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INTRODUCTION

Malus domestica (apple) belongs to family Rosaceae (rose 
family), and cultivated in Asia, Europe and North America. 
Today, apple has become a widely cultivated fruit. Apart 
from its common use as food, apple has been proven to 
have strong antioxidant property.1 Apple has been reported 
to be benefi cial in weight management,2,3 prevention of  
cardiovascular disease,4-6 reducing the risk of  developing 
lung cancer,7 reducing the frequency of  asthmatic attacks and 
reduce bronchial hypersensitivit.8-10 Additionally, apple intake 
has been linked to reduced risk of  developing type 2 diabetes 

mellitus;11 little wonder the old proverb, “an apple a day keeps 
the doctor away”.

Formalin is a solution of  formaldehyde gas (obtained by 
oxidation of  methanol) in water. A saturated solution of  
formaldehyde contains about 40% by volume, or 37% by 
weight, of  the gas.12 Formaldehyde in aqueous solution 
is unstable and tends to polymerize, forming larger 
molecules that are insoluble and therefore precipitate out 
of  the solution. For this reason, methanol, which prevents 
polymerization, is added to the solution. Formaldehyde 
also occurs naturally in the environment. It is produced in 
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(p<0.001) higher in Formalin+M. domestica group compared to formalin treated and M. 
domestica treated group. Formalin+M. domestica group showed a dose dependent increase 
in contraction of isolated rat ileum when acetylcholine was administered, and a signifi cantly 
(p<0.001) lower percentage relaxation in response to atropine administration, compared to 
formalin treated and M. domestica treated group. Small intestinal transit was signifi cantly 
(p<0.05) reduced in formalin treated and M. domestica treated group, compared to control. 
It was also signifi cantly (p<0.05) reduced in formalin+M. domestica group compared to 
formalin treated and M. domestica treated group. Conclusion: Malus domestica reverses 
formalin induced decrease in small intestinal motility and transit and may be benefi cial in 
treating constipation occasioned by ingestion of formalin.
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small amounts by most living organisms as part of  normal 
metabolic processes.12

Formalin is used as an embalming fluid and for the 
preservation of  animal specimens and tissue samples.13-15 
It is also used, generally in a much more dilute form, as a 
disinfectant, and anti-bacterial and in aquariums for treating 
parasite infections in fi sh.14,15 The disinfectant properties 
of  the solution are due to the presence of  formaldehyde, 
which also gives it a pungent, irritating smell.

The United States Environmental Protection Agency 
(EPA) classified formaldehyde as a probable human 
carcinogen, when exposed to conditions of  unusually 
high contact.16-18 Since then, some studies on humans have 
suggested that formaldehyde exposure is associated with 
certain types of  cancer.19-21 When exposed to formaldehyde, 
some individuals may experience various short-term effects. 
Formaldehyde has been classifi ed as a known human 
carcinogen (cancer-causing substance) by the International 
Agency for Research on Cancer and as a probable 
human carcinogen by the United States Environmental 
Protection Agency. Research studies of  workers exposed 
to formaldehyde have suggested an association between 
formaldehyde exposure and several cancers, including 
nasopharyngeal cancer and leukemia.12-14

Intestinal motility and transit are important indicators of  the 
functionality of  the small bowel. Delayed or accelerated transit 
have been implicated in the pathogenesis of  constipation 
and diarrhoea, respectively.22 A number of  gastrointestinal 
hormones affect small intestinal transit by infl uencing gastric 
emptying and intestinal motility.23 Cholecystokinin (CCK) for 
example, secreted by I - cells of  the small intestine in response 
to the presence of  acid rich chyme inhibits gastric motility 
and increases intestinal motility.23 To this end, ingested food 
materials rich in fatty acids, peptides and amino acids will 
increase small intestinal transit. 

In Northern Nigeria, formalin is consumed by a greater 
population of  the youths in a mixture with energy drinks; a 
combination nick named “Madaran Sukudai”.24 The youths 
have linked the combination to increased alertness. In view 
of  the above health hazards associated with formalin contact 
or ingestion, it became important to ascertain its effect on 
small intestinal motility and transit, and to ascertain the 
impact of  treatment with extract of  Malus domestica on same.

MATERIAL AND METHODS

Plant Material and Preparation of Methanolic Extract
Fresh green Malus domestica (apples) weighing 70 - 100 g 
were purchased from apple vendors in Calabar, Nigeria. 
The apples were rinsed with clean water to remove debris 

and sand, after which they were cut into slender slices and 
dried in AstellHearson oven at 45°C. The dried sample 
was ground to powder using an electric grinding machine 
to obtain a weight of  320 g. The ground apple was 
homogenized with 1535 ml of  methanol, after which it was 
fi ltered using Whatman’s fi lter paper and the exudate was 
then refrigerated for 48 hrs for further homogenization. 
At the end of  48 hrs, the extract was heated using an 
electric hot plate to allow for evaporation of  the methanol. 
After complete evaporation of  the methanol, the pasty 
extract was then introduced into a sterile sample bottle 
and preserved in the refrigerator. The stock solution was 
prepared by dissolving 15 g of  the extract in 10 ml of  distil 
water to obtain a concentration of  1500 mg/ml, and stored 
in the refrigerator at 4°C until required for use. The median 
lethal dose of  the extract was carried out by method of  
Lorke, (1983)25 and found to be non toxic at the highest 
tested dose of  1600 mg/kg. The dosage of  40 mg/100g 
was adopted for this study.

Animal Preparation and Protocol
Twenty albino Wistar rats weighing 180 - 200 g were used for 
this study. Animals had access to food and water ad libitum, 
and were placed in well ventilated cages, exposed to normal 
temperature and 12/12 hours light/dark cycle. After 
fourteen days of  acclimatization, the animals were randomly 
divided into four groups of  fi ve animals each. The groups 
were labeled and treated as follows: Group 1 - control 
group, group 2 - formalin treated group, group 3 - control 
animals administered Malus domestica, group 4 - formalin 
treated group administered Malus domestica. 

Formalin treatment
Formalin treatment began after acclimatization. Formalin 
was orally administered to group 2 and 4 at a dose of  
2.5 mg/100g. Administration was facilitated by the use of  
a syringe and orogastric tube. The syringe and oragastric 
tube used for formalin administration was different from 
that used to administer methanolic extract of  M. domestica 
to avoid contamination.

Extract administration
After acclimatization, administration of  methanolic extract 
of  Malus domestica commenced in group 3 and 4. Group 4 was 
administered methanolic extract of  Malus domestica along 
side formalin. The dosage of  methanolic extract of  Malus 
domestica used in this study was 40 mg/100 g. All experiments 
were performed in accordance with the ethical standards laid 
down in the 1964 declaration of  Helsinki.

Determination of Small Intestinal Transit
Intestinal transit was measured using the method of  
Uwagboe and Orimilique,26 and modifi ed by Nna et al.27 
The rats in the different experimental groups were starved 



Oka, et al.: M. domestica mitigates derangement in GI motility

Asian Journal of Medical Sciences | Jul-Sep 2014 | Vol 5 | Issue 3 47

for 24 hours but were allowed access to water. Starving 
the animals was employed to clear the bowel of  all food 
materials. 10 g of  activated charcoal was thoroughly mixed 
with 1 g gum Arabic in 100 ml of  distil water to serve as 
the marker substance. Each animal was gavaged with 2 ml 
of  the marker substance, orally using a metallic (8 cm long) 
intubating syringe. The animals were timed for 60 min each. 
At the expiration of  each 60 min, the rats were introduced 
into a confi ned chamber with 30 % of  the chamber’s 
volume containing CO2 from a compressed gas cylinder 
(CO2 - euthanesia).27 As soon as righting refl ex was lost 
for more than 30 seconds, the animal was removed from 
the chamber and cervical decapitation employed to ensure 
death. The abdomen was immediately cut open through the 
linea alba to minimize bleeding. The duodenum was then 
identifi ed as the continuation of  the pyloric sphincter while 
the ileocecal sphincter was also prominent at the cecal end. 
The duodenum was cut away from the pyloric sphincter and 
the ileum was also cut at the ileocecal sphincter. The small 
intestine was immediately straightened and the location of  
the marker was clearly visible along the small intestine. A 
thread was used to tie the intestine at the point where the 
marker stopped. The total length of  the intestine and the 
length travelled by the marker were measured and recorded 
with the help of  a measuring tape.

The intestinal transit was calculated as:

Length travelled by black marker substance
Total length of ssmall intestine

×100

The values were recorded and differences analyzed 
statistically.

Determination of Small Intestinal Motility
The rats were starved 24 hours prior to experiment. The 
animals were sacrifi ced by stunning and incision quickly 
made through the linea alba to expose the intestine. The 
proximal ileum was located and isolated, then placed in a 
container of  tyrode solution and aerated. The ileum was 
then cut into 3 cm long segments, and mounted at one 
end to a fi xed support in an organ bath. The other end of  
the ileum was fi xed to a horizontal balance writing lever 
tangential to a kymograph drum. The tissue was allowed 
to equilibrate for 60 minutes during this period the bathing 
solution was replaced with tyrode solution at 15 minutes 
interval to avoid accumulation of  metabolites. The tissue 
was later challenged with graded doses of  acetylcholine 
(10-4 to 10-10 mg) and later with atropine (0.1 mg), at an 
interval of  1 minute per administration.

Statistical Analysis
All results are presented as mean ± standard error of  
mean (SEM). Data were analyzed using one way ANOVA, 

followed by the least signifi cant difference (LSD) procedure 
for signifi cant F values, P = .05 was considered signifi cant. 
Computer software SPSS and Excel Analyzer was used for 
the analysis.

RESULTS

Basal Height of Contraction in the Different 
Experimental Groups
The mean basal height of  contraction was 4.8 ± 0.3, 2.1 
± 0.1, 2.6 ± 0.1 and 4.8 ± 0.3 mm for control, formalin, 
M. domestica and formalin + M. domestica group respectively. 
Basal height of  contraction was signifi cantly (p<0.001) 
lower in the formalin treated and M. domestica treated group, 
compared to control. Basal height of  contraction was 
signifi cantly (p<0.001) higher in formalin + M. domestica 
group, compared to formalin treated and M. domestica 
treated group (Figure 1).

Effect of Graded Doses of Acetylcholine (Ach) on 
Intestinal Motility in the Different Experimental Groups
The response to graded doses of  acetylcholine with 
concentration of  10-9 to 10-4 g/ml by the isolated rat 
ileum of  the control, formalin, M. domestica and formalin 
+ M. domestica group is shown in fi gure 2. At low doses, 
there was a gradual relaxation of  the ileum in the formalin 
treated group, followed by a gradual increase in contractile 
response of  the ileum at a concentration of  10-7. At low 
concentrations, there was reduction in isolated rat ileum 
contraction in M. domestica treated group. The contractions 
gradually increased at a concentration of  10-8.

The isolated rat ileum in the formalin + M. domestica group 
showed an increase in contraction from the onset of  Ach 

Figure 1: Comparison of basal heights of contraction in the 
different experimental groups. Values are mean ± SEM, n = 5.
***p<0.001 vs control; c = p<0.001 vs formalin; z = p<0.001 vs M. domestica
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administration. The extent of  increase in contraction in 
this group was directly proportional to the dose of  Ach 
administered (Figure 2).

Effect of Atropine on Intestinal Motility in the Different 
Experimental Groups
The percentage decrease in contraction of  the isolated 
rat ileum following atropine administration was 52.5 ± 
4.8, 207.5 ± 14.9, 195 ± 9.6 and 8.8 ± 11.3% for control, 
formalin, M. domestica and formalin + M. domestica group 
respectively. Percentage decrease in contraction was 
signifi cantly (p<0.001) higher in formalin and M. domestica 
treated groups, compared to control and formalin + M. 
domestica groups. Percentage decrease in contraction was 
signifi cantly (p<0.001) lower in formalin + M. domestica 
group compared to formalin treated and M. domestica treated 
group (Figure 3). 

Intestinal Transit in the Different Experimental Groups
The mean value of  percentage transit for control, formalin, 
M. domestica and formalin + M. domestica group was 41.1 + 
1.5, 28.1 + 3.7, 30.9 + 4.0 and 38.7 + 1.7 % respectively. 
Percentage transit was signifi cantly (p<0.05) lower in the 
formalin and M. domestica treated groups, compared to 
control. Formalin + M. domestica group had a signifi cantly 
(p<0.05) higher percentage transit, compared to formalin 
treated group (Figure 4).

DISCUSSION

The prevalence of  gastrointestinal (GI) motility and 
transit disorders is high in the general population, and the 
symptoms of  disturbed GI motility are often a signifi cant 
problem in patients with other medical problems.28,29 

In Northern Nigeria, formalin is consumed in combination 
with energy drinks, a combination named Madaran Sukudai, 
also called “soak and die”. Physico-chemical analysis has 
been carried out on Madaran Sukudai (a local drink in 
Northern Nigeria), diluted Madaran Sukudai and pure 
formalin. Both the infrared and UV visible spectroscopic 
studies on the three solutions revealed that Madaran 
Sukudai is essentially a dilute formalin solution.24 Ingestion 
of  formalin leads to irritation and burns of  the mouth and 
throat, ulceration in the fore stomach and hyperplasia in 
the glandular stomach of  rats.30

Oral administration of  formalin to the formalin treated 
group (group 2) signifi cantly reduced the basal height 
of  contraction of  rat ileum (Figure 1). Administration 
of  methanolic extract of  M. domestica to the M. domestica 
group (group 3) also signifi cantly reduced basal height 

Figure 3: Decrease in contraction of rat ileum in response to atropine 
in the different experimental groups. Values are mean ± SEM, n = 5. 
***p<0.001 vs control; c = p<0.001 vs formalin; z = p<0.001 vs M. domestica

Figure 4: Comparison of percentage intestinal transit in the 
different experimental groups. Values are mean ± SEM, n = 5.
*p<0.05 vs control; a = p<0.05 vs formalin

Figure 2: Contraction of rat ileum in response to graded concentrations 
of acetylcholine in the different experimental groups. Values are 
mean ± SEM, n = 5
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of  contraction of  the isolated rat ileum. However, when 
M. domestica was co-administered with formalin (group 4), 
the basal height of  contraction was signifi cantly increased 
to levels observed in the control group. 

Chemical agents like acetylcholine (Ach) and atropine, 
that are known to infl uence gastrointestinal contraction 
were used in this study. Ach signifi cantly raised the tone 
of  contraction of  the isolated rat ileum in group 2 and 3, 
after recording an initial decrease in contraction with low 
doses. Formalin + M. domestica group showed a continuous 
increase in contraction of  isolated rat ileum, following Ach 
administration (Figure 2). Addition of  atropine - an anti 
cholinegic drug, resulted in a high percentage decrease in 
contraction in groups 2 and 3, compared to control, with 
no signifi cant difference between group 2 and 3 (Figure 3). 
Percentage decrease in contraction of  isolated rat ileum 
was signifi cantly lower in formalin + Malus domestica group 
(group 4), compared to control.

Intestinal transit which is dependent on the rate and 
force of  smooth muscular contraction of  the gut,27 was 
signifi cantly reduced in formalin treated and M. domestica 
treated group compared to control. Although the 
percentage transit was lower in the formalin treated group 
compared to M. domestica group, the difference was not 
signifi cant. Co-administration of  formalin and M. domestica 
(formalin + M. domestica group) signifi cantly increased the 
small intestinal transit compared to formalin treated and 
M. domestica treated groups (Figure 4).

Phytochemical studies on M. domestica (apple) has shown 
that it contains carbohydrates, flavonoids, phenols, 
tannins, terpenoids, phlobatannins, cardiac glycosides 
and vitamins.31 Apples have been reported to possess 
antioxidant activity.1,2 The enhancement in percentage 
transit observed in the formalin + M. domestica group may 
be traced to the antioxidant activity of  M. domestica, which 
attempts to reverse the detrimental effects of  formalin 
ingestion on the gastrointestinal tract. 

CONCLUSION

Malus domestica reverses formalin - induced decrease in 
small intestinal motility and transit and may be benefi cial 
in the treatment of  constipation reported in individuals 
who ingest dilute formalin.
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