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ABSTRACT  

Background. Cisplatin is a highly emetogenic antineoplastic drug and induces 

peripheral neuropathy when given in cycles. Granisetron, a 5-HT3

Methods. Adult male Wistar rats received two intraperitoneal injections 30 min 

apart: granisetron (1 mg kg

 antagonist, is 

clinically used to prevent chemotherapy-induced nausea/emesis and abdominal 

pain in irritable bowel syndrome. The effects of cisplatin on visceral sensitivity 

and those of granisetron in the context of cancer chemotherapy are not well 

known.  

-1)/vehicle, and cisplatin (6 mg kg-1

Key results. Cisplatin induced bedding intake and gastric dysmotility, and 

granisetron blocked these effects, which occurred in the absence of frank 

mucositis. Visceral sensitivity was reduced to a similar extent by both drugs 

alone or in combination.  

)/vehicle. 

Thereafter, nausea-like behavior was measured as bedding intake for 4 h, and 

gastric dysmotility was measured radiographically for 8 h. Gastric weight and 

size were determined ex vivo and samples of the forestomach, corpus, ileum 

and colon were obtained for histological analysis at 4 and 30 hours after 

cisplatin/vehicle. Visceral sensitivity was measured as abdominal contractions 

in response to mechanical intracolonic stimulation 2 h after cisplatin/vehicle.  A
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Conclusions & inferences. Cisplatin-induced bedding intake and gastric 

dysmotility were blocked by granisetron, confirming the involvement of serotonin 

acting on 5-HT3

KEYWORDS: cisplatin; granisetron; pica; gastric dysmotility; emesis; visceral 

sensitivity. 

 receptors. Unexpectedly, visceral sensitivity to colonic 

distension was reduced, to the same extent, by cisplatin, granisetron and their 

combination, suggesting important mechanistic differences with nausea and 

gastric dysmotility that warrant further investigation.  

 

 

 

 

KEY MESSAGES: 

 

 

• Antitumoral drugs like cisplatin produce many adverse effects, including 

those affecting the gastrointestinal tract. Cisplatin is highly emetogenic 

and provokes neuropathic pain but its effects on colonic sensitivity are 

less known. 

• In rats, acute cisplatin induced nausea-like behavior and decreased 

gastric motility. Both effects were prevented by the antiemetic drug 

granisetron. Cisplatin, granisetron or their combination decreased colonic 

sensitivity to the same extent. 

• Cisplatin and granisetron effects on nausea/gastric motility and sensitivity 

to colonic distension must involve different mechanisms. 

 

 

 

INTRODUCTION 

Cancer chemotherapy is associated with the development of numerous and 

feared adverse effects that may compromise treatment (1). Adverse effects in 

the gastrointestinal tract include nausea and emesis, as well as diarrhea or 

constipation, depending on the particular drug (1-5). Cisplatin is a highly 

emetogenic antitumoral drug, often used as reference in experimental studies 
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searching for new antiemetics (6, 7). Although other mechanisms may be 

involved, serotonin released from the enterochromaffin cells and acting upon 

vagal afferents through 5-HT3 receptors, is one of the main components 

underlying nausea and emesis induced by cisplatin (8-11) and is probably also 

involved in the effect of other antitumoral drugs. Thus, 5-HT3

 

 antagonists are 

currently used in all moderate to severe emetogenic chemotherapy regimens as 

key antiemetics (12).  

In experimental animals lacking the emetic reflex, like the rat, other markers of 

nausea/emesis are needed. Pica, the ingestion of non-nutritive substances, like 

kaolin (6,13,14), occurs in the rat both after a single dose of cisplatin (15), and 

after its repeated administration (cycles) (16-18). Another effect of antitumoral 

drugs, tightly related to nausea/emesis, and present in all vertebrate species, is 

gastric dysmotility. Thus, delayed gastric emptying and gastric distension have 

been reported to occur after cisplatin administration in the rat (15,18-22). 

Granisetron and other 5-HT3 receptor antagonists are capable of preventing 

cisplatin-induced acute pica, measured as kaolin intake (20), and gastric 

dysmotility (21). Interestingly, it has been shown that bedding intake can be 

used, instead of kaolin intake, to evaluate pica induced by opiates in the rat 

(23), but, as far as we know, the effect of cisplatin on bedding intake has not 

been determined, nor the effect of 5-HT3

 

 antagonists on this.  

Another well-known chemotherapy-induced adverse effect is neuropathic pain, 

which affects limbs in a so-called “stocking and glove” manner (24). In contrast, 

the occurrence of visceral pain related to chemotherapy has received less 

attention. Unlike somatic pain, visceral pain is diffuse, difficult to localize, 

irradiated to superficial structures and often accompanied by nausea, vomiting 

and other manifestations (25). Among the 40% of the population experiencing 

visceral pain, 28% corresponds to cancer patients, in whom pain may be 

associated with metastasis or treatments (25). In this context, visceral pain may 

be associated with the development of chemotherapy-induced mucositis (27) 

and enteric neuropathy (28-31), frequent complications of these treatments. 

However, visceral pain was recently demonstrated to occur in the rat shortly 

after paclitaxel, another antineoplastic drug (32). Whether or not visceral pain 
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develops also immediately after cisplatin treatment is not clear, nor the effect of 

5-HT3

 

 antiemetics used to prevent chemotherapy-induced gastric dysmotility, 

nausea and emesis.   

Therefore, our aim was to determine if visceral sensitivity is altered after acute 

cisplatin administration, at a dose capable of inducing kaolin intake and gastric 

dysmotility in the rat (15). We also investigated if this dose was able to induce 

bedding intake and evaluated the effect of granisetron on the functional effects 

and structural changes induced by cisplatin in the gut wall. 

 

MATERIALS AND METHODS 

The experiments were designed and performed in accordance with the 

European and Spanish legislation on care and use of experimental animals (EU 

Directive 2010/63/EU for animal experiments; R.D. 53/2013) and were 

approved by the Ethic Committee at Universidad Rey Juan Carlos (URJC). The 

animal protocol was designed to minimize pain or discomfort to the animals.  

 

Animals  

Male Wistar rats (290-370 g) were obtained from Charles River (studies on 

gastrointestinal motility, n=32) and from the Veterinary Unit at URJC (bedding 

intake studies, n=31; visceral sensitivity, n=25). Animals were group-housed (3-

4/cage) in standard transparent cages (60 cm x 40 cm x 20 cm), under 

environmentally controlled conditions (temperature = 20ºC; humidity = 60%), 

with a 12 h light/12 h dark cycle. Animals had free access to standard laboratory 

rat chow (Harlan Laboratories Inc.) and sterile tap water. The animals for the 

studies on gastrointestinal motility were acclimatized to laboratory conditions for 

two weeks prior to experimentation.  

 

Drug treatments 

In all cases, animals received 2 intraperitoneal (i.p.) injections, separated by 30 

min: the first one was granisetron (1 mg kg-1) or saline (0.5 ml); the second one 

was cisplatin (6 mg kg-1) or saline (0.5 ml). Thus, treatment groups for the study 

were: saline+saline (S+S); saline+cisplatin (S+C6); granisetron+saline 

(Grani+S); granisetron+cisplatin (Grani+C6). 
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Bedding intake as an indirect index of nausea 

After the second drug injection (saline or cisplatin), each rat was placed in an 

individual cage provided with wood shaving bedding, food and water, and was 

observed for 4 hours. The number of times the rat ingested bedding in its cage 

was recorded in periods of 1 hour by a blinded observer. 

 

Analysis of gastrointestinal motor function 

Two kinds of studies were performed to determine the effect of cisplatin and/or 

granisetron on gastrointestinal motor function: first, radiographic, non-invasive 

in vivo methods were used to determine alterations in general gastrointestinal 

transit (see below); second, the weight and size of the stomach were measured 

ex vivo to more accurately evaluate the alterations produced by the different 

drugs in gastric motor function. The ex vivo study was performed in two different 

groups of rats in order to evaluate two different time-points: 4 and 30 h after 

cisplatin administration; for ethical reasons, the rats studied at 4 h were the 

same used for the bedding intake study and those studied at 30 h were the 

same used for the radiographic analysis. All studies were followed by 

histological analysis (see below).  

 

Radiographic techniques were applied as previously described (15). Thus, 20 

min after the second drug injection, 2.5 ml of a suspension of barium sulphate 

(Barigraph ® AD, Juste SAQF, Madrid, Spain; 2g ml-1, tº= 22ºC) was 

administered per os. Intragastric gavage administration was carried out with 

conscious animals, using curved gavage needles appropriate for the animal 

size (14 gauge, 2.9 inch length, 4 mm ball diameter). Plain facial radiographs of 

the gastrointestinal tract were obtained at different time-points (0-8h: T0-T8) 

after administration of the contrast medium. A CS2100 (Carestream Dental, 

Spain) digital X-ray apparatus (60 kV, 7 mA) was used, and X-rays were 

recorded on Carestream Dental T-MAT G/RA film (15 x 30 cm) housed in a 

cassette provided with regular intensifying screen. Exposure time was adjusted 

to 20 ms and focus distance was manually fixed to 50 ± 1 cm. Immobilization of 

the animals in prone position was achieved by placing them inside adjustable, 

hand-made, transparent plastic tubes. Habituation to the recording chamber 
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prior to commencement of the study did not significantly alter GI motility (15). To 

further reduce stress, animals were released immediately after each shot 

(immobilization lasted for less than 2 min). A trained investigator blind to the 

drug administered performed the analysis of the radiographs. Alterations in GI 

motility were semiquantitatively determined from the images by assigning a 

compounded value to each region of the GI tract considering the following 

parameters: percentage of the GI region filled with contrast (0-4); intensity of 

contrast (0-4); homogeneity of contrast (0-2); and sharpness of the GI region 

profile (0-2). Each of these parameters was scored and a sum (0-12 points) was 

made. In addition, the X-rays were scanned and the alterations in the size of 

stomach and caecum were morphometrically analyzed with the aid of an image 

analysis system (Image J 1.38 for Windows, National Institute of Health, USA, 

free software: http://rsb.info.nih.gov/ij/). 

 

For the ex vivo studies at 4 and 30 h after cisplatin, animals were killed by sharp 

cervical dislocation and exsanguination, and different organs were removed. 

For the study of gastric motor function, the stomach was weighed and 

photographed. The photographs were used to analyze the size of the whole 

stomach, corpus and forestomach using morphometric methods as described 

for the X-rays. 

 

Colonic sensitivity 

Two hours after the second drug injection (cisplatin or saline), the rat was 

sedated with Sedator® (medetomidine hydrochloride, an alpha-2 adrenergic 

agonist, 1 ml kg-1, 1 mg ml-1

 

, i.p.). Once sedated, a 10 cm longitudinal line was 

drawn over the linea alba of the rat abdomen, from the penis cranially, and 

shorter transverse lines were also drawn every 2 cm, to better visualize the 

contractions during the recordings. 

Next, fecal material was gently removed from the rectum and a 5 cm long latex 

balloon lubricated with vaseline was inserted through the anus into the colon so 

that the tip of the balloon was 7 cm inside the colorectum. The catheter to which 

the balloon was connected was fixed to the tail of the rat with Parafilm®, so that 

during the experiment it could not be expelled. Sedation was reverted with 
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Revertor® (atipamezole hydrochloride, an alpha-2 adrenergic antagonist, 0.66 

ml kg-1, 5 mg ml-1

 

, i.p.), and the rat was allowed to wake up in the recording 

cage (it normally took less than 5 min for the rat to wake up and start exploring 

the cage). After waking up, the rat behavior was recorded using a video camera 

(iPad, Apple, Madrid, Spain) located 30 cm below the cage floor. The recording 

lasted 40 minutes; the first 5 min were discarded (they were only used to 

confirm the normal behavior of the rat after recovery from sedation); thereafter, 

the pressure of the intracolonic balloon was increased, using a 

sphygmomanometer, from 0 to 75 mm Hg, in steps of 15 mm Hg every 5 

minutes, to finally return to 0 mm Hg again. Pressure was maintained in each 5 

min-interval (tonic stimulation). 

For the analysis of visceral sensitivity, the videos were exported as series of 

frames (1 s-1

 

), using the Free Video to JPG Converter program (v.5.0.73). Each 

frame was then analyzed to determine the number and duration of contractions, 

as well as the % of time spent by the rat contracting the abdomen during each 

5-min period. An abdominal contraction was considered as a depression of the 

abdomen where transverse lines approached one another.  

Histopathological analysis of gastrointestinal regions 

Samples were obtained from the stomach (forestomach and corpus), terminal 

ileum (at least 10 cm oral to the ileocaecal junction) and distal colon, fixed in 

buffered 10% formalin and embedded in paraffin. Sections of 5 µm were stained 

with conventional hematoxylin-eosin (HE). They were studied under a Zeiss 

Axioskop 2 microscope. The analysis was made in 5-8 random fields per 

sample measured in 20-40x objective microphotographs with a total of three 

slices analyzed per specimen. The experimenter was blind to the treatment 

received by the rat from which the sample under analysis was obtained. 

 

Histological damage of the ileum was evaluated in sections stained with HE 

using criteria adapted from Galeazzi et al. (33). A numerical score of 0–9 was 

assigned to each section considering general loss of mucosal architecture 

(graded 0–3, absent to severe), extent of inflammatory cell infiltrate (graded 0–

3, absent to transmural), crypt abscess formation (0–1, absent or present), 
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goblet cell depletion (0–1, absent or present) and muscular layer thickness (0–

1, normal to reduced).  

 

The colon was evaluated according to Saccani et al. (34). The numerical score 

in this case was 0-13 considering epithelial damage (0–3, normal to severe), 

infiltration of inflammatory cells (0-4, absence to severe involving submucosa), 

separation of muscle layer and muscularis mucosae (0-2, normal to severe) and 

goblet cell depletion (0–4, absent to present).  

 

Compounds and drugs 

Barium sulphate (Barigraf® AD, Juste SAQF, Madrid, Spain) was suspended in 

tap water and continuously hand-stirred until administration.  

 

Granisetron hydrochloride (1-methyl-N-(9-methyl-endo-9-azabicyclo[3.3.1]non-

3-yl-1H-indazole-3-carboxamide monohydrochloride) was obtained from Ascent 

Scientific (Bristol, UK) and dissolved in saline. Cisplatin (cis-diammineplatinum 

(II) dichloride) was purchased from Sigma-Aldrich (Spain) and dissolved in 

saline (sonicated for about 15 min).  

 

Statistical analysis 

Data are presented as the mean values ± SEM (standard error of the mean). 

Differences between groups were analyzed using unpaired Student’s t-test, with 

Welch’s correction where appropriate, or one-way or two-way ANOVA followed 

by post-hoc Bonferroni multiple comparison test. Values of p<0.05 were 

regarded as being statistically different.  

RESULTS  

Bedding intake  

In control (S+S) rats, some bedding intake was observed during the first hour of 

the study, but this decreased in the remaining observation periods and was not 

present at all during the third and the fourth hours (Fig. 1). Bedding intake in 

animals treated with granisetron only (Grani+S) was similar to that of control 

animals all along the 4 hours of the study. In animals treated with cisplatin only 

(S+C6) bedding intake was always higher than in control animals and the 

difference was statistically significant during the second hour after cisplatin 
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administration. Granisetron administered prior to cisplatin was able to prevent 

the increase in bedding intake induced by the antineoplastic drug, particularly 

during the first 2 hours (at this time-point, the difference with S+C6 group was 

highly significant, but not significant with S+S group), although it overlapped 

with that of S+C6 animals during the third and fourth hours after cisplatin (Fig. 

1).  

 

Radiographic study of general gastrointestinal motility 

Gastric emptying in control (S+S) animals was progressive until 4 hours after 

contrast. At this time-point very little barium remained in the stomach and it 

decreased even further until the end of the study (Fig. 2A). Granisetron alone 

(Grani+S) slightly accelerated the motility curve for this organ at T1 and T2 but 

the effect was significant only at T2. Cisplatin alone significantly delayed gastric 

emptying from T2 to T8 and a great amount of barium could still be seen in the 

stomach of S+C6 animals at T8. Administration of granisetron (Grani+C6) prior 

to cisplatin was able to prevent the effect of cisplatin, and even accelerated 

gastric emptying at T1, although the motility curve turned to be parallel to that 

for the S+C6 group afterwards and was not statistically different from S+S group 

for the remaining time-points. 

 

Small intestinal transit curve in control animals (S+S) showed a typical filling 

phase from T0 to T1, a plateau from T1 to T2, and an emptying phase from T2 

to T8. The curve for animals treated with granisetron only (Grani+S) showed a 

similar profile, although the emptying phase tended to be slightly slower and 

this effect was statistically significant at T4. In the motility curve for the small 

intestine of animals treated with cisplatin only (S+C6), which was similar to that 

in control animals, the plateau was lower. Once again, granisetron was able to 

prevent the effects of cisplatin on small intestinal transit and the curve reached 

a plateau similar to that in control animals, but the emptying phase was slightly 

but significantly slower than those obtained for S+S and S+C6 animals at T4 

(Fig. 2B). 

 

The transit curve for the caecum in control animals showed a typical profile in 

which barium started to fill the organ at T2 and the maximum contents in this 
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organ were reached at T4-T6. Granisetron slightly delayed filling of caecum. 

The difference in contents with those of S+S animals was significant at T4, 

although the values obtained for T6 and T8 were similar. The transit curve in 

S+C6 animals was not different from that in control animals, although the 

maximum values in T4-T8 were to some extent lower than the corresponding 

ones in S+S rats. Granisetron delayed filling of caecum even further in animals 

treated also with cisplatin, although contents at T8 were practically the same as 

in S+S and S+C6 (Fig. 2C).  

 

In control animals (S+S), barium started to be observed in the colorectal fecal 

pellets at T4 and reached the maximum at T8. In animals treated with 

granisetron only (Grani+S), barium was seen in the fecal pellets from T6. In 

cisplatin-treated animals (S+C6), some filling of colorectum was seen at T4, but 

the maximum contents at T8 tended to be lower than in control animals. 

Granisetron prevented the effects of cisplatin and the transit curves for 

Grani+C6 animals tended to be similar again to that of control (S+S) animals 

(Fig. 2D). In any case, differences were not statistically significant among the 

different treatment groups in this region. 

 

The morphometric study of the stomach and caecum showed similar results to 

the semiquantitative analysis. Thus, the stomach size (area of the stomach 

stained with barium) decreased progressively from T0 to T8 in S+S and 

Grani+S animals. However, in cisplatin-treated animals (S+C6), there was an 

initial increase in gastric size from T0 to T1 which stayed enlarged at the 

following time points. In Grani+C6 animals, gastric size did not increase from T0 

to T1, slightly decreased from T0 to T6, and decreased more sharply from T6 to 

T8; although control values at T6 and T8 were not reached, the difference with 

S+C6 animals was significant (Fig. 2E, G). 

 

Regarding the caecum, the curve showing the changes in its size (area stained 

by barium) for control animals (S+S) was very similar to that obtained in the 

semiquantitative analysis. However, the curves obtained for the other three 

treatment groups were displaced to the right to a similar extent (the difference 
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with control animals being statistically significant for S+C6 and Grani+S at T4) 

and similar sizes were reached at T6-T8 for all groups (Fig. 2F, H). 

 

Ex vivo analysis of stomach weight and size 

Compared to control animals (S+S), cisplatin induced an increase in stomach 

weight 4 hours after administration. This was accompanied by an increase in 

stomach size, which was mainly due to an increase in forestomach size (Fig. 

3A-C), but not the gastric corpus (data not shown). Granisetron (Grani+S) alone 

did not significantly alter any of these parameters compared to S+S animals 

(data not shown), whereas it tended to reduce the effect of cisplatin in all 

parameters, but the difference reached statistical significance only for stomach 

weight. Fig. 3D shows representative images of this study. 

 

The results obtained 30 h after cisplatin were similar to those obtained 4 h after, 

when the antineoplastic drug was given alone. However, weight, size of the 

whole stomach and size of the forestomach tended to increase (not decrease) 

in Grani+C6 compared to S+C6 (Fig. 3A’-D’).  

 

Colonic sensitivity  

Abdominal contractions in response to increasing intracolonic pressure in vivo 

were analyzed as a measure of visceral sensitivity. The results of this 

experiment are shown in Figure 4. Control rats showed a progressive increase 

in the number of contractions and % of time with abdominal contractions 

(visceral pain response), as the mechanical stimulus increased, and when the 

pressure was brought back to zero, no further contractions occurred (Fig 4A, C). 

The duration of contractions was similar regardless of the pressure capable of 

producing them (15-75 mm Hg) (Fig 4B).  

 

In rats treated with cisplatin (S+C6), granisetron (Grani+S) or both (Grani+C6), 

there was also a progressive increase in the number of abdominal contractions 

with increasing mechanical stimulation, but the area under the curve tended to 

be lower than in control rats (Fig 4A). The duration of contractions was similar in 

all groups in response to increasing pressure (Fig 4B). Regarding the % of time 

with abdominal contractions, compared to control rats (S+S), the animals 
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treated with only cisplatin (S+C6) showed values significantly lower at 45, 60 

and 75 mm Hg and those treated with granisetron plus cisplatin (Grani+C6) at 

60 and 75 mm Hg (Fig 4C). 

 

Histopathological analysis of gastrointestinal regions  

The histological pattern in HE stained sections of the stomach did not 

demonstrate any relevant change 4 h after cisplatin treatment compared to 

control rats. Granisetron did not have any effect and did not alter histology in 

cisplatin-treated rats either (data not shown).  

 

As shown in Fig. 5 (A-D), at this time-point, ileal samples from cisplatin-treated 

rats were slightly but significantly damaged when compared to controls. Ileum 

sections from rats treated with granisetron alone (not shown) or together with 

cisplatin, scored lower but not significantly different to the sections of the ileum 

from cisplatin-treated animals and controls. Scores higher than controls in this 

experiment were mainly due to the presence of inflammatory infiltrates in the 

mucosa. Regarding the colon (Fig. 5A’-D’), treatment with cisplatin caused an 

increase in the number and extension of inflammatory infiltrates. The addition of 

granisetron relieved the effect caused by cisplatin but not significantly.  

 

At 30 h after cisplatin, some structural damage was observed in the 

forestomach and at the apical area of the corpus glands after cisplatin treatment 

and granisetron did not relieve this (Fig 6). Also, exposure to cisplatin was to 

some extent detrimental to ileal architecture (Fig. 7B, D): some villi appeared 

damaged and a clear increase in immune cell infiltrations was seen. 

Granisetron (Fig. 7C, D) did not evoke any improvement in these parameters. 

Finally, no significant effect of cisplatin, alone or combined with granisetron, 

was observed in colonic samples (Fig. 7A´-D´).  

 

DISCUSSION  

Here we examined the effects of the antineoplastic drug cisplatin and the 5-HT3 

receptor antagonist granisetron, alone or combined, on gastrointestinal motility 

and colonic sensitivity in the rat. Cisplatin was used at a dose known to induce 

pica (a surrogate marker of nausea in non-vomiting species (6,13-18)) and 
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gastric dysmotility (15). Here, both effects were seen: pica, as bedding intake 

(23); and gastric dysmotility, as reduced gastric emptying and gastric distension 

in both X-rays and ex vivo. This dose of cisplatin induced only minor histological 

alterations of the gut wall and not frank mucositis at the time-points evaluated. 

Granisetron, which is able to prevent kaolin intake (35), prevented also bedding 

intake and gastric dysmotility occurring shortly (up to 4 h) after cisplatin 

administration. In contrast, both drugs, alone or combined, reduced to a similar 

extent the number of the abdominal contractions produced in the rat in 

response to mechanical stimulation of the colon.  

 

Cisplatin is a highly emetogenic drug (36) and often used in the search for new 

antiemetics (7). In rodents, which are the most commonly used laboratory 

animals, indirect markers of nausea/vomiting need to be used because they 

lack the motor limb of the emetic reflex. In rats, these indirect markers include 

paired taste avoidance (37), gaping (38), changes in facial expression (39) and 

pica (13, 23). Pica has been shown to be induced after both single (14, 15) and 

repeated administration of cisplatin (16-18). Pica, measured here as bedding 

intake, was particularly intense 1-2 hours after cisplatin, and granisetron was 

able to reduce this behavior which is consistent with previously reported block 

of cisplatin-induced kaolin intake (35, 40). Thus, bedding intake recording 

provides an easy, non-sophisticated and non-stressful method (the absence of 

bedding in the cage, often removed in kaolin intake experiments, is stressful for 

rodents) to evaluate the immediate effect of emetogenic stimuli like opiates (23) 

and cisplatin (present report), and it might prove useful to evaluate other 

emetogenic stimuli like rotation (41) or abdominal radiation (43).         

 

Emetogenic stimuli also induce gastric dysmotility. This has been used as an 

indirect marker of nausea in rodents (20,21,43) but occurs likewise in non-

rodent species (44,45). Similar to previous reports (15,20,21,46), our study 

demonstrated that cisplatin at 6 mg kg-1

 

 reduced gastric emptying and produced 

gastric distension, mainly due to the distension of the forestomach. Gastric 

dysmotility associated to this high dose of cisplatin was observed as soon as 20 

min after administration (21) and lasted for at least 3 days (15).  
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Granisetron blocked cisplatin-induced bedding intake and gastric dysmotility, 

mainly during the first two hours after administration. Immediately after 

administration, cisplatin induces the massive release of serotonin from the 

enterochromaffin cells (10,47) and this effect directly accounts for gastric 

dysmotility (48). The serotonin receptors involved in this immediate effect of 

cisplatin, located on vagal afferents innervating the upper gastrointestinal tract, 

are mainly of the 5-HT3

 

 type, and thus granisetron and other antiemetics 

sharing the same mechanism of action are useful to prevent this effect, facilitate 

gastric emptying and block gastric (forestomach) distension (21).  

Granisetron did not prevent gastric dysmotility at 30 h after cisplatin. The 

relatively short-lasting gastroprokinetic effect of granisetron seen here is 

probably mainly due to its short half-life (in rats, only 0.7 h after iv administration 

(49,50)). However, it is important to note that, at a later stage after cisplatin 

administration, other mechanisms of action take place (44,51), including the 

release of other neurotransmitters (like substance P) and even pro-inflammatory 

mediators, thus making 5-HT3 antagonists less efficacious to control delayed 

emesis (52), delayed pica (35) and delayed gastric dysmotility (20), even when 

repeated administration or extended-release formulations are used (53). 

Furthermore, upon cyclic use of cisplatin, 5-HT3

 

 antagonists may lose efficacy 

(21,54). These facts justify the search for new antiemetics (4,7). 

Even though we used a high dose of cisplatin with profound effects on gastric 

motility, and despite the fact that serotonin released from the enterochromaffin 

cells may contribute itself to triggering intestinal inflammation (55), very little 

structural damage was found at 4 and 30 h after treatment, and this was mainly 

associated with an increased occurrence of lymphoid nodules in the intestinal 

regions, particularly in the ileum. Damage was found in the forestomach and at 

the apical part of some glands in the corpus only 30 h after cisplatin 

administration, suggesting that, at that time-point (but not at T4), cisplatin had 

already triggered apoptosis and inhibition of cell proliferation in this tissue (56, 

57). Ileum was more consistently sensitive to cisplatin, but damage scores 

obtained in both ileum and colon, although significant in some cases, were 

relatively low. Thus, cisplatin-induced immediate gastric dysmotility might be 
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related to the presence of some early inflammatory reactions (mainly lymphoid 

nodule activation), occurring as soon as 4 hours after cisplatin administration, 

but not to the presence of frank mucositis, which may need more time to 

develop (28). Although granisetron blocked cisplatin-induced early gastric 

dysmotility (and bedding intake), it did not clearly protect against nor clearly 

increased any of these damaging effects of cisplatin on the gut wall, suggesting 

that they might be due to serotonin-independent mechanisms.  

 

In contrast to somatic neuropathy, not much is known about the effects of 

cancer chemotherapy on visceral sensitivity, particularly in experimental 

animals. In a recent study (32), paclitaxel intraperitoneally administered dose-

dependently induced visceral pain in the rat up to 100 min after administration. 

The presence of writhing responses was used as a marker of spontaneous 

visceral pain. Writhing responses were not observed in our bedding intake 

experiments (lasting for 4 hours after cisplatin), suggesting that, in contrast to 

paclitaxel, intraperitoneal cisplatin does not induce immediate spontaneous 

abdominal pain.  

 

Thus, we evaluated the effects of cisplatin on abdominal pain in response to 

colonic mechanical stimulation. In all groups of animals, the number of 

abdominal contractions increased in a pressure-dependent manner. 

Importantly, abdominal contractions had a fairly homogeneous duration of 1.3-

1.7 s, suggesting that abdominal muscle motor function itself was not altered by 

treatments. However, animals treated with cisplatin, granisetron, or both 

showed a lower response (significant for % of time with abdominal contractions) 

than control (S+S) animals, suggesting that both drugs inhibited colonic 

sensitivity to mechanical stimulation. Interestingly, in rats subjected to colonic 

mechanical stimulation, cisplatin and granisetron effects on gastric weight and 

size were maintained (data obtained ex vivo after the visceral pain experiment, 

not shown).  

 

Cisplatin alone did not increase but inhibited colonic sensitivity to mechanical 

stimulation. Although time-points after cisplatin administration for visceral pain 

assessment and histology  were not exactly the same (studies were performed 
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2.5-3.5 h and 4 h after cisplatin, respectively), it could be speculated that the 

increased lymphoid nodules found in cisplatin-treated animals, in the absence 

of frank mucositis, have an anti-inflammatory (and not a pro-inflammatory) role 

in the few hours after administration. However, in a previous report (58), acute 

intraduodenally applied serotonin attenuated the visceromotor response to 

colorectal distension, in a manner sensitive to both granisetron and the 

cannabinoid receptor 1 (CB1) antagonist AM251. It was suggested that 

serotonin activated vagal 5-HT3

 

 receptors in the duodenum, leading to the 

duodenal release of anandamide which reduced pain through activation of CB1 

receptors. Interestingly, activation of CB1 receptors suppresses gastric 

emptying and intestinal transit (59), and inactivation of CB1 receptors with 

AM251 improved gastric dysmotility induced by vincristine (60) and cisplatin 

(data not shown). Therefore, although other mechanisms cannot be discarded, 

serotonin-induced anandamide release and activation of CB1 receptors might 

reduce visceral pain (and induce gastric dysmotility) in the few hours after 

cisplatin.  

Granisetron alone tended to reduce abdominal contractions in response to tonic 

mechanical stimulation, particularly at the high pressures used. Furthermore, in 

animals treated with both granisetron and cisplatin, gastric dysmotility was 

corrected, but inhibition of visceral pain was maintained (and filling of caecum 

was even further delayed). In these animals, a different mechanism, other than 

duodenal serotonin release and vagal 5-HT3 receptors activation, must be 

involved in visceral pain inhibition. Recently, 5-HT3 receptors were 

demonstrated to be involved in abdominal pain transmission within the 

ventrolateral medulla, occurring in response to noxious colorectal distension 

(61). Although the origin of serotonin released in those experiments was not 

determined, in conditions of colonic hypersensitization, like irritable bowel 

syndrome (IBS), serotonin may be released from intestinal mast cells, 

contributing to abdominal pain (62). This underlies the analgesic effect of 5-HT3

 

 

antagonists in IBS, with increased intestinal transit time (also seen here) and 

constipation as their main adverse effects (63), and might also be involved in 

granisetron effects (alone or combined with cisplatin) on colonic sensitivity.   
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In conclusion, cisplatin (at a dose able to induce gastric dysmotility) and 

granisetron (at a dose able to counteract cisplatin-induced gastric dysmotility 

and nausea-like behavior), alone or combined, were able to reduce colonic 

sensitivity to tonic mechanical stimulation, suggesting important mechanistic 

differences with nausea and gastric dysmotility that warrant further 

investigation.     
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Figure 1. Effect of acute administration of granisetron and/or cisplatin on 

bedding intake after drug administration. Animals received two intraperitoneal 

(i.p.) administrations 30 min apart. The first one was granisetron (Grani, 1 mg 

kg-1) or saline (S, 1 ml kg-1). The second one was S or cisplatin (6 mg kg-1, C6). 

Animals were placed into individual cages, provided with food, water and wood 

shaving bedding. Acute bedding intake (indirect index of nausea) was recorded 

as the number of times each rat ate the bedding in its cage every hour for 4 

hours. Values represent mean ± SEM (n=6-7 all groups). ***p<0.001 vs S+S; 

###

 

p<0.001 vs S+C6.  

Figure 2. Effect of cisplatin and/or granisetron on general gastrointestinal motor 

function and on size of stomach and caecum in the rat. General gastrointestinal 

transit was assessed using radiographic methods in: A. Stomach (gastric 

emptying); B. Small intestine; C. Caecum; D. Colorectum. Animals received two 

intraperitoneal (i.p.) administrations 30 min apart. The first one was saline (S, 1 

ml kg-1) or granisetron (Grani, 1 mg kg-1). The second one was S or cisplatin (6 

mg kg-1, C6). Barium sulphate (2.5 ml, 2 g ml-1) was gavaged after cisplatin or 

saline. The size of stomach (E) and caecum (F) was evaluated using Image J 

(see text for details). Values represent mean ± SEM (n=8, all 

groups). *p<0.05, **p<0.01, ***p<0.001 vs S+S; #p<0.05, ###

 

p<0.001 vs S+C6. 

Two-way ANOVA followed by Bonferroni post-hoc test. G and H show 

representative images of animals treated with S+S, Grani+S, S+C6 or Grani+C6 

(left to right, respectively), 4 (G) and 8 (H) h after contrast administration. Scale 

bar: 3 cm.  

Figure 3. Effect of acute administration of granisetron and/or cisplatin on 

stomach weight, whole stomach size and forestomach size in the rat. Animals 

received two intraperitoneal (i.p.) administrations 30 min apart. The first one 

was saline (S, 1 ml kg-1) or granisetron (Grani, 1 mg kg-1). The second one was 

of S or cisplatin (6 mg kg-1, C6). Stomachs were obtained 4 (upper panel) or 30 

h (lower panel) later for measurement of weight and size. Size was measured 

using Image J (see text for details). A, A’: Stomach weight. B, B’: Whole 

stomach size (area). C, C’: Forestomach size (area). D, D’: Representative 

images of stomachs from animals treated with S+S (a, a’), S+C6 (b, b’), 
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Grani+C6 (c, c’). Values represent mean ± SEM (n=8, all 

groups). *p<0.05, **p<0.01, ***p<0.001 vs S+S; #

 

p<0.05 vs S+C6. One-way 

ANOVA followed by Bonferroni post-hoc test. Ruler: in cm. 

Figure 4. Effect of acute administration of granisetron and/ or cisplatin on 

abdominal contractions in response to mechanical intracolonic stimulation in the 

rat. Animals received two intraperitoneal (i.p.) administrations 30 min apart. The 

first one was granisetron (Grani, 1 mg kg-1) or saline (S, 1 ml kg-1). The second 

one was S or cisplatin (6 mg kg-1, C6). A balloon was inserted into the colon of 

the rat, and was connected to a sphygmomanometer, through which pressure 

was increased in steps of 15 mm Hg every 5 minutes, 2 hours after the 

administration of the drugs. A. Number of abdominal contractions; B. Duration 

of abdominal contractions; C. Percentage of time with abdominal contractions. 

Values represent mean ± SEM (n=6-7 each group). *p<0.05, **

 

p<0.01, vs S+S. 

Two-way ANOVA followed by Bonferroni post-hoc test. 

Figure 5. Effect of acute administration of granisetron and/or cisplatin on 

histological appearance of gut wall 4 h after cisplatin administration in the rat. 

Animals received two intraperitoneal (i.p.) administrations 30 min apart. The first 

one was granisetron (Grani, 1 mg kg-1), or saline (S, 1 ml kg-1). The second one 

was S or cisplatin (6 mg kg-1, C6). Samples were obtained 4 h later for 

conventional histological analysis. Representative images of sections stained 

with hematoxylin-eosin (HE) from ileum (upper panel, A-C, scale bar: 200 µm) 

and colon (lower panel, A’-C’, scale bar: 400 µm) are shown. Results of the 

semiquantitative analysis of the histological sections are shown in D (ileum) and 

D’ (colon). A, A’ (and white bar in D, D’): control animals treated with S+S. B, B’ 

(and red bar in D, D’): animals treated with S+C6. C, C´ (and blue bar in D, D’): 

animals treated with Grani+C6. Dotted horizontal lines in D and D’ represent 

maximum values for histological damage in each tissue. Values represent mean 

± SEM (n=8, all groups). *p<0.05, **

 

p<0.01 vs S+S. One-way ANOVA followed 

by Bonferroni post-hoc test. Scale bar: 200 (ileum) and 400 µm (colon). Arrows 

indicate inflammatory nodules. 
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Figure 6. Effect of acute administration of granisetron and/or cisplatin on 

histological appearance of stomach wall 30 h after cisplatin administration in the 

rat. Animals received two intraperitoneal (i.p.) administrations 30 min apart. The 

first one was saline (S, 1 ml kg-1) or granisetron (Grani, 1 mg kg-1). The second 

one was S or cisplatin (6 mg kg-1

 

, C6). Samples were obtained 30 h later for 

conventional histological analysis. Representative images of sections stained 

with hematoxylin-eosin (H-E) from the corpus (upper panel, A-C, scale bar: 400 

µm) and forestomach (lower panel, A’-C’, scale bar: 400 µm) are shown. 

Control animals treated with S+S: A, A´. Animals treated with S+C6: B, B´. 

Animals treated with Grani+C6: C, C´. Scale bar: 200 and 400 µm (corpus and 

forestomach, respectively). 

Figure 7. Effect of acute administration of granisetron and/or cisplatin on 

histological appearance of gut wall 30 h after cisplatin administration in the rat. 

Animals received two intraperitoneal (i.p.) administrations 30 min apart. The first 

one was of granisetron (Grani, 1 mg kg-1), or saline (S, 1 ml kg-1). The second 

one was S or cisplatin (6 mg kg-1, C6). Samples were obtained 30 h later for 

conventional histological analysis. Representative images of sections stained 

with hematoxylin-eosin (HE) from the ileum (upper panel, A-C) and colon (lower 

panel, A’-C’) are shown. Results of the semiquantitative analysis of the 

histological sections are shown in D (ileum) and D’ (colon). A, A’ (and white bar 

in D, D’): control animals treated with S+S. B, B’ (and red bar in D, D’): animals 

treated with S+C6. C, C´ (and blue bar in D, D’): animals treated with Grani+C6. 

Dotted lines in D and D’ represent maximum values for histological damage in 

each tissue.  Values represent mean ± SEM (n=8, all groups). *p<0.05, **

 

p<0.01 

vs S+S. One-way ANOVA followed by Bonferroni post-hoc test. Scale bar: 400 

µm. Arrows indicate inflammatory nodules. 
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