
dissection are often exposed to infl uence of FA. Besides, FA is in-
cluded in tobacco smoke and smoke produced from photochemi-
cal reactions and burning of general combustibles (3). Growing 
evidences revealed that elongated exposure to FA causes chemical 
accumulation (4–6).

There are is a wide range of evidence indicating memory 
damage as a result of prolonged FA exposure. Formaldehyde ac-
cumulation results in a decrease in hippocampal neurons (7, 8) 

and impairment of memory (9). Epidemiologic studies show that 
exogenous FA exposure causes cognitive regression and is related 
with neurofi lament changes and demyelinisation in hippocampal 
neurons in humans (10–12).

Decreases in activities of the prominent antioxidant enzymes 
Superoxide dismutase (SOD), catalese (CAT) and glutathion per-
oxidase (GSH-px), are used for demonstrating cellular damage 
related with oxidative stress (13). 

Nigella Sativa (N.Sativa, Black Cumin) is a herbal medicine 
with a large history. According to literature, N.Sativa’s biologic 
activity is predominantly related with its fatty components, espe-
cially with TQ (14). TQ has been reported to scavenge several spe-
cies of reactive oxygen radicals including superoxide radicals and 
hydroxyl radicals (15). Besides, TQ was reported to be used as a 
protective agent against neurotoxic damage (16). However, to the 
best of our knowledge, a study concerning the protective effect of 
TQ against neurotoxic damage caused by FA on hippocampus, has 
not been performed yet. Thus, we decided to demonstrate the char-
acteristics of neurotoxic damage caused by FA on hippocampus and 
fi nd out whether TQ has a protective effect on this damage or not. 

Material and methods

Animals and applications
A total of 40 male rats (Wibstar Albino) were used for the cur-

rent study. Rats were divided into fi ve groups , with eight rats in 
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each. Temperature was set to 22 ± 2 °C. The light was arranged 
in the form of 12 hours for each,daytime and nighttime. The rats 
from the fi rst control group (Group 1) were injected with physi-
ological saline solution intraperitoneally. Rats in group 2 were 
administered 1 ml of corn oil via gavage. Rats in group 3 were 
injected FA via intraperitoneal route with a dose of 10 mg/kg di-
luted in 10 % physiological saline solution. Rats in group 4 were 
injected FA at the same dose and duration as in the third group 
and additionally were administered 20 mg/kg TQ in 1 ml corn oil 
via gavage. Rats in group 5 were administered 20 mg/kg TQ with 
1 ml corn oil via gavage. 

Fifteen days later the animals were sacrifi ced and brain tissues 
were removed for biochemical and histopathological examinations. 
One hemisphere of each rat was fi xated in 10 % formaldehyde for 
light microscope examinations. Hippocampus region of the other 
hemisphere was removed for biochemical examination, placed 
into glass bottles, labeled, and stored frozen for the eventual de-
termination of SOD, GSH-Px and CAT activities.

Biochemical analyses
The tissues were weighed and homogenized in ice-cold Tris-

HCl buffer (50 mM, pH 7.4). All procedures were performed at 
+4 °C. Tissue homogenates were centrifuged to remove debris, 
and the clear supernatant fl uids were separated and kept at ‒80 °C 
until the enzyme activity measurements were performed (about 
a week later).

Determination of SOD activity
The method to determine SOD activity for current study is 

based on recording the optic density (OD) of blue formasane 
produced while Nitro blue tetrazolium (N.B.T) and superoxide 
radicals generated using xantine and xantine oxidase (XOD) re-
act at 560 nm wavelength. SOD inhibits formasane reaction by 
disposing superoxyde radicals. Inhibition rate depends on SOD 
activity in the environment. SOD activity is expressed as U/g Hb 
and U/g protein in blood and tissue, respectively. The process is 
briefl y as follows: erythrocyde hemolysate or tissue homogenate 
is diluted with phosphate buffer. A buffer solution composed of 25 
μl of diluted hemolysate or tissue homogenate, 50 mmol/L CAPS 
(3-[siklohexylaminol]-1-propanesulfonic acid) and 0.094 mmol/L 
EDTA (pH 10.2) and 850 μl substrate solution composed of 0.05 
mmol/L xantine sodium and 0.025 mmol/L 2-(4-iodophenyl)-3-(4- 
nitrophenol)-5-phenyltetrasolium chloride (INT) are mixed. 125μl 
xantine oxidase (80 U/ml) is added to the mixture and accelerance 
of absorbance is recorded at 505 nm for 3 minutes (17).

 
Determination of GSH-Px activity

Glutathione (GSH), reduced in the presence of H2O2, is oxi-
dised by GSH-Px and becomes oxidised glutathione (GSSG). 
GSSG converts back to GSH through glutathione reductase activ-
ity. The cofactor for this reaction is reduced nicotinamide adenine 
dinucleotide phosphate (NADPH). Amount of NADPH used is 
screened as the reduction of absorbance at 340 nm wavelength. 
GSH-Px activity is expressed as U/g Hb and U/g protein in blood 
and tissue,respectively. The process is briefl y as follows: 980 μl 

mixture composed of 1 mmol/L Na2EDTA, 2 mmol/L reducted 
gluthione, 0.2 mmol/L NADPH, 4 mmol/L sodium azide and 1000 
U glutathione reductase buffered in 50 mmol/L TRIS and 20 μl 
eriythrocyde hemoliysate or tissue homogenate is mixed and in-
cubated for 5 minutes at 37 °C. Reaction is started by adding 8.8 
mmol/L hydrogen peroxide and reductions in absorbance are re-
corded for 3 minutes (18)

Determination of CAT activity
The method is described by Aebi. At 25 °C in erythrocyde 

hemolysate or tissue homogenate, decomposition rate of the sub-
strate H2O2 is tracked spectrophotometrically at 240 nm for 30 
seconds. Activity is expressed as U/g Hb and U/g protein in blood 
and tissue, respectively (19).

Histological examination
For histopathological analysis, brain tissues were fi xed in 10 

% neutral buffered formaldehyde and embeded in paraffi n. 5 μm 
thick sections obtained from paraffi n blocks were stained with 
hematoxylin-eosin (H–E). Samples were examined and scored by 
a blind observer using a Nikon Eclipse i5 light microscope with a 
Nikon DS-Fi1c camera and the Nikon NIS Elements version 4.0 
image analysis systems (Nikon Instruments Inc., Tokyo, Japan).

Statistical analysis
SPSS 20 package programme was used. ANOVA test was ap-

plied and p < 0.05 was considered as signifi cant. All numerical 
results was expressed as mean ± SD.

Results

The weight gain in FA group was much less than the weight 
gain in control group. The weight gain in treatment group was 
found to be less than that of the control group and higher than 
that of the FA group.

Biochemical results
The mean CAT, GSH-Px and SOD enzyme activities were 

decreased in formaldehyde administered rats compared to control 
group (p < 0.001) (Tab. 1). Additionally, the mean CAT, GSH-Px 

Group              CAT 
(U/g)

SOD 
(U/g)

GSH-Px 
(U/g)

I – Control 
(Physiological saline solution) 41.6±2.9 4.2±0.5 43.4±1.3

II – Control (Corn Oil) 34.4±5.8 3.3±0.2 48.4±2.0
III – Formaldehyde 25.5±0.9 2.7±0.2 26.7±2.9
IV – Formaldehyde + 
Thymoquinone 41.2±4.3 4.0±0.4 55.1±3.0

V – Thymoquinone 40.9±4.4 3.4±0.3 37.1±1.3
p < (I–III) <0.001 <0.001 <0.001
p < (III–IV) <0.001 <0.001 <0.001
Values   are expressed as mean ± standard error. n – number of subjects; CAT – cata-
lase; SOD – superoxide dismutase; GSH-Px – glutathione peroxidase

Tab. 1. CAT, SOD and GSH-Px values   of the hippocampal tissue sam-
ples of the groups (n = 8).
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and SOD enzyme activities were increased in FA and TQ admin-
istered rats compared to FA administered rats (p < 0.001) (Tab. 1).

Light microscopic results
Histopathological results are shown in Figure 1. Histological 

features of the brains of the rats from the control and TQ groups 
were normal in apperances (Fig. 1 A–C). Intracellular vacuoliza-
tion, intracerebral hemorrhage, and subarachnoidal hemorrhage 
were detected in the rats from FA group (Fig. 1D–F). In the FA + 
TQ group vacuolization or hemorrhage were not detected, while 
partial subarachnoidal hemorrhage was observed (Fig. 1G–I).

Discussion

The results obtained from biochemical and histological ex-
amination revealed neurotoxic and destructive effects of FA on 
hippocampus region. According to the results, TQ was able to 
prevent the mentioned damage. 

SOD, CAT and GSH-px are the enzymatic antioxidant sys-
tems of the cells. In a trial aimed to determine the toxic effect of 
FA on hippocampus, FA was detected to cause oxidative stress, to 
be neurotoxic and to decrease the levels of antioxidant enzymes 
SOD and GSH-Px (20). In another study, SOD and GSH-px ac-
tivities in prefrontal tissue samples of rats which were applied FA 
injection were found to be signifi cantly lower compared to control 
group. Therefore, FA was pointed out to cause neuronal toxicity 
(21). Excess doses of FA application for 30 days signifi cantly re-
duced hippocampal activity and demonstrated diminishment of 
NMDA receptor activity, besides, hippocampal FA accumulation 
was reported in the process of diseases which impair memory, like 
senile dementia (22). Research concerning accumulation of FA in 
visceral tissues other then brain was also carried out. Methanol 
was administered to rats, and in the light of the preliminary in-
formation that methanol is metabolised in liver and transformed 
to FA, antioxidant enzyme systems in liver tissues of rats were 
assessed. Enzymatic antioxidant systems like SOD, CAT and 

A B C

D E F

G H I

Fig. 1. A. Brain histology is normal in physiologic saline group. H–E; 20 X. B. Brain histology is normal in corn oil group. H–E;20 X. C. Brain 
histology is normal in thymoquinone group. H–E; 20 X. D. Brain section of formaldehyde group (White star: subarachnoid hemorrhage) H–E; 
10 X. E. Brain section of formaldehyde group (White star: subarachnoid hemorrhage) H–E; 10 X. Brain section of formaldehyde group (White 
arrow: vacuolisation) H–E; 40 X. G. Treatment group (White star: subarachnoidal hemorrhage) H–F; 20 X. H. Treatment group; no hemor-
rhage is seen. H–E; 10 X. I. Treatment group. No vacuolisation is seen. H–E; 20 X
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GSH-Px and nonenzymatic antioxidant systems were found to be 
impaired (23). We found out that FA triggered reductions in anti-
oxidant enzyme levels of hippocampal tissues, which was simi-
lar with previous studies. In this view, we suggest that FA causes 
neurotoxicity in hippocampus via oxidative damage. 

TQ is a potent antioxidant according to many recent studies. 
In a study performed in 2017, SOD and CAT enzyme activities 
were reduced after administration of lipopolysaccharides (LPS), 
followed by an increase after TQ administration. Moreover, LPS 
were shown to enhance the production of proinfl ammatory cyto-
kines like IL-1, IL-6 and TNF by activating neuroinfl ammatory 
reactions in hippocampus and potentially contributing to neuro-
nal dysfunction, causing impairment of memory and learning. 
Subsequently, these harmful effects were reverted by adminis-
tration of TQ (24). In a different trial of brain ischemia, SOD 
and CAT activities and GSH levels were increased after giving 
oral TQ. It was supposed that TQ reverted the damage after 
brain ischemia, possibly by reducing the oxidative stress (25). 
Likewise, in our study, TQ was shown to increase SOD, CAT 
and GSH-Px activity and revert the neurotoxicity caused by FA 
on hippocampus. 

Intraventricular injection of FA was shown to impair memory 
and learning, besides, caused apoptosis and lipid peroxidation in 
hippocampal neurons in a recent study (26). In one study basophilic 
dark stained picnotic nuclei of hippocampal neurons have been 
detected after experimental FA toxicity (20). In a further study, 
apoptotic cells were observed in prefrontal cortices of animals 
exposed to FA. FA was then reported to be the agent causing dam-
age fn these tissues (21). As mentioned above, FA triggers neuro-
nal toxicity throughout the whole brain tissue by several effects. 
We also found vacuolisation and subarachnoid and intracerebral 
hemorrhage in brain tissues of rats exposed to FA. When TQ was 
applied along with FA, no intracerebral hemorrhage and vacuoli-
sation and less subarachnoid hemorrhage was detected. Thus, we 
may suggest that TQ has a protective effect on brain tissue. 

Conclusion

The results of current experimental study indicate that FA 
causes neurotoxic damage in rats’ hippocampal tissues and TQ 
reverts these damages. Moreover, the effects of TQ are accom-
panied with an increase in antioxidant enzyme activities and a 
decrease in oxidative damage biomarker levels. 

The key eligibility of our study is that to the best of our 
knowledge, it is the fi rst study to research protective effect of 
TQ against toxic effects of FA on tissues. Also, we demonstrated 
tissue damage caused by FA and healing provided by TQ both 
with histologic examination and changes in antioxidant enzyme 
activities. 

The most clear limitation of our study is that FA was admin-
istered via intraperitoneal route. Due to the fact that FA has a 
marked hepatic fi rst pass metabolism, FA activity may have been 
diminished in our study. Other remarkable defi ciency is that we 
did not examine memory and learning functions of rats, which are 
useful for evaluation hippocampal functions. 

We suggest that further research focused on antioxidant sys-
tems and behavioral systems including testing memory and learn-
ing functions may reinforce the favourable effects of TQ against 
tissue damage. 
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