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Abstract 

Adolescence is a critical period of development in mammals characterized by risk-taking and 
adventures. The study was designed to evaluate the effects of exposure to hyoscyamine fraction of 
Daturastramonium seeds at adolescence on the hippocampus of adult Wistar rats. Fresh seeds of 
D.stramonium were procured, macerated and fractionated using high-performance liquid 
chromatography (HPLC). Twelve (12) adolescent Wistar rats with an average weight of 150±0.02 
grams of equal gender were used for the study. Equivalent body weight of normal saline and 800 
mg/kgbwt of hyoscyamine fraction of D.stramonium were orally administered for three weeks, from 
postnatal days (PND) 21-42.  At adulthood, the animals were tested for memory test using Morris 
water maze (MWM) and Novel object recognition test (NORT) paradigms. The data acquired were 
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expressed as mean ± SEM. Student’s-t-test and repeated measures ANOVA with Fisher’s multiple 
comparisons post-hoc tests were used to obtain mean differences using Minitab 17 (LLC., U.K.) 
statistical package software. P< 0.05 were considered statistically significant. Significant difference in 
the exploration time (p = 0.047), but nostatistically significant difference was observed (p = 0.648) in 
the Morris water maze test between groups. The CA1 region of the treated group showed significant 
cytoplasmic vacuolations, hyperchromasia and necrosis. In conclusion, adolescent exposure to 
hyoscyamine fraction of D. stramonium induces impairment of hippocampal cognitive function which 
may predisposes progression of neurodegenerative diseases at adulthood. 
 
Keywords: Adolescence, fractionation, hippocampus, hyoscyamine, memory 
 
 
 
Introduction 
Adolescence is a period of transition of physical and psychological development (Christie & 
Viner, 2005), and it heralded the vulnerability of stress and in some situations, opportunities 
to alleviate adverse effects of events experienced earlier during developmental processes 
(Dahl, 2004). In rats, the period lasts from the postnatal day (PND) 21 following birth until 60 
days of age (Tirelli et al., 2003; Adriani & Laviola, 2004). It is marked by significant hormonal 
and behavioural changes, as well as substantial alterations in structural and neurobiological 
remodelling, which occur together in the cortical and limbic circuits (Romeo et al., 2002). This 
change leads to cognitive, emotional, social, and sexual maturation (Spear, 2000; Sisk &Zehr, 
2005). The period of adolescence can be subdivided into three intervals, early- (pre-pubescent, 
PND 22-34), mid- (pubescent, PND 35-47) and late adolescence (sexually matured, PND 48-
60) (Laviola et al., 2003; Adriani et al., 2004). In addition to increased open field activity (Hefner 
and Holmes, 2007; Moore et al., 2011; Blaney et al., 2013; Molenhuis et al., 2014), increased food 
consumption which is accompanied by high energy expenditure (Moore et al., 2011) 
throughout all three stages of adolescence, studies have reported significant developmental 
changes also in the medial temporal lobe, specifically the hippocampus, which is responsible 
for learning and memory (Spear, 2000; Paus, 2005; Mills et al., 2014). Furthermore, it was 
demonstrated that adolescent mice (PND 26-28) often exhibit a highly flexible behaviour 
compared to adults (PND 60-70) in a multiple-choice reversal learning test (Johnson & 
Wilbrecht, 2011). Other changes reported include increased risk-taking (Laviolaet al., 2003) 
and sensitivity to drugs and alcohol consumption (Adriani et al., 2004; Hefner and Holmes, 
2007). 
 
The hippocampus is essential for the formation and retrieval of episodic and contextual 
memories in humans and animals. It is well established that that hippocampus is involved in 
the spatial layout and structural representation of an environment in both rodents and that 
cell loss or dysfunction in this area produces profound amnesia for newly acquired 
information (Anagnostaras et al., 1999; Squire et al., 2004; Frankland & Bontempi, 2005; 
Moscovitch et al., 2006; Wiltgen et al., 2006) and humans (Maguire et al., 1999, 2000) and also 
serves spatial memory processing (Guderian et al., 2015). 
 
Drug abuse is a major public health problem all over the world (UNODC, 2010). The use and 
abuse of drugs by adolescents have become one of the most disturbing health related 
phenomena in Nigeria and other parts of the world (NDLEA, 1997), and this have also been 
linked to progression of neurodegenerative disorders during adulthood (Nestler & Malenka, 
2004). Datura stramonium contains tropane alkaloids induces hallucinations and have also 
been implicated in the disorders of hippocampal development in rats (Ishola & Adeniyi, 2013).  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6028523/#B20
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6028523/#B21
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6028523/#B14
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The aim of the present study was to evaluate whether exposure to hyoscyamine fraction of D. 
stramonium at adolescence induces hippocampus damage and memory loss in adult Wistar 
Rats. The study may provide awareness to the government agencies such as National Agency 
for Food and Drug Administration and Control (NAFDAC) and National Drugs Law 
Enforcement Agency (NDLEA) to beam their searchlights beyond control and inhibition of 
the use of conventional drugs of abuse to also ethnomedicinal plants of abuse such as D. 
stramonium seeds. 
 
Materials and Methods 
 
Collection of plant materials, extraction and fractionation 
Ethical approval was obtained from the Ahmadu Bello University Committee on Animal Use 
and Care (ABUCAUC/2018/042). A fresh D. stramonium seed was procured from Sharada 
residential area of Kano Municipal Local Government, Kano State, Nigeria. The seeds were 
identified and a voucher number (VN108) was issued at the herbarium of the Botany 
Department, Faculty of Life Sciences, Ahmadu Bello University, Zaria, Kaduna state, Nigeria. 
The seeds were separated from the pods, washed thoroughly with clean tap water and air-
dried under shade. Two thousand grams of the dried seeds were weighed using a digital 
weighing machine, grounded to a pulp using an electronic blender. The pulverized seeds 
powder was cold macerated with 70% ethanol and partition-fractioned with A 5 ml portion 
of 10% sulphuric acid (H2SO4) using a modified Kamada et al (1986) and Djilani et al., (2006). 
The quantity of the fraction was obtained by the high-performance liquid chromatography 
(HPLC). Department of Pharmaceutical Chemistry, Faculty of Pharmaceutical Sciences, 
Ahmadu Bello University Zaria. 
 

 
Plate I: D. stramonium seeds plant (A), fruits(B), dried seeds (C) 
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Experimental Animals and Design 
Twelve (12) apparently healthy adolescent Wistar rats at postnatal day (PND) 21-42 
comprised of equal genders were procured from the Animal House of the Anatomy 
Department, Faculty of Basic Medical Sciences, Bayero University Kano. The animals were 
housed and allowed to acclimatize for two weeks at ambient temperature, with alternate day 
and night cycles natural condition. Rat chow (Vital feeds®) and tap water were made available 
to the animal’s ad libitum. The animals were randomly selected and divided into two groups. 
The first group received a single daily dose of equivalent body weight of normal saline while 
the treated group received 800 mg/kgbwt of hyoscyamine fraction of D. stramonium seeds 
orally for three weeks from (PND) 21-42. After the treatment, the animals were monitored to 
reach adulthood (PND) 60 – 75. 
 
Novel object recognition test 
The aim was to test short-term memory after administration of the hyosyamine fraction of the 
D. stramonium seeds. The test consisted of three phases i.e. (habituation, sampling and test) 
which was completed in two days. For each phase of this test, the open field arena was 
thoroughly cleaned with an unscented bleach germicidal wipe, 70% Ethanol followed by 
distilled water before initial use. A day before object exposure, the rats were habituated to the 
open field arena in a 50 x 50 cm wooden box. Before habituation session, a SONY® (Model 
DCR – PJ5E) digital and a video camera was used for a proper video covering of the rats in 
the maze. A rat at a time was gently removed from the home cage and placed in the centre of 
the arena. The video covering system was turned on and the rat was allowed to freely explore 
the arena for 10 minutes. At the end of every session, the arena thoroughly sanitized before 
next session began. This was repeated for all the rats until all got habituated the arena. The 
same protocol was observed during the sampling and test phases only that, two identical 
objects (A1 and A2) were used and two unidentical objects (A and B) objects for were used 15 
minutes respectively.  
 
Morris water maze 
The aim was to test spatial learning and memory ability. This was carried out for six 
consecutive days using a modified Morris method (1984). The apparatus consisted of a 
circular Aluminium tank of 100 cm diameter and 60 cm depth with an escape platform of 20 
cm long and 12 cm diameter, filled with a pool of clean water of about two-third of the tank 
at 22 – 25oC, deep enough to expose 2.54 cm (1 inch) of the platform above the water surface. 
A digital video device, SONY® (Model DCR – PJ5E) was suspended directly over the pool to 
capture the entire setup. The rats were trained for 5 days with a methylene-blue coloured 
water that submerged the platform about 1 inch under. A latency period of 60 sec was allowed 
for each to find the platform. This was repeated for all the rats at five different locations by 
changing the positions of the platform in the pool within the N, E, S, and W directions 
following Qing et al.(2008) protocol. The same protocol was observed during the test day 6, 
however, 30 second for trial and the escape platform was removed. The time taken for each 
rat to identify the usual position of the platform was recorded and while all videos recorded 
for the trials were analyzed for the escape latency. 
 
Animal Sacrifice and Histological Methodology 
The animals were euthanized using 75% Ketamine (10 mg/ml USP) anaesthesia, the brains 
were dissected, removed and preserved in Bouin’s fluid for histological procedures. The 
tissues were processed in the Department of Pathology, Ahmadu Bello University Teaching 
Hospital (ABUTH), Shika, Zaria, Kaduna state, Nigeria. The brain tissues were dehydrated in 
different grades of alcohol and cleared in xylene using an automatic processing machine 
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(Shandon Southern Duplex Processor). The tissues were then infiltrated with paraffin wax 
and blocked in the coronal plane. Serial sections of the blocks were taken at 8 μm with a 
(LeitzWetzlar) microtome, mounted on glass slides and allowed to dry overnight. The staining 
technique employed was hematoxylin and eosin in paraffin sections (Lillie, 1965). Sections 
were then observed under a light Olympus Binocular Microscope (Ch-20i, Uttar Pradesh, 
India) high magnifications (x 40) and micrographs were taken with the help of Celestron® 
eyepiece digital camera (EC 3.0 MP, China). Coronal sections of the hippocampus were 
observed in the treated rats and compared to the controls. 
 
 
Statistical Analyses 
The data were expressed as mean ± SEM. Independent two samples t-test and pairwise 
General Linear Model (GLM) of repeated measure ANOVA followed with Fisher’s multiple 
comparisons post-hoc was carried out to find the mean differences in the escape latency, 
exploration, discrimination and novelty preference time between groups using Minitab 17 
(LLC., U.K.) statistical package software. P< 0.05 were considered statistically significant. All 
figures and charts were constructed using GraphPad Prism 8. 
 
Results 
Figure 1 (above)shows the result of the test-phase in novel object recognition test experiment 
between the control and adolescent Wistar rats treated with a multiple dose of 800 mg/kgbwt 
hyoscyamine fraction of D. stramonium groups using two non-identical objects; a previously 
known object (A) and unknown (B) object. The control group spent a significant amount of 
time exploring the non-familiar (B) object (p = 0.047) than the time taken to explore the familiar 
(A) one. However, the treated group showed no statistically significant difference (p = 0.845) 
in the exploration time between the objects. 
 
Figure 1 (below) shows Morris water maze test in Wistar rats treated with equivalent body 
weight of normal saline and 800 mg/kgbwt hyoscyamine fraction of D. stramonium seeds. 
There was no statistically significant difference between the groups [F (1, 48) = 0.49, p = 0.487] 
or between the groups and days [F (5, 48) = 0.62, p = 0.685]. During the first and fourth days 
of the training, the two groups virtually had equal escape latency time with no statistically 
significant value (p = 0.713). In the first and third training days, the treated groups showed 
lesser escape latency times when compared to their respective controls on the same days and 
still not significant statistically (p > 0.05). Similar observations were made in the second and 
fifth days of the escape latencies (p > 0.05) although the control group had a shorter time. In 
the third and sixth day (probe) days, the treated groups spent lesser escape latencies which 
were not significant (p = 0.648) in comparison to their respective controls. 
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Figure 1. Novel object recogtion test (above) Morris water maze test (below) in Wistar rats 
following treatmentwith 800 mg/kgbwt hyoscyamine fraction of D. stramonium seeds at 
adolescence. No statistically significant (ns)(p = 0.648). 
 
Plates IIA & B shows photomicrographs of CA1 regions in the hippocampus of adult Wistar 
rats at 12th week after being treated orally with equivalent body weight of normal saline at the 
and 800 mg/kgbwt hyoscyamine fraction of D.stramonium at adolescence from the PND 28 – 
49 as control and treated groups respectively. The region in the control group showed normal 
histology of stratum oriens, (SO), stratum radiatum (SR), stratum lacunosum moleculare 
(SLM) and relatively normal pyramidal cell layer (PCL) density when compared to the treated 
group where, significant cytoplasmic vacuolations (black asterisks) with scattered, partly 
hyperchromic (black arrows) and apoptotic (black arrowhead) cells was observed in the 
region. 
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Plate II: A photomicrograph of CornuAmmonis (CA1) region of the hippocampus following administration of 800 
mg/kgbwt hyoscyamine fraction of D. stramonium seeds at adolescence. 

 
 
 
Discussion 
Reports by the European Monitoring Centre for Drugs and Drug Addiction (EMCDDA, 2017) 
have indicated an increased abuse of new psychoactive substances (NPS) by adolescents. 
Exposure to NPS during adolescence in man may have an impact on brain development and 
may lead to neuropsychiatric disorders in adulthood of man. Many drugs have been used for 
recreation purposes among adolescent and this includes cocaine (Estroff et al., 1989), ethanol 
(Spear, 2000). Datura stramonium is known for its psychoactive and anticholinergic properties 
(Das et al., 2012; Ujváry, 2014). The World Drug Report 2013 states a high lifetime prevalence 
rate of its use (2.6%) among adolescents (UN, 2013). Although, the escape latencies of the 
Morris water maze vary between groups but did not show significant difference between the 
groups on the test day. Both hippocampal and cortical lesions influence novel object 
recognition test paradigms (Clark et al., 2000; Buckmaster et al., 2004). The present study was 
similar to that of Olawepo et al. (2017), where a deficit in cognitive function was reported in 
adolescent rats following a single dose of atropine administration intra-peritoneally as 
compared with the control where, atropine was attributed to have affinity for rapidly dividing 
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cells (Shiu et al., 2007; Chia-hua et al., 2007, 2008; Li et al., 2009; Lingmei et al., 2010; Xia et. al., 
2011; Xia et al., 2012). The significant decrease in the memory observed was probably that 
generally, tropane alkaloids are believed to alter neurogenesis (Joels et al., 2004; Joosen, 2009), 
by either involved in the destruction of the neural precursor cells thus limiting their survival 
rate and interfering with the cholinergic transmission, causes impairment in learning and 
short-term memory in rodents and humans (Iversen, 1997). The deficit in cognitive memory 
seen in the adulthood indicates that altered brain function at adolescent has a profound effect 
on the function of adult brain. The findings of this study were strengthened by the earlier 
reports of Nestle and Malenka (2004), Giedd (2004),Winters (2008), and Olawepo et al. (2017), 
that shows that drug abuse in adolescent enhances progression of neurodegenerative 
disorders at adulthood. Surprisingly our finding shows that the spatial memory was not 
affected in the treated animal when compared to the control. In a related finding, Olawepo et 
al. (2017) reported that a single dose of atropine administration intra-peritoneally at 
adolescent for three weeks, had no significant effects on Y-maze spatial learning ability test at 
the adulthood of the Wistar rats. This probably is an indication that spatial memory 
processing is different from temporal working memory, as it is often reported in the case of 
victims of atropine poisoning that are shown to still have the ability to remember places where 
they have been, but have anterograde amnesia following the poisoning (Holzman, 1998). 
 
The hippocampus is important for memory based on careful studies in human patients with 
memory loss as a result of brain damage. The degree and type of memory deficits were 
correlated with the site of the brain lesion, as determined histologically, after autopsy. Such 
lesions involve the hippocampal formation as the most constant finding (Brodal, 2004). In the 
present study, the histology of the CA1 region of hippocampus in the treated group showed 
significant cytoplasmic vacuolations with scattered, partly hyperchromic and apoptotic cells 
was observed in the region. This was in tune with the similar results reported by Ekanem et 
al. (2016) where, ethanol extract of D. stramonium seeds found to cause atrophy of the axons 
and fibres, vacuolation, cell necrosis and cell losses in the pyramidal cells of the hippocampus. 
The study was also in consistent with the study carried out by Bihaqi et al. (2012) in which the 
histology of the cerebral cortex examined under light microscope showed increased neuronal 
loss, ghost cells, hemorrhage and vacuolated cytoplasm on treated rats that received daily 
intraperitoneal administration of scopolamine. The histological lesions observed could be 
attributed to the fact that various mediators can contribute to excitotoxin action, including 
production of reactive oxygen intermediates, nitric oxide, p53 and cytokines which could lead 
to a series of cascading events leading to cell losses in the hippocampus(Coyle & Puttfarcken, 
1993; Franklin et al., 1994; Ankarcrona et al., 1995; Morrison et al., 1996), since all tropane 
alkaloids of D. stramonium have a long duration of effect, cross the blood brain barrier and 
have central anti-cholinergic effects (Bania et al., 2004) which induce strong hypnosis and can 
also induce neurodegeneration (Hughes &Clark, 1939). 
 
 
Conclusion 
The study concluded that exposure hyoscyamine fraction of D. stramonium at adolescence 
induces hippocampal cognitive deficit and neural cell death which may predisposes 
progression of neurodegenerative diseases at adulthood 
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