
NJBAMS
Nigerian Journal of Basic and Applied Medical Sciences

An official publication of the National

ACADEMICS (ASMeDA aka MEDSABAMS)

ASSOCIATION OF SPECIALIST MEDICAL  DOCTORS IN 

www.njbams.asmeda.orgISSN:Print: 2811-1672
Online: 2811-1680

Nigerian Journal of Basic and Applied Medical Sciences                                            Volume 2, Number 1, January - June, 2022.



Research Article                                                                                                          https://doi.org/10.53994/NJBAMS.202221.4

Nigella Sativa Attenuates Trimethyltin-induced Histopathological 
Changes in Mice Hippocampi

Adana M.Y., Imam A., Kareem S.B., Ajao M.S.

Department of Anatomy, College of Health Sciences, University of Ilorin, Ilorin Nigeria

ABSTRACT
Background: The organotins particularly Trimethyltin (TMT) are very 
popular in agriculture and industry. Exposure to the compound is 
associated with several neurological symptoms which suggest 
neurotoxicity. The study was designed to investigate the antidotal effects 
of  Nigella sativa (NS) on TMT-induced neurotoxicity on mice 
hippocampi.

Materials and Methods: Seventy adult male mice weighing an average 
of  25g were randomly assigned into seven groups of  ten animals each 
(Groups A- G). Animals in group A were administered single dose TMT 
(3mg/kg) and euthanized after 48 hours. Groups B, C, and D were given a 
single dose of  TMT (3mg/kg), followed by a single weekly dose of  NS 
(28ml/kg) for 1, 2, and 3 weeks respectively. Groups E, F, and G served as 
controls for trimethyltin (3mg/kg), Nigella sativa (28ml/kg), and saline 
(28ml/kg) respectively. NS. 

Results: The mice demonstrated tremors, aggressiveness and subtle 
seizures at the initial state in TMT administered groups with 

exophthalmos and pedal edema that subsides in the mice administered 
with TMT-NS. There were exudes of  neuritic plaques, neurofibrillary 
tangles, and apoptotic cells on TMT-administered brains on histology. 
These observations were markedly reduced in the TMT-NS administered 
groups. 

Conclusion: The study concludes that the neurodestructive effects of  
TMT on the hippocampal neurons and its ability to negatively affect the 
neurobehavioral attitudes of  the mice could be reversible following the 
administration of  NS.
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Oxidative stressors are involved in the aetiopathogenesis of  most 
neurological disorders (1-3), and the available evidence suggests 
rising incidences of  these disorders worldwide despite huge 
investments in research and therapeutic agents. Brain cells are 
amenable to injuries when exposed to free radicals that are mostly 
generated in the body (4, 5) by stress, exercise, oxidation of  food, 
and in some cases chemical reactions that are aftermath of  cellular 
reactions in the body (6).
Trimethyltin (TMT) chloride is an organotin white solid 
compound present in most pesticides and other chemical agents 
have been shown to have deleterious effects with selective damage 
to hippocampal cells (7, 8) and lesions mimicking those that are 
similar to the ones caused by convulsants in which the brain 
excitatory amino acid transmission is involved (9, 10). The 
neuronal subpopulations in the hippocampus have exhibited 
certain selective vulnerability to the effects of  Trimethyltin. This 
leads to the observed hippocampal neurodegeneration (11).
The role of  phytochemicals in neurotoxicological studies has been 
increasing in the last decade (12). Nigella sativa (NS) commonly 
referred to as black seed oil is an annual flowering plant that is 
mostly found in southern Asia and has been used for decades 
among the Arabs in the treatment of  many disorders because of  its 
free radical scavenging activities (13, 14). Due to the continued 
widespread use of  TMT, it is imperative to study possible ways of  
reversing or protecting against its toxicity. Despite all the 
acclaimed therapeutic potentials of  NS, there is a need to test the 
antioxidative potentials in the protection of  the hippocampal cells 
against TMT-induced neurotoxicity using an animal model.

MATERIALS AND METHODS
Animals Procurement 
Seventy (70) adult male BALB/c mice weighing between 25-35g 
were obtained from the biological garden of  the University of  
Ilorin, Ilorin. The mice were randomly assigned into seven groups 
of  ten (10) mice each (Groups A-G). Animals were housed in 
mesh cages under natural light and dark cycles at room 
temperature. Animals in all groups were fed normal mice 
laboratory chow and water ad libitum. They were kept for seven (7) 
days for acclimatization to the new environment. The study was 
approved by the University Ethical Clearance Committee with the 
approval number UIL/UERC/12/47AA.

Weight Taking 
The initial weights of  the animals were taken before the 
commencement of  the experiment and recorded. Thereafter, the 
weights were taken weekly for three weeks of  treatment. This was 
done in the mornings before administration. Recorded weights 
include the first (1st) day, seventh (7th) day, fourteenth (14th) day, 
and twenty-first (21st) day of  the treatment 

Preparation of TMT solution and NS oil
The TMT chloride preparation was purchased from Sigma 
Aldrich, Avengerlee in the USA. The working solution of  
trimethyltin chloride was prepared by diluting 0.04ml of  
trimethyltin chloride in 500ml of  normal saline. The black seed oil 
from Al-Iman stores, Saudi Arabia was procured from a local store 
in Ilorin.

Administration of TMT and NS oil
Mice in group A were administered single dose of  intraperitoneal 
TMT (3mg/kg) and euthanized 48hours after the administration. 
Groups B, C, and D were given single dose TMT (3mg/kg), 
followed by a single weekly oral dose of  NS (28ml/kg) for 1, 2, and 
3 weeks respectively, and euthanized on days 9, 16, and 23 of  
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experiment respectively. Group E had single-dose of  
intraperitoneal TMT (3mg/kg) and was euthanized on day 21. 
Group F had a single weekly oral dose of  NS (28ml/kg) for 3 
weeks and was euthanized on day 21 while group G animals had a 
single weekly oral dose of  normal saline (28ml/kg) and were 
euthanized on day 21 of  the experiment. All treatments were given 
intraperitoneally (table 1). 

Tissue Processing for Histological Analysis 
Animals were anesthetized with ketamine. They were then 
transcardially perfused with 4% paraformaldehyde. The brains 
were harvested and weighed using a sensitive weighing balance to 
the nearest 0.1g and processed for histological staining. Coronal 
sectioning of  the hippocampi were carried out using a Rotatory 
Microtome (Leica 2125RT) into sections of  3 microns thick and 
then stained in Hematoxylin and Eosin (H&E) – to show basic 
morphology, Giemsa for apoptotic cells, Bielschowsky's Silver 
Stain for nerve fiber, axon, neurofibrillary tangles, and senile 
plaques, Cresyl violet stain for nissl substance in the cytoplasm of  
neurons, and Luxol fast blue for myelin and nerve cells  .Data 
Analysis 
Data among the groups were analyzed by one-way analysis of  
variance (ANOVA). Data were presented as means (n=10) ± 
standard error of  mean (SEM). P-value less than 0.05 was 
considered to be statistically significant. 

RESULTS
General observations
A few minutes following the administration of  TMT, the mice 
demonstrated sluggishness and trembling. This was followed by 
aggressiveness and tremors about 12 hours post-administration. 
This continued till the expiration of  the experimental period. 
However, mice co-treated with NS displayed increasing calmness 
and a great reduction in aggressiveness about a week into the 
treatments. Complete resolution was observed in mice that had 
more weekly doses of  NS. Some animals did not show any of  the 
aforementioned symptoms. 

Morphological Findings
Most of  the animals developed exophthalmos and pedal swelling 
approximately 24 hours following intraperitoneal administration 
of  TMT. The exophthalmos resolved within 14 days of  TMT 
administration while the pedal edema was present in all groups 
that had TMT till the end of  the research. Varying weight changes 
were observed amongst the groups. Group A animals (3mg/kg 
TMT single dose in 48 hours followed by euthanasia) showed a 
marginal weight loss of  about 0.5-1g before euthanasia. Weekly 
weight-record of  animals revealed nearly a constancy in Group B 
(3mg/kg of  TMT followed by 28ml/kg Nigella sativa after 48 

hours and sacrificed after 1 week). A progressive weight gain of  
about 1-2g was observed in Groups C and D (Single dose TMT 
followed by a weekly dose Nigella sativa for 2 and 3 weeks 
respectively). Group E (3mg/kg TMT single dose) experienced 
greater weight loss of  about 1.5g in the first week after TMT 
administration, followed by a fairly constant weight in the 
subsequent weeks. Groups F and G, which served as the control 
for the experiment, exhibited weight gain. The weight changes are 
shown in table 2.

Figure 1: Representative Photomicrographs of  Haematoxylin and Eosin (H&E) 
Stained Hippocampal region (X400) of  groups (A) Pyramidal Neurons of  the 
Ammon's horn appearing shrunken and other neuronal bodies' shows severe 
hyperchromic fragmentedchromatin, (B) shows the presence of  Neuronal bodies 
with severe Hyperchromic Granulated Chromatins. (C)showing Subiculum section 
displaying Neuronal bodies with moderately Hyperchromic and Granulated 
Chromatins. (D)shows Ammon's horn section displaying a few darkly stained 
Neuronal bodies and shrunken Pyramidal Neurons. (E) showing moderately 
normal Subiculum section displaying very few Neuronal bodies with 
Hyperchromic and Granulated Chromatins. (F)shows the Subiculum section 
displaying normal Neuronal bodies, the Pyramidal Neurons do not shrink and the 
cells take up stains normally. (G) shows Ammon's horn and Dentate gyrus section 
displaying normal Neuronal bodies, the Pyramidal Neurons not shrunken and the 
cells take up stains normally.

Table 1: Drug Administration
Group Treatment (Route) Dose (weekly) Duration 

A TMT (Subcutaneously)  3 mg/kg  48hrs 

B TMT (Subcutaneously) + 

NS (oral) 

3 mg/kg (single dose) 

28 ml/kg 

7 days 

C TMT (Subcutaneously) + 

NS (oral) 

3 mg/kg (single dose) 

28 ml/kg 

14 days 

D TMT (Subcutaneously) + 

NS 

3 mg/kg (single dose) 

28 ml/kg 

21 days 

E TMT  3mg/kg 21 days 

F NS 28ml/kg 21 days 

G Normal saline 28ml/kg 21 days 
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Relative brain weight (RBW)
The Relative Brain Weight (RBW = Brain weight/ total body 
weight× 100) of  the animals varied slightly across the groups. 
Animals treated with TMT displayed significantly higher RBW 
when compared to other groups. Those co-treated with NS had 
similar but slightly lower RBW than those treated with TMT alone 
(Table 2).

Figure 2: Representative Photomicrographs of  LFB Stained Hippocampal Region 
(X400). Groups (A) show the presence of  few Nissl Substances (NS) and massive 
Apoptotic Cells (AC).(B)(C) shows an absence of  Nissl Substances (NS). 
Apoptotic Cells (AP) were observed. (D)shows few Apoptotic Cells (AP) and 
Neuritic Plaque (NP) with numerous Nissl Substances (NS). (E) shows numerous 
Apoptotic Cells (AP) and Neuritic Plaque (NP) with few Nissl Substances (NS) 
whiles (F), and (G) shows the presence of  numerous Nissl Substances (NS), normal 
morphology of  Pyramidal Cells (PC) with no Apoptotic Cells (AC).

Histological Observations
Animals exposed to NS only and saline control showed a high 
population of  pyramidal cells (figure 1) and nissl substances with 
few (figure 2) or no apoptotic cells (figure 3) in slide sections. Mice 
treated with TMT, displayed degenerative changes in the 
histological architecture of  the hippocampus as evidenced by the 
presence of  neurofibrillary tangles, neuritic plaques, and apoptotic 
cells when compared to mice treated with Nigella sativa (NS) after 
TMT exposure. The degree of  apoptosis was observed to be 
highest in animals that were euthanized on day 7 after treatment 
with a single dose of  TMT and NS compared to animals in other 
groups. This is further described in figures1-3.

DISCUSSION
Trimethyltin is neurotoxic 
Organotin compounds such as trimethyltin chloride (TMT) have 
been shown to have strong neurotoxic properties that cause 
selective neuronal death, in specific regions of  the brain such as the 
hippocampus (16, 17). They have been widely used in the industrial 
and agricultural allied sectors as insecticides and pesticides (18, 19) 
and equally as a constituent of  plastics and fungicide respectively. 
TMT, a neurotoxic compound induces morphological changes in 
mice brain. The neurotoxicant properties have beenidentified 
since the 19th century (20) and this often made TMT to be used in 
an experiment that involves the inducement of  neurotoxicity in 
experimental neurobiology.The result from the present study 
shows that mice exposed to TMT express symptoms highly 
suggestive of  a multisystem injury with more noticeable changes in 
the  cent ra l  ner vous  sys tem.  Obser va t ions  inc lude 
neuropsychiatric behaviors such as aggressiveness, tremors, and 
increased relative brain weight. These are indicative of  brain 
inflammation and edema resulting from acute TMT poisoning 
(18). A release of  excitatory amino acids from astrocytic edema has 
been suggested (21), this explains the tremors and aggressive 
behaviors observed in the animals. 
The increase in the relative brain weight of  the animals may be 
contributed by the overall decline in body weight. This may be 
explained by the loss of  coordination and poor feeding observed 
in the animals. Yousef  et al., 2010 reported in their study, similar 
findings of  weight loss following administration of  TMT (22). The 
notable TMT syndrome is often used to describe the 
neuropsychiatric behaviors of  animals exposed to TMT, such as 

Groups  Treatment  Initial b.w (g)  After 48hrs 
(g) 

7 Days (g)  14 Days (g)  21  Days (g)  

A TMT 48hrs  26.60±0.371  24.70±0.448     
B TMT + NS D7  25.90±0.433  - 25.70±0.517 *   
C TMT + NS D14  26.10±0.586  - 24.70±0.396 * 27.80±0.327   
D TMT + NS D21  26.00±0.537  - 24.26±0.512 * 25.40±0.371 * 28.90±0.277  
E TMT D21  26.10±0.458  - 24.30±0.448 * 25.10±0.379 a* 25.90±0.314 * 
F NS  26.10±0.379  - 27.10±0.314  24.20±0.442 * 24.60±0.476 * 
G Saline  26.30±0.300  26.40±0.3 80 27.10±0.348  28.30±0.442  30.20±0.467  

 Data were mean of  ten determinations ± standard errors of  mean. Values carrying superscripts * indicates significant difference between the group and group G (p<0.05).
TMT 48 hrs - Group administered Trimethyltin (TMT) and observed for 48hours;
TMT + NS D7- Group administered single dose of  TMT followed by Nigella sativa seed oil (NS) and observed for 7 days before euthanization.
TMT + NS D14- Group administered single dose of  TMT followed by Nigella sativa seed oil (NS) once every 7 days for 14 days before euthanization.
TMT + NS D21- Group administered single dose of  TMT followed by Nigella sativa seed oil (NS) once every 7 days for 21 days before euthanization.
TMT D21- Group administered Trimethyltin (TMT) and observed for 21 days;
NS- Group administered Nigella sativa seed oil (NS) once every 7 days for 21 days before euthanization.
Saline- Group administered saline once every 7 days for 21 days before euthanization.

Table 2. Quantitative Body Weight Changes in Mice Administered with Trimethyltin and Nigella sativa Seed Oil 
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transient gait abnormalities, tremors, aggressiveness. Mice 
exposed to TMT demonstrated hyperactivity and the 
behavioralsigns observed in these experimental animals after 48 
hours of  administration of  TMT. 

Figure 3: Representative photomicrographs of  Giemsa stained Hippocampal 
region (X400) showing the presence of  Apoptotic Cells (AC), Vacuoles (V), and 
Pyramidal Cells (PC). (A) shows the presence of  a few Pyramidal Cells (PC), 
Apoptotic Cells (AP), Neurofibritic Tangle (NT), and Neuronal Plague (NP). (B) 
shows the presence of  fewer Apoptotic Cells (AP) with Pyramidal Cells (PC) and 
Vacuoles (V). (C) shows fewer Vacuoles (V) and more Pyramidal Cells (PC). (D) 
and(E) Given stat dose TMT, shows the presence of  Neuronal Projection (NPr) 
while (F) and (G) Saline single-dose/week, has normal Pyramidal Cells (PC) 
distribution.

TMT-induced injuries are dose and time-dependent

Earlier researchers found a dose-related decrease in brain weight 
across different age groups (23). In this study as well, the observed 
signs resolved in animals that were left for a longer period (21days) 
suggesting that the damages caused by TMT were temporary (24). 
This can be explained by hippocampal neurogenesis that occurs in 
the adult brain (Altman, 1963). Research has suggested that new 
neurons are continuously added to the dentate gyrus as well as the 
subventricular zone well into the postnatal and adult period in rats 
and mice (25). In contrast, Rose and Aldrigein 1968 reported that 
the effect of  TMT is sustained for a longer period due to the high 
affinity of  rat hemoglobin for TMT thereby acting as a reservoir 
for the slow and continuous release of  the toxic agent into the 
plasma and from which it enters the brain (26).

TMT induces notable histological changes in the 
hippocampus

Histological changes in the cytoarchitecture of  the brain 
observable were thought to be due to the ability of  TMT to cause 
brain inflammation and subsequent brain edema which will result 
from neuronal injuries. The histological tissue sections indicated 
severe degenerative changes such as shrunken cytoplasm and 

extensively dark pyknotic nuclei in neurons of  the hippocampi 
tissues of  animals treated with TMT alone. Histological findings 
also revealed neuronal degeneration evidenced by the presence of  
neurofibrillary tangles, apoptotic cells, and neuritic plaques as early 
as 48hours following a single dose of  intraperitoneal TMT. 
Shrunken pyramidal cells and neuronal bodies as well as 
hyperchromasia and fragmentation of  cells were also observed. 
This finding is similar to the neurodegenerative changes observed 
by earlier researchers (27-29). It is therefore suggested that TMT 
exerts its toxic effects majorly on pyramidal neurons (30, 31). 
Some other researchers however did not find any degenerative 
changes in the cells (32). This outcome may explain the variation in 
the behavioral and histomorphological signs observed. The 
presence of  some protective biological factors in some of  the 
animals may have a shielding effect against neurotoxins such as 
TMT while the others are more susceptible. Toggers and his 
colleagues used molecular coupling techniques to isolate 
complementary DNA which was specifically localized in TMT-
sensitive cells (33). 

Ishida and his colleagues showed the functional significance of  
hippocampal neurodegeneration by TMT in his work on TMT 
syndrome (34). The whole of  the hippocampus appears to be 
susceptible to these neurodegenerative changes as was observed in 
the slide sections from the Ammon's horn as well as the dentate 
gyrus.  This conforms with previous studies where TMT 
administration caused selective neuronal death involving either the 
granular neurons of  the dentate gyrus or the pyramidal cells of  the 
Cornu Ammonis. 

Table 3. Relative Brain Weight of  Mice Administered with 
Trimethyltin and Nigella sativa Seed Oil 

Data were mean of  ten determinations ± standard errors of  mean. Values carrying 
superscripts * indicates significant difference between the group and group G 

∞ µ
(p<0.05), difference between the  indicates difference between the group and group F and  indicates 

group and group E. 
TMT 48 hrs - Group administered Trimethyltin (TMT) and observed for 48hours;
TMT + NS D7- Group administered single dose of  TMT followed by Nigella sativa 
seed oil (NS) and observed for 7 days before euthanization.
TMT + NS D14- Group administered single dose of  TMT followed by Nigella sativa 
seed oil (NS) once every 7 days for 14 days before euthanization.
TMT + NS D21- Group administered single dose of  TMT followed by Nigella sativa 
seed oil (NS) once every 7 days for 21 days before euthanization.
TMT D21- Group administered Trimethyltin (TMT) and observed for 21 days;
NS- Group administered Nigella sativa seed oil (NS) once every 7 days for 21 days 
before euthanization.
Saline- Group administered saline once every 7 days for 21 days before 
euthanization.

TMT acts via excitototxicity
Several mechanisms have been proposed for the mechanism of  
TMT-induced neurotoxicity. None has been conclusive; however, 
exper imenta l  ev idence indicates  that  TMT-induced 
neurodegeneration is a complex event involving different 
pathogenetic mechanisms, probably acting differently in animal 
and cell models, which include neuroinflammation, intracellular 
calcium overload, and oxidative stress. A prior study proposed that 
the toxic effects of  TMT were due to the disturbance of  brain 
glutamate and GABAergic metabolism (35, 36). The study 

Groups  Treatment Relative Brain Weight (g) 

A TMT 48hrs 0.0123±0.000213*∞ 
B TMT + NS D7 0.0119±0.000277*∞µ 
C TMT + D14 0.0121±0.000180*∞µ 
D TMT + NS D21 0.0118±0.000200*∞µ 
E TMT D21 0.0125±0.000269*∞ 
F NS 0.0099±0.000163 
G Saline 0.0104±0.000136 
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explained a disruption of  the neuronal glutamate metabolism, and 
this may account for the motor abnormalities observed in the 
animals. Woodruff  and Baisden in 1990 provided evidence for the 
involvement of  cholinergic mechanisms in TMT- induced 
cognitive deficits via an enhanced activity of  cholinergic marker- 
acetylcholinesterase (37). TMT exposure was also observed to 
reduce the concentration of  GABA within the hippocampus (38, 
39) or loss of  GABAergic receptors (40), thereby reducing 
inhibition within the dentate gyrus. This contributes to 
excitotoxicity.

Neuroprotective effects of Nigella sativa
Animals treated with NS did not exhibit any behavioral or 
neuropathological signs. The histological findings were also in 
conformity with this. Cells exhibited normal neuronal bodies and 
no toxic effect was observed. The pyramidal neurons were not 
shrunken and they took up dyes normally when compared with 
animals in the saline control group. There was no hyperchromasia 
as observed in the TMT- treated groups. This conforms with 
earlier studies in mice and rats which show that NS has a very low 
toxicity level as evidenced by its high LD50 values, key hepatic 
enzyme stability, and organ integrity. This suggests a wide safety 
margin for therapeutic doses (41) (42, 43). As in other herbal 
preparations, safety is among the most important factors to be 
considered before use. 
NS has also been found to have immunomodulating properties as 
it was observed that organisms given NS exhibited reduced 
immunoreactivity to toxins. According to a study, caspase-3, (a 
main effector caspase strongly implicated in neuronal apoptosis) 
immunopositivity was increased in degenerating neurons of  the 
frontal cortex tissues following formaldehyde exposure. 
Treatment with NS markedly reduced the expression of  caspase-3 
in degenerating neurons after exposure to formaldehyde (44) and 
other toxins (45, 46).
In this study, Nigella sativa was able to ameliorate the neurotoxic 
effects of  TMT as evidenced by the fewer hyperchromatic 
neuronal bodies and fewer shrunken pyramidal neurons in the 
hippocampal slide sections obtained from animals that had NS 
following TMT administration. Similarly in the work of  Kamasak 
(2021) and Butt (2018), NS oil was found to significantly reduce 
toxicity and oxidative stress in the rat brain regions via a free radical 
scavenging mechanism (47, 48). Some researchers also revealed 
that the ameliorative and antiepileptic properties of  NS were able 
to alleviate ciprofloxacin-induced neurotoxicity via an imbalance 
between the excitatory and the inhibitory amino acids reflecting its 
potent antiepileptic activity (49). Also, the antioxidant properties 
of  thymoquinone, the major constituent of  NS oil have been 
demonstrated to prevent oxidative injury during anischemia-
reperfusion injury in different organs in the rat (50, 51) These 
properties of  NS explain its antidotal, ameliorative, and 
antioxidant effects following exposure to many toxins including 
TMT.

CONCLUSION
Nigella sativa, an ancient and widely used herbal medicine, 
ameliorated the neurotoxic effects of  trimethyltin chloride in mice 
hippocampi via its probable free radical scavenging properties. 
Further studies are needed to achieve a convincing functional 
validation of  the specific role Nigella sativa plays in 
neuroprotection. With more extended research, NS promises a 
safe and effective regimen in the management and prevention of  
neuropsychiatric conditions.
In vitro and in vivo studies of  the neuroprotective effects of  Nigella 
sativa, focusing on the hypotheses regarding the mechanisms 

leading to early hippocampal neurogenesis and hence amelioration 
of  neuronal injury induced by the toxin is highly suggested. This 
will help in determining the neuropsychiatric conditions that 
Nigella sativa will have a meaningful contribution.
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