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1. Introduction

   Carica papaya (pawpaw) is an evergreen shrub or small 
tree that grows better in full sun than in light shade. This 
tropical plant is a member of the family Caricaceae. They 
often grow to a height of 3-6 meters. The trunk is usually 
unbranched and crowed with large spirally arranged leaves 
that give the tree a palm-like appearance[1-3]. This family 
consists of 55 species[4]. Pawpaw leaf was documented to be 
used for treatment of toothache, tuberculosis, liver ailments, 
constipation, arthritis and rheumatism[5,6].
   A survey by Olley showed that pawpaw leaf is smoked with 
a believe that it has the ability to act on the central nervous 
system like cannabis[7]. Likewise in our earlier study[8], 
we reported that exposure to the smoke from papaya has 
anxiolytic effects using hole board and open field mazes. 

The present study is therefore a further study into the 
effects of pawpaw smoking on long term spatial memory and 
ultimately on the morphology of the hippocampus. Memory 
can be influenced by several factors, such as drugs and 
phytochemical agents[9-14]. Such agents include caffeine, 
cannabis, alcohol, tobacco and many others. The temporal 
lobes of the cortex, mammilary bodies and hippocampus 
are associated with the processing of long time memory[15-

18]. Diseases affecting these structures tend to lead to 
defective long term memory[19-21]. It is expected that results 
obtained from the Morris water maze and morphological 
analysis will provide information on the effect of smoking 
of papaya leaves on central nervous system function. Since 
some anxiolytic substances equally has effects on long 
term memory. The present study is therefore a further 
study into the effects of pawpaw leaf smoking on long term 
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Objective: To investigate the effects of smoking of dried leaves of Carica papaya (pawpaw) based 
on ethnopharmacological information which indicated that smoking of papaya leaves could 
influence motor performance and learning. 
Methods: Twenty-four rats were used for the study, and were grouped into four groups. Groups 1 
served as the control (not exposed to papaya leaves smoke), while Groups 2, 3 and 4 were exposed 
to smoke from 6.25 g, 12.50 g and 18.75 g of dry pawpaw leaves respectively in a smoking chamber 
twice daily for 21 d with each exposure lasting for 3 min. Lastly, hippocampus was harvested in 
each group for histological study. 
Results: The results showed that there were significant (P<0.05) increases in mean of recall 
latencies of long-term spatial memory in the animal administered the high dose while the other 
groups had significantly (P<0.05) lower frequencies. Histological investigation showed signs of 
mild neural degeneration in high dose group and hypochromic appearance of the Nissl substance 
in all treated groups. 
Conclusions: In conclusion, the findings from this study has demonstrated that smoking of  
papaya leaves has the ability to maintain an intact long-term spatial memory at all doses but 
retrieving such memory is faster with the low and medium dosages.  
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spatial memory and ultimately on the morphology of the 
hippocampus.

2. Materials and methods

2.1. Plant preparation

   Dry papaya leaves were collected at the outskirt of the 
University of Ilorin, Kwara State, Nigeria in April of 2010. 
The plant was earlier identified by T. K. Odewo and given 
a herbarium number FHI 106933 at the Forestry Research 
Institute of Nigeria when it was harvested for a previous 
study[5]. Forty pawpaw leaves were harvested and used for 
this study. The spines of the dry leaves were immediately 
removed so that only the blades of the leaves remained. 
Thereafter, the blades were reduced to small bits and 
subsequently packaged into various dosages. These dosages 
which corresponded with average weight of half leaf, whole 
leaf and one and half leaves are 26.94 g/kg (low dose), 53.88 g/
kg (medium dose) and 80.82 g/kg (high dose) respectively as 
previously explained[8].

2.2. Animals

   Twenty-four adult male Wistar rats of an average weight of 
(232±6) g were used for this investigation. They were housed 
and bred in the animal house of the Faculty of Basic Medical 
Sciences, College of Health Sciences, University of Ilorin, 
Nigeria. The animals were kept in standard cages with good 
ventilation and environmental conditions. Prior and during 
the research period, animals were allowed free access to 
feeds (mouse pellet) and clean water. Ethical guidelines 
of the College of Health Sciences, University of Ilorin on 
animal’s experiment were strictly followed. These guidelines 
are in accord with the internationally accepted principles for 
laboratory animal use and care[22].
   The rats were randomly grouped into four groups with six 
rats forming a group and were allowed to acclimatize for 7 
d. On the last day of acclimatization, each rat was trained 
to locate escape platform in the Morris water maze in 
accordance with Gouirand and Matuszewich in 2005[23]. After 
satisfactory learning, each group was labeled as follows: 
control group, low dose group, medium dose group and high 
dose group. Animals in the control group were subjected to 
all other conditions just as the other groups except exposing 
the animals to smoke from pawpaw leaf. The low dose group 
was exposed to smoke from dry pawpaw leaf of 26.94 g/kg 
(equivalent to 6.25 g). The medium dose group was exposed 
to smoke from dry pawpaw leaf of 53.88g/kg (equivalent to 
12.50g) while the high dose group was exposed to smoke 
from dry pawpaw leaf of 80.82g/kg (equivalent to 18.75g). 
Each rat in the tested groups (i.e. low dose, medium dose 
and high dose group) was exposed individually to smoke 
from dry papaya leaf in a smoking chamber. The smoking 
chamber was previously described[8], briefly the chamber 
had three column which were perforated so that smoke 

can get from one chamber to the other. The first chamber 
has an attached electric burner that burns the leaves used 
and the chamber itself acted as heat absorber, absorbing 
heat generated from the burner. The second chamber acted 
as the heat breaker, limiting the heat that gets to third 
chamber and the third chamber accommodates the rat used. 
At the top of the third chamber, there is an outlet of 5 cm 
in diameter through which the smoke escape into the air. 
Exposure duration was 3 min twice per day (n=6), and the 
procedure (exposure to papaya smoke) was repeated for 21 
d[8].

2.3. Memory test

   In the Morris water maze test, the maze used was a 
prototype of the original Morris’ water maze. The original 
Morris water maze test was 214 cm in diameter. It can be 
described as a round tank (pool) of water with a depth of 0.6 
m containing 0.3 m pool of water. The escape platform was 10 
cm in diameter and it was painted white. The platform was 
1/4 inches below the water and was not too close to the side 
of the tank, to prevent the rat from finding it by just circling 
around the poolside[24,25].
   The pool and platform were coloured white using skim 
milk powder (for stopping the rat from seeing through the 
water). The platform was maintained in the same position 
throughout the period of the research. The long-term spatial 
memory of the animals was evaluated by placing each 
animal in the pool at any side of the tank but not near to 
the platform. The time taken for each animal to find and 
stand on the escape platform was documented using a stop 
clock. At the end of memory test in a Morris water maze, one 
animal in each group was sacrificed by cervical dislocation 
and the brain was removed and fixed in 10% formol calcium. 
Hippocampus was harvested from each brain for histological 
study using Hematoxylin & Eosin stain and Cresyl fast 
violet stain. These stains have a rich documentations of 
been used to investigate cellular morphology and the 
appearance of Nissl substance in the cells respectively[26,27]. 
The histological studies were done in the Laboratory of 
Department of Chemical Pathology, University of Ilorin, 
Nigeria.   

2.4. Statistical analysis 

   In this study, values were expressed as mean依standard 
error of mean (SEM) and analysis was carried out by using 
One-way analysis of variance (ANOVA) at a statistical 
significant level of P<0.05.

3. Results

3.1. Effect of smoke from pawpaw leaf on long-term spatial 
memory in the Morris water maze

   The result of the Morris water maze test (Table 1) shows that 
spatial and long term memory recall duration significantly 
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(P<0.05) reduced in the low and medium dose groups and 
significantly (P<0.05) increased in the high dose group.
Table 1
Effect of pawpaw leaf smoke on long-term spatial memory in rats 
using Morris water maze test. 
Group Recalling latencyb

Control 10.00依0.36  
Pawpaw (6.25 g)   8.00依0.44*

Pawpaw (12.25 g)   9.00依0.25*

Pawpaw (18.75 g) 16.00依0.13*

bEach value is the mean依SEM of six rats in seconds for the duration 
spent before mounting the escape-platform; pawpaw *P<0.05 
compared with control.

3.2. Effect of smoke from pawpaw leaf on hippocampal cells 
and Nissl substance 

   Using hematoxylin and Eosin stain, histological 
investigation of hippocampus shows normal cells 
distribution and arrangement in the control (Figure 1), low 
dose and medium dose groups (Figure 2 and 3). Some cells 
in the low and medium dose groups were characterized 
with large perinuclear space. In the high dose group (Figure 
4), there were obvious disrupted magnocellular layer and 
vasculations in the neural cells of the hippocampus. 
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Figrue 1. Control group-Hippocampus (伊160), using H&E stain. Control group 
cells are normal in term of cells morphology, arrangement and distribution. In 
addition, cells are normochromic in appearance. 
 N-Neural cell.

Figure 2. Low dose group-Hippocampus (伊160), using H&E stain. Cells in 
hippocampus tissue of low dose group are also normal in term cells morphology, 
arrangement and distribution. However, appearance is hypochromic.
N: Neural Cell, PN: Perinuclear space.
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Figure 3. Medium dose group-Hippocampus (伊160), using H&E stain. In 
the Medium dose group, cells in the hippocampus tissue have normal cells 
morphology, arrangement and distribution. Cells also appeared hypochromic.
PN: Perinuclear space N: Neural cell.
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Figure 4. High dose group-Hippocampus (伊160), using H&E stain. In the 
High dose group, hippocampus cells were characterized with disrupted 
magnocellular layer and vasculations suggesting mild neural degeneration.
N: Neural cell, NL: Neural lesion, PN: Pernuclear space.

   Using cresyl fast violet stain, the Nissl substance in 
the smoke exposed groups showed changes in staining 
properties (hypochromia) compared to the control group 
(Figure 5). This hypochromic appearance is more obvious in 
the high dose group (Figure 6) than the low dose and medium 
dose groups (Figure 7 and 8 ).

Figure 5. Control group-Hippocampus (伊160), using CFV stain. Nissl 
substances were normally stained and were well distributed. 
N-Neural cell.
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Figure 6. High dose group-Hippocampus (伊160), using CFV stain. There was 
complete layer disorganization of hippocampus tissue and obvious decrease in 
nissl substances.  
N-Neural cell.
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Figure 7. Low dose group-Hippocampus (伊160), using CFV stain. Nissl 
substance was normally stained and was well distributed though it is 
hypochromic in appearance.
N-Neural Cell.
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Figrue 8. Medium dose group-Hippocampus (伊160), using CFV stain. Normal 
tissue was observed but with reduced nissl substances and disrupted distribution.
N-Neural Cell.

4. Discussion

   The Morris water maze was first described about 29 
years ago, it is a device that has stood the test of time for 
investigating spatial learning and memory in laboratory 
rats[25]. In recent time, it has become one of the most 
frequently used laboratory tools especially in behavioral 
neuroscience[28].
   In this study, reintroducing the animals back to the MWM 
after days of exposure to smoke emanating from papaya 
leaves showed that the animal’s long-term spatial memory 
was intact in the treated groups. In fact, long-term spatial 
memory in both the low and medium dose groups appeared to 
be improved. This was deduced from the observed retrieval 
duration of long-term spatial memory that was significantly 
decreased when compared with the control group. For the 
high dose group, however, the retrieval duration of the long-
term spatial memory was significantly increased compared 
with the control group. In other words, animals in the high 
dose group exhibited delay in getting to the hidden platform 
compared to the control group. Nevertheless, the fact that the 
animals were able to locate and mount the escape-platform 
proved that the memory of the animals were intact. The only 
explanation for this is that the smoke from papaya leaves 
probably reduced the anxiety of the animals in the water and 
therefore decreased the desire to escape even though the 
animals knew where the escape platform was located. This 

is in accordance with the result of our previous study on the 
leaves of the plant[8]. Alternatively, there may be lesion in 
fimbria-formix due to the effect of the smoke, this in turn 
may render the hippocampus dysfunction[29]. Eichenbaum 
et al. demonstrated that fimbria-formix lesioned rats were 
indeed slower in acquiring the hidden platform task than the 
control rats[30]. In the present study, histological investigation 
on fimbria-formix was not carried out to ascertain this. 
Lesion of the hippocampus can also account for this delay, 
Pearce et al. reported that hippocampus-lesioned rats 
could still locate a hidden-platform if it was always at the 
same distance and direction from a visible landmark and 
this demonstrated that the ability to use heading vector was 
preserved[31]. The first reason for anxiolytic effects of smoking 
papaya leaves appears to be true for these animals, this is 
supported by observations which shows that animals exposed 
to smoke from high dose of leaves were less anxious than 
other groups as previously reported[8].
   Histologically, smoking of papaya leaves led to a change 
(hypochromia) in the staining properties of the cells and Nissl 
granules in the groups exposed to smoke from minimal and 
moderate doses of papaya leaves despite the fact that cells 
structure and arrangement are the same with the control 
group. This is an indication that the cells are less active and 
may produce lesser amount of neurotransmitters in these 
groups. Furthermore, perinuclear space of the nucleus in 
some of the neural cells were seen to be larger than the 
control group. This is believed to be swelling and it has 
been linked with an onset of necrosis[32-34]. Thus, there is a 
probability that actual neural degeneration might occur if 
animals’ exposure to the smoke continued longer than the 
21 d used in this study. In the group exposed to smoke from 
high dose of pawpaw leaves, the hippocampal cells were 
marked with obvious reduction in Nissl substances, disrupted 
magnocellular layer and vasculations which is suggestive 
of mild neural degeneration. However, despite the observed 
histological changes, all animals exposed to smoke from 
pawpaw leaves were able to navigate their way to the escape-
platform even with better performance by those exposed to 
smoke from minimal and medium doses of the leaves. As 
shown in the result, Group 2 and 3 escaped faster than the 
Group 1 while Group 4 was slower than Group 1.
   The results from Morris water maze and the histological 
observations in this study is not in agreement with the 
findings of Clark et al. Clark et al. argued that even if rats 
were trained daily for 90 d and hippocampus lesion was 
induced on the 100th d after completing the training, remote 
spatial memory in water maze would be impaired[35]. It is 
surprising that hippocampus lesion can cause remote spatial 
memory impairment in rats especially when considering 
the fact that man with extensive hippocampal lesion can 
still mentally navigate his way around his childhood 
environment[36]. It’s still surprising that rats that failed the 
water maze test were able to perform wonderfully in the other 
remote spatial memory tests[37,38]. Our study is in agreement 
with the findings of Squire et al[24]. In their studies, recent 
memory was tested a day after the training and the remote 
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memory was tested 30 d after the training, they observed that 
the recent memory was impaired while the remote memory 
was intact after hippocampal lesion. This explains why all 
the animals exposed to pawpaw smoke were able to navigate 
to the escape-platform despite the observed histological 
changes in their hippocampal cells. Thus our study joins 
the queue of other studies which concluded hippocampus 
is not necessary for mental navigation of remotely learned 
environments[36], and it will be correct to say after learning, 
memory becomes gradually separated or independent of 
hippocampus with time. 
   The previously[5] identified active agents in papaya include 
the following saponins, cardiac glycosides, anthraquinones 
and reducing sugars, flavonoids, tannins, alkaloids (including 
carpain and pseudocarpain) flavonols, glycosides and 
phenolics[39-41]. Other constituents reported by Gill include 
nicotinic acid and tocopherol[39]. One (especially nicotinic 
acid) or a combination of these active ingredients might 
be responsible for the effect of the smoke on the animals. 
Further studies are required to investigate fully and isolate 
each biochemical agent or metabolite. 
   In conclusion, this investigation shows that smoke from 
dry pawpaw leaves has no detrimental effect on long time 
and spatial memory. At low dosage, it might be useful in 
enhancing memory but at high dose this effect is obliterated 
in a seemingly non detrimental manner. This may be the 
reason why the pawpaw leaves smokers are fond of it, 
so further research is encouraged in order to unravel the 
toxicological effects of smoking dry pawpaw leaves.
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Comments 

Background
   The effects of smoking of agents such as tobacco and 
cannabis on memory have been reported in literature. 
Several structure in the brain are said to be associated 
with the processing of long time memory and this include 
hippocampus. The literature review reveals that papaya 
leaves has anxiolytic substance. Anxiolyotic substance may 
affect long term memory. Nicotinic acid is one part of the 
constituents of papaya and this is the major constituent in 
tobacco that has been reported to affect memory.

  Research frontiers
   Studies are being performed in order to determine the 
effects of smoking papaya leaves on long time and spatial 
memory in rats. 

Related reports
   The results from Moris water maze and histological 
observation in this study is not in agreement with the findings 
of Clark et al.(2005). Clark et al. argued that even if rats were 
trained daily for 90 d, hippocampus lesion induced in the 
100th day, will impaired remote spatial memory in water 
maze. Even these rats were able to perform wonderfully in the 
remote spatial memory tests. This is however in agreement 
with the findings of Squire et al.(2004).

Innovations and breakthroughs
   Data from this studies shows that smoke from dry pawpaw 
leaves has no detrimental effect on long time and spatial 
memory. At low dosage, it might be useful in enhancing 
memory.
  
Applications
   The effect of smoke from dry pawpaw on long term spatial 
memory is important because people are fond of it without 
proper understanding of its toxicological value. And like 
other agents such as cannabis, tobacco, it may affect 
neurobehaviour.     

Peer review
   This is a good study, in which the author evaluated the 
effects of smoke of papaya on the long time and spatial 
memory. The results are interesting and suggested that at 
low dose, smoke of papaya might be beneficial to people who 
smoke it. 
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