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Abstract: This study evaluated the influence of orally administered zinc acetate on gastrointestinal tract propulsion of rats. It 

also evaluated the effects of the salt on faecal output and gastrointestinal transit time in the rats. The effects of zinc acetate on 

feeding as well as water intake were determined. The dose of zinc acetate which produced the maximal effect was used to 

investigate the receptors involved in the alteration of gastrointestinal motility by the salts. All the three doses of zinc acetate (50 

mg/kg, 80 mg/kg and 110 mg/kg) produced a significant reduction in the number of total faecal pellets produced in eight hours of 

study (2.67 ± 0.67, 10.75 ± 0.60, 5 ± 0.52) respectively when compared with the control group (15.67 ± 0.52). Also, the three 

doses of zinc acetate produced a dose-dependent significant reduction in the faecal mass (1.23 ± 0.08g, 0.96 ± 0.07g, 0.59 ± 0.07g) 

respectively when compared with control group (3.39 ± 0.25g).The total transit time in rats treated with 50 mg/kg of zinc acetate 

(746.2 ± 5.95 minutes) increased significantly compared to the control group (251.2 ± 5.48 minutes). The three doses of zinc 

acetate produced a dose-dependent reduction (p < 0.05) in food intake (9.67 ± 0.61, 9.17 ± 0.62 and 5.00 ± 0.39) respectively 

compared to the control group (18.33 ± 0.67). Pre-treatment with metoclopramide (5HT3 & D2 blocker/5HT4 serotonergic 

agonist) significantly increased faecal pellet output in zinc acetate treated rats (4.80 ± 0.20) when compared with rats treated with 

zinc acetate alone (2.67 ± 0.67).The study concluded that zinc acetate reduced gastrointestinal tract propulsion in rats evidenced 

as increased intestinal transit time of rats and reduced faecal pellet output via stimulation of 5HT3 and 5HT4 serotonergic and 

dopaminergic receptors. 
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1. Introduction 

Gastrointestinal (GI) motor activity involves a complex 

group of functions that are essential for life (Huizinga and 

Lammers, 2009). Disorders of GI transit and/or contractility 

are common (Rao et al., 2011). Gastric emptying is also 

complex and consisting of interconnected parts reflecting a 

variety of functions which include accommodation and 

coordinated relationship between the proximal/distal stomach 

and antropyloroduodenal contractility (Szarka and Camilleri, 

2009). Appetite is the natural craving for food which is 

evidenced as hunger, resulting in increased food consumption. 

Satiety or satiation have opposite effect to elicit a sense of 

satisfaction on feeding. These are important physiologic 

phenomena which help to ensure adequate food intake for the 

maintenance of the body metabolic needs. Brain centres are 

known to regulate feeding and satiety through neuropeptides 

responsible for energy homeostasis amongst other regulating 

and modulating pathways. Zinc acetate is reputed for its 

potency in the treatment of diarrhea. However, the receptors 

involved in its ameliorative effects on gastrointestinal 

dysfunctions need more studies. The effect of zinc acetate on 

food consumption and water intake is also yet to be 

investigated, hence this study. 
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2. Materials and Methods 

2.1. Experimental Animals 

Twenty-four male adult Wistar rats weighing 120 – 180 g 

were obtained from the Animal House of Benue State 

University, Makurdi and kept in plastic rat cages for two 

weeks to acclimatize in the Animal Holding, Department of 

Anatomy and Cell Biology, where they were given access to 

feed (Caps Feed, Osogbo) and water ad-libitum. The rats were 

randomly divided into four groups consisting six rats each. 

Group 1 was given distilled water and served as the Control, 

Group 2, 3 and 4 received 50, 80 and 110 mg/kg/day oral 

administration of zinc acetate respectively (Medici et al., 

2005). 

2.2. Test on 5-HT3, 4 and Dopamine Receptors 

Metoclopramide hydrochloride injection B.P 10 mg 

contained in 2 ml ampoule was used. It was manufactured by: 

Anhui ChengShi Manufacture Medicine Co., Ltd. Hebei New 

industrial park, Bengbu, Anhui. China. For: Embassy 

Pharmaceutical and Chemicals Limited, Lagos Nigeria. Item 

No.: E.M-231715, Mfg.Lic No.:20100206, Batch No.:121108, 

Manufacturing. Date: 11/2012, Expiry Date: 11/2015, 

NAFDAC Reg. No.:A4-0034. This was administered 

intramuscularly at 5 mg/kg for 15 minutes before 

administration of the zinc salt. Faecal pellets were counted at 

two-hour intervals for eight hours following zinc salt 

administrations. The weight of the air-dried pellets were 

determined after 24-hours. 

2.3. Food and Water Intake 

Food consumption was determined by measuring the 

differences in pre and post observation weight of the food 

pellets. Water intake was determined by subtracting the 

volume of water left after observation from the volume before 

observation started. 

2.4. Statistical Analysis 

Statistical analyses were carried out using Graphpad Prism 

5.0 version software. Data are presented as mean ± SEM. 

Analysis of Variance (ANOVA) was performed followed by 

Newman Keuls’ post-hoc test. A value of p < 0.05 was 

considered statistically significant. 

3. Results 

3.1. Effect of Zinc Acetate on Food Intake 

Fig.1 shows pre-treatment with zinc acetate (50 mg/kg, 80 

mg/kg and 110 mg/kg) produced a dose-dependent reduction 

in food intake (9.67 ± 0.61, 9.17 ± 0.62and5.00 ± 0.39) 

respectively when compared to the control group (18.33 ± 

0.67) (p < 0.05) with the 110 mg/kg dose producing the 

highest inhibition (5.00 ± 0.39). 

 

Fig 1. Zinc Acetate on Feeding Pattern 

3.2. Effect of Zinc Acetate on Water Intake 

Pre-treatment with zinc acetate (50 mg/kg, 80 mg/kg and 

110 mg/kg) significantly reduced (p < 0.05) water intake 

(13.45 ± 0.76, 17.17 ± 0.60 and8.71 ± 0.73) respectively 

when compared to the control group (21.42 ± 0.93) and the 

110 mg/kg dose producing the highest inhibition (8.71 ± 0.73) 

(Fig 2). 

 

Fig. 2. Zinc Acetate on Water Intake 

3.3. Effect of Zinc Acetate on Faecal Output 

All the three doses of zinc acetate (50 mg/kg, 80 mg/kg 

and 110 mg/kg) produced a significant reduction (p < 0.05) in 

the number of total faecal pellets (2.67 ± 0.67, 10.75 ± 0.60, 

5 ± 0.52) respectively when compared to the control group 

(15.67 ± 0.52). Of the three doses of zinc acetate, 50 mg/kg 

produced the highest reduction in number of total faecal 

pellet in 8 hours (2.67 ± 0.67) while 80 mg/kg produced the 

least reduction in 8 hours (10.75 ± 0.60). In the first time 

interval (2
nd

 hour) only 50 mg/kg produced significant 

reduction (p < 0.05) (0.33 ± 0.21) in faecal number when 

compared to the control group (1.67 ± 0.33) (Fig 3). 

 

Fig 3. Effect of Zinc Acetate on Frequency of Defecation 

At the second time interval (4th hour) 50 mg/kg, 80 mg/kg 

and 110 mg/kg significantly reduced (p < 0.05) the number of 



408 Rufus Ojo Akomolafe et al.:  Attenuation of Gastrointestinal Tract Propulsion in Rats by Zinc Acetate: Investigation into  

Serotonergic and Dopaminergic Mechanisms 

faecal pellets (1.17 ± 0.17, 1.5 ± 0.22, 1.33 ± 0.33) 

respectively when compared to the control group (4.17 ± 

0.65). At the third time interval (6th hour) all the three doses 

also significantly reduced (p < 0.05) the number of faecal 

pellets (0.50 ± 0.22, 2.0 ± 0.00, 1.50 ± 0.22) respectively 

compared to control group (4.33 ± 0.56). Lastly, at the fourth 

time interval (8th hour) all the three doses significantly 

reduced (p < 0.05) the number of faecal pellets (0.67 ± 0.21, 

2.0 ± 0.52, 1.00 ± 0.37) respectively compared to control 

group (5.5 ± 0.22). 

3.4. Effect of Zinc Acetate on Faecal Weight 

All the three doses of zinc acetate (50 mg/kg, 80 mg/kg 

and 110 mg/kg) produced a dose-dependent significant 

reduction (p < 0.05) in the faecal weight (1.23 ± 0.08, 0.96 ± 

0.07, 0.59 ± 0.07) respectively when compared to control 

group (3.39 ± 0.25). Of the three doses of zinc acetate, 110 

mg/kg produced the highest reduction in faecal weight in 8 

hours (0.59 ± 0.07) while 50 mg/kg produced the least in 8 

hours (1.23 ± 0.08). In the first time interval (2
nd

 hour) all the 

three doses produced significant reduction (p < 0.05) (0.15 ± 

0.03, 0.22 ± 0.01, 0.14 ± 0.01) in faecal weight when 

compared with control group (0.55 ± 0.05) (Fig 4). 

At the second time interval (4
th

 hour) 50 mg/kg, 80 mg/kg 

and 110 mg/kg significantly reduced (p < 0.05) the faecal 

weight (0.54 ± 0.03, 0.2 ± 0.01, 0.16 ± 0.02) respectively 

compared to control group (0.76 ± 0.07). At the third time 

interval (6
th

 hour) all the three doses also significantly 

reduced (p < 0.05) the faecal mass (0.23 ± 0.01, 0.27± 0.02, 

0.18 ± 0.02) respectively compared to control group (0.73 ± 

0.03). Lastly, at the fourth time interval (8
th

 hour) all the three 

doses significantly reduced (p < 0.05) the faecal mass (0.31 ± 

0.01, 0.27 ± 0.01, 0.12 ± 0.11) respectively compared to 

control group (1.36 ± 0.12) (Fig 4). 

 

Fig 4. Effect of Zinc Acetate on Weight of Faecal Pellets 

3.5. Effect of Zinc Acetate on Gastrointestinal Transit Time 

Using Charcoal Meal 

Fig 5 shows the total transit time of zinc acetate (50 mg/kg) 

treated group (746.2 ± 5.95 min) increased significantly (p < 

0.05) compared to the control group (251.2 ± 5.48 min) (p < 

0.05). 

 

Fig 5. Gastrointestinal Transit Time in Rats 

4. Discussions 

Pre-treatment with zinc acetate produced a dose-dependent 

reduction in food intake when compared to the Control group 

that received only distilled water. The highest dose of zinc 

acetate (110 mg/kg) produced the highest inhibition of 

appetite in the experimental animals. 

Appetite is the natural craving for food which is evidenced 

as hunger, resulting in increased food consumption. It is an 

important physiologic phenomenon which helps to ensure 

adequate food intake for the maintenance of the body 

metabolic needs. Brain centres are known to regulate feeding 

and satiety through neuropeptides responsible for energy 

homeostasis. These centres include the hypothalamus, 

brainstem and reward centres. Circulating gut hormones 

modulate these pathways acutely resulting in the stimulation 

of appetite or satiety behaviours. The observed effect of the 

tested doses of zinc acetate on food intake was mediated 

through one or combination of several of the mechanisms 

explained below. 

The first is the role of G protein-coupled receptors (GPR39) 

in appetite regulation. In the brain, high levels of this molecule 

are detected across the septum and in distinct cells of 

amygdala and hippocampus in human and rodents [6-8]. 

Contrary to the study of Zhang et al., 2005 [9], some 

investigators did not find GPR39-1a expression in the 

hypothalamus [7-8, 10-11]. Therefore a possible role of 

GPR39 in the regulation of food intake may depend on 

non-hypothalamic pathways, such as the septum which is 

involved in the rewarding aspects of feeding and hyperphagia 

[12]. 

Studies have pointed to a relationship between plasma 

levels of zinc and leptin system in humans and rodents [13-14]. 

These studies established a positive correlation between both 

zinc and leptin levels, possibly by increasing the production of 

cytokines (IL-2 and TNF-a) which in turn increases 

circulating leptin concentration in rodents leading ultimately 

to reduction in appetite [15]. This is one of the clear signaling 

pathway in accord with the anorexigenic effect of zinc acetate 

at high doses observed in this experiment. 

Chen et al., [16-17] observed increased leptin at low zinc 

levels and further zinc supplementation to the experimental 

animals in the same study stimulated further increase in leptin 

levels. This implies that zinc may either directly affect leptin 

gene expression or indirectly cause leptin production. It was 

reported that zinc deficiency inhibited leptin secretion from 

the fatty tissue, whereas supplementation of a physiological 
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dose of zinc increased both leptin levels and glucose intake in 

mice. 

Again the anorectic effect of zinc salts at high doses may be 

explained by the mechanism of peripheral signals from 

adipose tissue. Leptin is secreted from adipose tissue to 

regulate energy homeostasis [18]. Zinc acetate at high doses 

probably caused the release of leptin from the adipose tissues 

leading to increased circulating levels of leptin which then 

results in reduced food intake. Other investigators showed that 

the nuclei of tractus solitarius (NTS) like the arcuate nucleus 

(ARC), contains leptin receptors and leptin administration to 

the fourth ventricle resulted in a reduction in food intake. [19]. 

Peripheral administration of leptin also resulted in neuronal 

activation within the NTS [20-21]. Thus zinc acetate evidently 

exert its effect indirectly on appetite via leptin’s action on both 

the hypothalamus and brainstem. 

Another probable mechanism of action of the zinc acetate is 

by increasing or decreasing circulating levels of insulin. 

Insulin is synthesized by the pancreas and released to exert its 

metabolic functions on the body cells. Zinc is found in α and β 

cells of pancreas and was shown to be actually necessary in β 

cells for the synthesis, storage and release of insulin [22]. Zinc 

was found to potentiate the activity of insulin signaling 

pathway [22] and In vivo zinc depletion led to decreased 

insulin secretion and diminished cellular sensitivity to insulin 

[23]. 

4.1. Reduction of Water Intake by Zinc Acetate 

All the three doses of zinc caused a reduction in water 

intake. Thirst is the sensation that brings the impulse to drink 

fluids especially water. It is one of the regulatory mechanisms 

that maintain body fluid homeostasis and ultimately is 

essential for survival. The idea of a thirst “center” per se is 

being substituted with the new concept of a complex neural 

circuitry regulating fluid intake [24]. 

The result of this study is in line with earlier studies where 

zinc salts elicited significant antidipsogenic effects at all those 

levels. Fregoneze and other investigators had demonstrated 

that central administration of zinc in minute amounts induced 

a significant antidipsogenic action in dehydrated rats. They 

also showed that dehydrated rats under central cholinergic and 

angiotensinergic stimulation experienced antidipsogenic 

response to zinc treatment [25]. Further studies by this group 

demonstrated that zinc induced blockade of water intake in 

dehydrated rats may be, at least in part, due to stimulation of 

central opioid peptides [26]. 

The inhibitory effect of zinc acetate on water intake largely 

relates with the anorexigenic effect of the salts in rats, 

suggesting some common signaling pathways or mechanisms. 

Atrial Natriuretic Peptide (ANP) and Glucagon-like Peptide1 

(GLP 1) have been shown to inhibit water intake [27-29]; 

secondary to inhibition of feeding since GLP 1 have been 

previously linked with inhibition of feeding in rodents [30]. 

Zinc acetate inhibit water drinking indirectly through these 

two peptides, although other possible mechanisms may be 

involved. Osmoreceptors are specialised neurons situated on 

the walls surrounding the 3rd ventricle which are not covered 

by the blood-brain-barrier (BBB), and are hence exposed to 

salts circulating in the bloodstream. These receptors are 

mostly found within the hypothalamus, and may also be found 

in the gut. The osmoreceptors send neural signals to 

supraoptic and paraventricular nuclei of the hypothalamus 

which in turn send separate signals to [1] posterior pituitary to 

secrete increased amounts of ADH, which causes decreased 

amounts of urine formed [2] lateral preoptic area of the 

hypothalamus which increased drinking. Zinc acetate is 

thought to indirectly inhibit these pathways through GLP 1 

and ANP. 

Calcium channel blockers were found to inhibit the 

antidipsogenic effect of central injections of zinc in rats [31]. 

SDZ 216-525, a selective 5-HT1A receptor antagonist, reverted 

zinc-induced inhibition of water intake in dehydrated rats. 

Other studies also demonstrated the inhibition of enkephalin 

binding to opiate receptors by zinc ions [32]. 

Brain angiotensinergic and cholinergic components 

stimulate water intake, whereas opioids and serotonin have the 

opposite effect [33]. It has been established that water intake 

stimulated by central β-adrenergic stimulation is blocked by 

zinc. It was also shown that the inhibitory effect of zinc on 

water intake might be opioid-dependent. [26]. 

4.2. The Effect of Graded Doses of Zinc Acetate on Faecal 

Pellet Output of Rats 

Gastric emptying, gut transit and faecal output are direct 

products of gut motility/contractility and or peristalsis. Gut 

motility itself is regulated by many concerted signaling 

pathways and mechanisms. “A crucial advantage of multiple 

control systems is that gut motility control can withstand 

injury to one or more of its components” [1]. Therefore the 

inhibitory effect of the zinc acetate cannot be attributed to just 

one of these mechanisms. 

The reduction in faecal pellet output induced by graded 

doses of zinc acetate (50 mg/kg, 80 mg/kg and 110 mg/kg) 

was not dose-dependent. However, the reduction induced by 

zinc acetate was dose dependent. All the doses of zinc acetate 

used in this study induced significant reductions in both the 

mass and number of faecal pellets of the experimental rats 

compared to the control. 

These results showed that zinc acetate reduced gut motility 

ultimately resulting in fewer faecal pellets within the period of 

evaluation. The contrasting result in the number of faecal 

pellet and the faecal mass produced suggests that, while the 

least dose of zinc acetate (50 mg/kg) produced the least 

number of pellets, the pellets produced had more fluid content 

while the highest dose tested (110 mg/kg) produced drier 

faeces. Evidently, zinc acetate had proven to be potent at 

reducing the frequency of defecation while also promoting the 

absorption of water and electrolytes from the small intestine 

and the colon. 

The physiologic mechanism by which water is absorbed 

from the lumen of the small intestine and the colon is by the 

coupled activity of the sodium/hydrogen exchanger and 

chloride bicarbonate exchanger in the apical membrane 

(electroneutral mechanism). Water follows this movement to 
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sustain osmotic balance immediately. Additionally, there is 

electrogenic absorption of sodium from the distal colon where 

sodium enters the epithelial cells via epithelial sodium 

channels (ENaC). This ENaC is identical to the type found in 

the kidneys which is the reason why it is possible for the distal 

colon to achieve a remarkable desiccation of faeces. 

The production of drier faeces as evidenced by reduction in 

faecal mass is supported by the action of zinc to suppress 

drinking by the rats in this experiment. A reduction in water 

intake expectedly increases absorption of water from the 

intestine. Another mechanism by which more water can be 

absorbed from the lumen of the small intestine is by increasing 

the surface area for reabsorption. Zinc has been shown to 

increase the absorption surface of the small intestine. This is 

because of its importance in DNA synthesis and increase 

mRNA in cells leading to enhancement of cell division and 

rapid growth of cells of the epithelium which also is one of the 

most rapidly dividing cells or tissues in the body. The 

reduction in faecal output can also be attributed to the 

anorexigenic effect of the salts on the rats during the 

experiments. 

Food intake induces propagating, propulsive contractile 

activity, either by chemical or mechanical properties of the 

food, through autonomic reflexes or hormonal actions [34-36]. 

It is obvious from this study that a positive correlation exists 

between faecal output and food intake, a pointer to the fact that 

reduced feeding actually caused slight reduction in motility as 

previously described [34-36]. 

4.3. Zinc Acetate on Gastrointestinal Transit Time 

The result of this study established the effect of slow transit 

constipation in the experimental rats treated with zinc acetate. 

Furthermore, the salt reduced the frequency of defecation by 

the rats and also altered the consistency or form of the pellets; 

making the faecal pellets harder. The entire transit time of the 

GIT is the time interval between charcoal meal ingestion and 

its exit from the body [5, 37]. 

The time taken (in minutes) for charcoal to travel the total 

length of the gastrointestinal tract was determined after 

pre-treatment with the most effective dose of zinc acetate 

compared to the control group pre-treated with distilled water. 

The most effective dose of zinc acetate delayed the transit time 

in the rats. Zinc acetate (50 mg/kg) produced the highest 

transit time (746.2 ± 5.95 minutes). 

Zinc has the ability to bind to many cell-surface proteins. 

These include ion channels, neurotransmitter transporters and 

seven transmembrane domain (7TM), G protein-coupled 

receptors one of which is GPR39. (38, 39). GPR39, one of the 

trans-membrane receptor of ghrelin receptor family is 

ubiquitous in many tissues such as; endocrine, gut, liver, 

adipose tissue and the endocrine pancreas [40]. Substantial 

facts point to zinc as the agonist for GPR39 and various 

studies had established Zn
2+

 as a GPR39- activating factor [41, 

10 and 42]. The unique binding of Zn
2+

 to GPR39 indicates 

that Zn
2+

 is a real ligand rather than an allosteric regulator 

[43]. 

Expectedly, gastric emptying was increased in GPR39 

knockout mice. Also, transit and expulsion of faeces was more 

effective from the colon of GPR39 knockout mice [7]. These 

findings proposes that GPR39 agonists may inhibit gastric and 

colonic motility. This agrees with the impact of the zinc salt 

tested on faecal pellet output and gut transit in this study. 

There is a strong evidence in favour of opiatergic signaling 

as one of the many pathway through which the zinc salts alter 

GIT transit and faecal output in this study although this require 

further studies for confirmation. Opioid receptors has been 

reported to be widely distributed in the gastrointestinal tract 

(GIT) [44]. This is supported by the fact that opioids can alter 

the physiological function of almost all the part of the GIT [45, 

46] especially motility and secretion. This accounts for the 

observed constipating side effect of many opioid analgesics 

and the commonly prescribed opioid analgesic agents are most 

selective towards the µ-receptor with essentially negligible 

effect on δ-receptors [44]. Some of the effects include; 

delayed gastric emptying, increased overall transit time of 

food and decreased secretion in the small intestine, decreased 

frequency of contraction and secretion in the colon leading to 

constipation, harder and drier stools. 

4.4. The Effect of Metoclopramide on Zinc Acetate-Induced 

Reduction in Faecal Output of Rats 

Pretreatment with metoclopramide resulted in increased 

faecal output across the different groups of zinc salt treatment. 

Metoclopramide blocks dopamine and 5HT3 receptors while 

activating 5HT4 receptors. This will normally result in 

increased gastrokinetic activity in the gut. It stimulates 

motility of the upper gastrointestinal tract without stimulating 

gastric, biliary or pancreatic secretions. The rate of gastric 

emptying is increased due to increased peristalsis of the 

jejunum and duodenum. 

Table 1. Effect of Metoclopramide on Zinc Induced Alteration of Faecal Pellet Output. 

Column1 90th Minute 180th Minute 270th Minute 360th Minute Total Mean 

Control 1.67 ± 0.33 4.17 ± 0.65 4.33 ± 0.56 5.50 ± 0.22 15.67 ± 1.38 

Metoclopramide Control 2.60 ± 0.24α 1.60 ± 0.24α 4.40 ± 0.24 6.00 ± 0.55 14.60 ± 0.24 

Zinc Acetate (50 mg/kg) 0.33 ± 0.21α 1.17 ± 0.17α 0.50 ± 0.22α 0.67 ± 0.21α 2.67 ± 0.67* 

Metoclopramide + Zinc 0.00 ± 0.00α 0.40 ± 0.24αβ 1.40 ± 0.24αβ 3.00 ± 0.00αβ 4.80 ± 0.20*β 

*-significantly different from control, α-significantly different from control at a given time interval, β-Significantly different from zinc acetate (50 mg/kg) 

(P < 0.05). 

Metoclopramide potently inhibited the effect of zinc salts 

on faecal output. G.I transit, motility and contractility was 

significantly increased compared to the group that received 

zinc salts alone. This suggest a role for 5HT and dopamine 

receptors in zinc alteration of gut motility function. Zn
2+

 was 

demonstrated to inhibit binding and/or activation of the D4 
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dopamine receptor and the D2 dopamine receptor [47-49]. 

5. Conclusion 

Zinc Acetate slowed down gut motility as revealed by 

increased transit time and decreased faecal output in Wistar 

rats. It suppresses food intake at doses tested. Further, it also 

reduced water intake in the experimental animals. This effects 

of zinc salts are achieved through many concerted signaling 

pathways and mechanisms where zinc acts as allosteric 

modulator on the receptors implicated, such as D2, 5HT3 and 

5HT4. 
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