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Effects of Honey on Stress-Induced Ulcers in Rats
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ABSTRACT. The effects of honey on stress-induced ulcers were examined in
rats. Stresswasinduced by usingthe Strainand Water Immersion technique(6
hours). Ulcerincidenceand severity werequantified by an ulcer index.A hon-
ey solution, which consisted of 40% honey in water, was administered orally
in dosevolumesof 1,3,5,7 and 14ml/kg,20 min beforestressinductionin 48
hr-fasting rats. Control rats received equivalent volumes of a Honey Control
Solution (HCS). The systemiceffectsof honey on stressinduced ulcers were
examined by intrgperitoneal injection of honey (3.5 mi/kg) 10 min. before
stressinduction. The effect of a honey solutionon gestro-intestina tract motil-
ity wasexamined by using a charcoal meal incorporated with honey or HCS.
Results show that intraluminal honey administration lowers the incidence of
stress-induced ulcersby 1500 reldive to that of control rats who received sa-
line (X2 =3.1, P = .07). Rats pretreated witha honey solution (3, 5, 7 and 14
mi/kg) showed a significantly lower ulcer index than HCS-pretreated rats (P <
.05). Incorporation of honey into a charcoal meal lowersOJ.T. stress-induced
hypermotility by 37.80/0 of matched control received salineincorporated char-
coal meal. It was concluded that intralumina administration of honey de-
creasesthe severity of stress-induced ulcersin rats.
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Introduction

The incidence of upper gastrointestina bleedingdue to stress-induced ulcersis estimat-
ed at 5-25% depending on the criterig[l]. The exact causesfor stress-induced ulcers are
poorly understood. Several theories were suggested to explain the etiology of stress-
induced ulcers in Intensive Care Unit (ICU) patients. These include: inadequate blood
flow to the gastric mucosa, nutritional impairment, and an excessive increasein gastric
acid secretion.
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Prophylactic therapy with H2-antagonist or antacids has little or no effect on the in-
cidence of mucosal lesions seen soon after admission to the ICU[2-4) Also, Ho_
antagonist, antacid, and sucralfate could complicate the clinical condition with serious
side effectd5-8]. For some time, honey was implicated as a therapy for peptic ulcersin
folk medicine. Scientifically, honey was reported for its ability to enhance the healing
of topical woundg2,4,9]. Recently, Abu et al!'@found that honey prevents indomethacin-
induced ulcers and decreases the severity of acohol-induced ulcersin raq3]. However,
it is unknown whether honey has a prophylactic effect against stress-induced ulcers.
Therefore, the aim of the present work is to examine the effects of honey on stress-
induced ulcersinrats.

Materials and Methods

Animals. Male Wistar rats (150-190 g) supplied by the Animal Unit at King Fahad
Medical Research Centre, Faculty of Medicine & Allied Sciences, King Abdulaziz Uni-
versity, were used in this work. Rats were housed in groups of five. Rats were under
controlled conditions at a temperature of 32°C and a lighting cycle (12 +12 hr.) of
18.00-6.00 hr. dark and 6.00-18.00 hr. light. Rats were given standard food and water.
Food was withheld for 48 hr. before stress induction, during which time they were
maintained on a drinking solution consisting of 8% (v/v) sucrose in saline. The solution
was removed one hr. before the experiment. During fasting, rats were kept in starvation
cages with araised, wide-wire mesh floors to prevent coprophagy.

Materials: Pure, unboiled, commercial honey (known as cider honey) was used in
these experiments. Authenticity of honey was tested in this lab; it showed a dextrose:
fructose ratio of 0.94. Honey was diluted with distilled water (1: 3 v/v). A solution con-
sisting of glucose, fructose, sucrose, and maltose (31, 38,1.3 and 7.3 g%, respectively)
was used as the HCSI 19,

Stress induction: The 48-hr. fasting rats were placed individually into close-fitting,
tubular, perplex cages after which they were immersed in water at 19°Cl6). After 6 hours
the animals were killed by a firm blow to the head and their stomach was dissected,
opened aong their greater curvature, and gently rinsed under running water. Gastric
mucosal damage was measured under a dissecting microscope. The following scoring
system[5] was used to grade the incidence and severity of the lesions:. (i) shedding epi-
thelium = 10, (ii) petechia and frank hemorrhage = 20, (iii) one or two ulcers
= 30, (iv) many ulcers = 40, and (v) perforated ulcers =50.

Experiment protocol: Fasting animals (48 hr.) were alocated at random to four
groups of 16rats each. A honey solution in dose volumesof 1, 3.5, 7 and 14 ml/kg was
administered orally to rats in groups 1, 2, 3, and 4, respectively, 20 min before stress in-
duction. Matched control rats received equivalent volumesof the HCS. The systemic ef-
fects of honey on stress-induced ulcers were examined by injection of a honey solution
(3.5 ml/kg intraperitoneally (IP», into the 48-hr-fasting rats (n =7) 10 min before stress
induction. Control rats received equivalent volumesof HCS (n =5) or saline (n =4).

Gastrointestinal tract motility: GIT motility was determined by the use of an ora
charcoal meal as a marker. The charcoal meal consisted of one part charcoal, two parts
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plain white flour, and six parts saline. To determine the GIT motility in unstressed rats,
48-hr fasting rats (n = LO), were given a charcoa meal (2mUrat) and |eft aside in their
original cages for 25 min. Immediately after, the rats were killed and the distance trav-
elled by the charcoal aong the small intestine was determined and expressed as a per-
centage of total intestinal length. These rats were regarded as the unstressed control
group. To determine the effects of honey on G.I.T motility in stressed rats, 48-hr fasting
rats were allocated at random to the following oral administration conditions: (i) a hon-
ey incorporated charcoal meal in which a honey solution replaced saline in the charcoal
meal, (ii) acharcoal meal incorporated with the HCS solution, and (iii) a charcoa meal
incorporated with saline (n = 10) for each group. Charcoa meals (2 ml/rat) were given
10 min before stress induction. Stress was induced in rats by restraints and immersion
into water at 19()C for 25 min, as described above.

Statistical analysis: Results were expressed as mean + SD. Differences between the
means were examined for statistical significance by the impaired student's r-test, The
effect of honey, HCS and saline dose volumes on ulcer index values were examined by
the analysis of variance in each group separately. Ulcer incidence was analyzed by chi-
square test. A 5% level of significance was used throughout.

Results

Effects of honey on stress-induced ulcers: Oral administration of honey solution
before stress induction lowers the incidence rate and the ulcer index values in stressed
rats. The incidence of gastric mucosal damage in saline-pretreated rats exposed to re-
straint and water immersion for six hrswas 98.3%. The ulcers, which were linear of fo-
cal hemorrhagic in shape, occurred along the gastric mucosal folds. The stress-ulcer in-
cidence among honey- and HCS-pretreated rats were 8500 and 96.4% in all groups,
respectively.

An analysis of the ulcer incidence by contingency tables showed no significant differ-
ence between the honey- and saline-pretreated rats (X2 = 3.1, P = 0.07), nor between the
HCS- and sdline-pretreated rats. A significant difference was seen between honey and
HCS-pretreated rats (X2= 5.9, P = 0.015).

A one-way analysis of means of ulcer index values for HCS- and saline-pretreated
rats by student's t-test showed no significantdifferencebetweenthe two groups (P =.057).
Analysis of variance in the saline-pretreated rats showed that saline volumes had no sig-
nificant effect on the ulcer index values (P =.06). The rats pretreated with HCS (1-14
mi/kg) showed lower ulcer index valuesthan that of the saline-pretreated rats. The dose
response curve for HCS was shifted downward to that of saline-pretreated rats (Fig. 1).

Analysis of variance in HCS-pretreated rats showed that HCS volumes had no sig-
nificant effect on the ulcer index values (P =.07).

Rats pretreated with the honey solution (1-14 mg/kg) showed significantly lower ul-
cer index values than that of the saline-pretreated rats (P < .05). Analysis of ulcer index
means showed that the honey- and HCS-pretreated rats had no significant differences at
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lower doses (1 and 3.5 mllkg), yet a statistically significant difference in ulcer index
values was observed at higher doses (7 and 14 ml/kg, P < 0.05). The effects of honey
solution on stress-induced ulcers was volume dependent (r == 0.90, P —0.08).
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Fi. 1. Effect of ora administration of honey ( O ),HCS (+ ), and saline (* ) on the incidence and the se-
verity of stress-induced ulcers (ulcer index) in rats. Results are presented as mean + SO, n = 16 for
each point (a) suggests significance against saline, (b) indicates significance against the HCS-
pretreated rats (P < 0.05).

Effects of parenteral honey administration on gastric ulcers: Figure 2 shows that
rats injected with honey (3.5 mi/kg, IP) 10 min before stress induction.had a significant-
ly higher ulcer index than the corresponding control rats who received HCS or saline (P
< 0.05). The ulcer index for honey-, saline-, and HCS-injected rats was 48 *+ 3, 38 £ 4.5,
and 45 + 3.5/rat, respectively.

Effects of honey on GIT motility in stressed rats: Rats exposed to restraint-water-
immersion stress for 25 min showed a significantly higher GIT motility than the un-
restrained rats (P<0.05). The charcoa meal traveling distance in the restrained rats was
55 + 5000 vs. 45 = 2.7% for the unrestrained rats, respectively. The restrained rats who
received the charcoal meal incorporated with a honey solution showed lower GIT motil-
ity than the rats who received the charcoal meal incorporated with a saline (P<0.05) so-
lution, yet dightly higher than that of the rats who received the HCS-incorporated char-
coal meal. The charcoal travelling distance for the honey- and HCS-pretreated rats was
34.2 £ 2.5% and 24.72 * 3.9%, respectively (Fig. 3).
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Fic. 2. Effectsof intraperitonea injection of honey and HCS (3.5 ml/kg) 10 min. before stress induction on
stress-induced ulcers in rats. Results are presented as mean £ SD, n —number, (*) indicates sig-
nificance (P<0.05.)
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Fic. 3. Effects of honey, saline. and HCS incorporated in the charcoal meal on GfT motility in stressed rats.
Results are presented as mean £ SD, n= 10for each point, (*) indicates significance (P< 0.05).
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Disc.ussion

Results presented in this work show that intraluminal administration of honey solu-
tion before stress induction decreased the incidence and severity of stress-induced gas-
tric ulcersin rats. The exact mode of action is unknown. the effect could be locally me-
diated as the systemic administration of honey or HCS increased the severity of stress-
induced ulcers. Several workers suggested that acute stress-induced gastric lesions are
primarily aresult of loss of the protective mechanism of the gastric mucosg{34]. In this
context, it was speculated that honey may act as a barrier between gastric mucosa and
the excessive gastric acid secreted during stress. Conversely, the presence of honey in
GIT may stimulate blood flow to the stomach and encounter stress-induced ischemia
For several years honey has been claimed to be a topica anti-ulcerogenic material
against several forms of topical ulcers, e.g., burn'11,2], traumatic, diabetic™, and topical
experimental ulcerg41l. This anti-ulcerogenic effect of honey was attributed to several
features in honey such as high osmoldlity™, ability to provide energy[S12) and anti-
microbia[6,11,13-16] properties. Although it is unknown whether any of these mech-
anisms had a role in the anti-ulcer effects of honey in stressed rats. The high car-
bohydrate content of honey probably has little or norole to play in its anti-ulcer effects,
as the HCS had little effect on stress-induced gastric ulcers. Honey's anti-ulcer effects
could be due to factors other than its nutritional propertiesas it was suggested earlier[l].

The finding described in the present work that parenteral honey and HCS have in-
creased the severity of stress-induced ulcersis intriguing. This may be due to the pres-
ence of the hyperosmolar solution in the peritoneal cavity leading to a fluid shift and
mesenteric ischemia, whichisamajor part in mucosal barrier derangernent!'i'.

The effect of honey on GIT in stressed rats apparently is multifactorial, as honey de-
creased the GIT hypermoatility induced by.stress in rats. Stress usually increases GIT
motility[2.12,13,17). The underlying mechanism for honey effects on the GIT motility
was unknown, but honey is known for its anti-diarrheal effects in gastroenteritis which
was attributed to its antimicrobial properties'14l. Honey's effect on GIT motility in
stressed rats could be mediated via the stimulation of the sympathetic nervous system

because it is generally accepted that a high-carbohydratediet stimulates the sympathetic
nervous system[5,18,19].

Although the anti-ulcer effects of honey were not compared with that of current anti-
ulcer regiments, honey may have some advantages as a potential anti-ulcer medication,
e.g., it ischeap, readily available, harmless, nutritious ™12}, and, most importantly, has
antimicrobial effectq11,13-16]. These last effects could be useful in the prevention of
bacteria colonization of the gastricjuice, small portions of which are regurgitated on a
regular basis and are often aspirated even in the presence of endotracheal intubation.
This aspiration enhances colonization of the respiratory tract and often leads to an in-
fection, particularly in immunocompromised, critically ill patientg20]. Further experi-
ments are still required to examine and confirm the prophylactic effects of honey in pa-
tients susceptible to stress-induced ulcers.
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