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Background: Certain antineoplastic drugs cause gastrointestinal disorders even

after the end of treatment. Enteric neuropathy has been associated with some of

these alterations. Our goal was to assess the impact of repeated treatment with

cisplatin and vincristine on the contractility of circular and longitudinal muscle

strips isolated from the rat colon.

Methods: Two cohorts of male rats were used: in cohort 1, rats received one

intraperitoneal (ip) injection of saline or cisplatin (2 mg kg−1 week−1) on the first

day of weeks 1–5; in cohort 2, rats received two cycles of five daily ip injections

(Monday to Friday, weeks 1–2) of saline or vincristine (0.1 mg kg−1 day−1). Body

weight and food and water intake were monitored throughout the study. One

week after treatment, responses of colonic smooth muscle strips to acetylcholine

(10−9–10−5 M) and electrical field stimulation (EFS, 0.1–20 Hz), before and after

atropine (10−6 M), were evaluated in an organ bath.

Results: Both drugs decreased body weight gain. Compared to saline, cisplatin

significantly decreased responses of both longitudinal and circular smooth

muscle strips to EFS, whereas vincristine tended to increase them, although

in a non-significant manner. No differences were observed in the muscle

response to acetylcholine. Atropine abolished the contractile responses induced

by acetylcholine, although those induced by EFS were only partially reduced in

the presence of atropine.

Conclusion: The findings suggest that although both drugs cause the

development of enteric neuropathy, this seems to have a functional impact
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only in cisplatin-treated animals. Understanding the effects of chemotherapy

on gastrointestinal motor function is vital for enhancing the quality of life of

cancer patients.
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1 Introduction

Chemotherapy is a widely used treatment for cancer, but,
unfortunately, it is associated with numerous adverse effects,
including nausea and vomiting, gastrointestinal (GI) dysmotility
and somatic and enteric neuropathy (McQuade et al., 2016b;
Nurgali et al., 2018, 2022; Bagues et al., 2022; Was et al., 2022). Due
to these adverse effects, both patient quality of life and the efficacy
of the anti-cancer treatment decreases, sometimes leading to a dose
reduction or even treatment discontinuation.

Cisplatin and vincristine are two antineoplastic drugs
extensively used for the treatment of various types of cancer. These
two drugs have different structures and mechanisms of action
(Gidding et al., 1999; Ghosh, 2019; Was et al., 2022). Specifically,
they are used to treat ovarian (Chandra et al., 2019), testicular (de
Vries et al., 2020) and lung cancer (Zhang et al., 2017; Lv et al.,
2021), among others, and their use is associated with prominent GI
disorders (Jordan et al., 2005; McQuade et al., 2016b; Shahid et al.,
2018).

Cisplatin is one of the most broadly used chemotherapeutic
drugs, but its use leads to toxicities such as nephrotoxicity,
neurotoxicity, ototoxicity and GI toxicity (Shahid et al., 2018;
Qi et al., 2019). The variety in cisplatin’s toxicity is due to its
mechanisms of action, including a prominent role in the inhibition
of DNA synthesis at any stage of the cell cycle by producing cross-
links in the DNA strands (Nurgali and Abalo, 2022). Cisplatin
is the reference drug to study new antiemetic treatments (Jordan
et al., 2005; Andrews and Horn, 2006; Andrews and Sanger,
2014), because about 70–80% of patients treated with this drug
experience nausea and emesis (Jordan et al., 2005; Shahid et al.,
2018). Emesis has been linked to delayed gastric emptying and
distension of the stomach, also resulting in decreased appetite (Vera
et al., 2006; Rapoport, 2017). In addition, 67% of patients receiving
high doses of cisplatin experience diarrhea during the first 24 h
after administration (Kris et al., 1988; Gibson and Stringer, 2009;
Shahid et al., 2018). In rats, cisplatin decreased the absorption
of water and electrolytes in the jejunum (Bearcroft et al., 1999),
which could underly diarrhea seen in clinical settings. In contrast,
studies in rats administered repeated cisplatin treatments have
shown gastric dysmotility, reduced upper GI transit and reduced
colonic contractions in response to stimulation with an intracolonic
balloon (Vera et al., 2011), suggesting constipation (Cabezos et al.,
2010; Uranga et al., 2017). These long-term alterations appear to be

Abbreviations: A1, amplitude 1; A2, amplitude 2; ACh, acetylcholine; CM,
circular muscle; EFS, electrical field stimulation; GI, gastrointestinal; ip,
intraperitoneal; LM, longitudinal muscle; nNOS, neuronal NO synthase; NO,
nitric oxide; PA, phasic amplitude; TA, tonic amplitude.

associated with the development of an enteric neuropathy, which
has been demonstrated for both cisplatin (Vera et al., 2011; Nardini
et al., 2020; López-Tofiño et al., 2021) and other platinum-derived
drugs (Wafai et al., 2013; McQuade et al., 2016a; Stojanovska et al.,
2018).

Similarly, vincristine is limited by its toxic effects and often
used in combination with other chemotherapy drugs. It acts
by binding to the microtubule protein tubulin, blocking cell
division during metaphase, preventing the polymerization of
tubulin microtubule formation and inducing depolymerization of
the formed microtubules (Martino et al., 2018). In the GI tract,
vincristine causes paralytic ileus and constipation (Legha, 1986;
Anderson et al., 1987), as confirmed in experimental animals
(Sninsky, 1987; Peixoto Júnior et al., 2009; Vera et al., 2017; López-
Gómez et al., 2018).

Although the mechanisms underlying GI motility disturbances
associated with cancer therapy require further investigation, they
may be due to a combination of different events, such as
inflammation (including that associated with dysbiosis, Wu et al.,
2019), secretory and motor dysfunction, as well as the neurotoxicity
caused by chemotherapy in the neurons of the digestive tract.
Enteric neuropathy has been demonstrated after chemotherapy
treatments (Vera et al., 2011; Wafai et al., 2013; Stojanovska et al.,
2015; McQuade et al., 2016c; Donald et al., 2017; Escalante et al.,
2017; Appelbaum et al., 2018; Nardini et al., 2020), and in particular
after cyclic treatment with vincristine (López-Gómez et al., 2018)
and cisplatin (Vera et al., 2011; López-Tofiño et al., 2021).

Using GI tract preparations from animals treated with
chemotherapy may be helpful to study the mechanisms by which
these drugs induce an effect on GI transit and thus find more
effective treatments. To our knowledge, there is no in vitro study
using colon smooth muscle strips from animals treated with
chemotherapy. Therefore, the aim of this study was to elucidate
the effects of two different antitumor drugs commonly used
(cisplatin and vincristine) on the in vitro contractility of circular
and longitudinal smooth muscle strips of the isolated rat colon.

2 Materials and methods

The experiments were carried out at Universidad Rey Juan
Carlos (URJC) and were designed and performed according to
the EU Directive for the Protection of Animals Used for Scientific
Purposes (2010/63/EU) and Spanish regulations (Law 32/2007, RD
53/2013 and order ECC/566/2015) and approved by the Animal
Ethics Committee at URJC and Comunidad Autónoma de Madrid
(PROEX 061/18). Every effort was made to minimize animal pain
and discomfort as well as to reduce the number of animals used.
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2.1 Animals and experimental protocol

Male Wistar rats from the Veterinary Unit of URJC were
randomly allocated to two different cohorts, cohort 1 (268–
387 g; control n = 7, cisplatin n = 9) and cohort 2 (282–
338 g; control n = 10, vincristine n = 8), according to the
experimental protocol used (see below). Animals were housed
in groups (3–4/cage) in open-topped standard transparent cages
(60 cm × 40 cm × 20 cm) under environmentally controlled
standard conditions (temperature 20◦C and humidity 60%), with
a 12 h light/12 h dark cycle (lights on from 8:00 to 20:00).
Animals had free access to standard laboratory rat chow (Harlan
Laboratories Inc.) and sterile tap water.

Cohort 1, consisted of 2 experimental groups: one group
received an intraperitoneal (ip) injection of cisplatin (2 mg kg−1)
and the second group was treated with saline (0.9% NaCl w/v,
2.5 mL kg−1) on the first day of each week for 5 consecutive weeks.
This dose and route of administration are commonly used in rats
to induce a wide range of toxic effects (Cabezos et al., 2010; Abalo
et al., 2013; Vera et al., 2014) that are observed in humans and lie
within the limits of tolerable toxicity. To reduce cisplatin-induced
nephrotoxicity, 2 mL of saline was injected subcutaneously 20 min
before ip saline or cisplatin (López-Tofiño et al., 2021). Similarly,
cohort 2 also consisted of 2 experimental groups: rats received five
daily ip injections (Monday to Friday) of saline (2.5 mL kg−1) or
vincristine (0.1 mg kg−1), for 2 consecutive weeks. This dose of
vincristine was selected based on reports indicating its effectiveness
in inducing GI alterations and enteric neuropathy in rats (López-
Gómez et al., 2018). To administer the different drugs, the volumes
of the vehicles were adjusted to a maximum of 2.5 mL kg−1 of
the animal weight. The experimental protocol for each cohort is
illustrated in Figure 1.

Body weight, and food and liquid intake were monitored
throughout the study. One week after treatment finalization (week
6 in cohort 1 and week 3 in cohort 2), the animals were euthanized
under anesthesia with sodium pentobarbital (60 mg kg−1) and the
colon was used to study smooth muscle contractility in organ bath.

All analyses were performed by experienced researchers,
blinded to the treatment administered to each animal.

2.2 Contractility study in organ bath

The distal colon was placed on a Petri dish lined with Sylgard R©

(Farnell, Madrid) and filled with oxygenated Krebs solution (see
section “2.3 Compounds and drugs”). The colon piece was spread
out, and the fat and mesentery were removed. A longitudinal cut
was made along the mesenteric border, so that the mucosa was
exposed. Then, the preparation was manually stretched and fixed
to the layer of Sylgard R© with entomology pins (200 µm diameter;
Entomopraxis, Barcelona, Spain). Subsequently, the mucosa and
submucosa were removed by sharp peeling with fine forceps. From
the remaining sheet of muscle, which contained both circular
muscle (CM) and longitudinal muscle (LM) with the myenteric
plexus in between the two muscle layers (thus, the myenteric
neurons were not damaged), colonic strips were obtained by cutting
perpendicular or parallel to the longitudinal axis of the colon, to
study the contractility of the CM or LM, respectively. From each rat,

4 strips of muscle in each direction (CM and LM) were obtained,
with an approximate size of 10 mm× 5 mm each (Figure 2A).

Tissue strips were suspended in organ bath cups, filled with
10 mL of Krebs solution, at 37◦C, and aerated with carbogen (95%
O2 and 5% CO2). The preparation was fixed at one end by a thread
to a lower electrode, and passed through a second, ring-shaped one
(separation between electrodes: 0.7–1 cm); the thread was tied to
an isometric force transducer that allowed the contractile activity
of the strips to be registered, and through an amplifier system
(PowerLab/4e, ADInstruments Ltd., Oxford, United Kingdom),
visualized, recorded and analyzed using Labchart software
(ADInstruments Ltd., Oxford, United Kingdom). The strips
were given an initial tension equivalent to a load of 1 g
(Abalo et al., 2007).

The protocol for the organ bath experiments is illustrated
in Figure 2A. After a stabilization phase of 60 min, with three
renewals of Krebs solution every 20 min and tension readjustments
to initial conditions, when needed, the functionality of the strips
was evaluated by adding potassium chloride (KCl) at 50 mM. Then
two renewals of Krebs solution were performed throughout a 10-
min period, the first renewal 3 min after KCl administration. The
response to this initial stimulation with KCl was used as a reference
for the other contractile responses.

Two different stimuli were tested, electrical and chemical. First,
electrical field stimulation (EFS) was performed, applying trains
of electrical pulses (each pulse, 0.3 ms, 100 V) with a duration of
10 s and increasing frequencies (0.1–20 Hz) every 5 min, without
Krebs renewal. Five min after the last EFS, the contractile response
to acetylcholine (ACh) at different concentrations (10−8–10−5 M)
was evaluated. Each concentration of ACh was administered every
10 min, with two renewals of Krebs solution in between, the first
washout approximately 3 min after drug administration, always
after having obtained the maximum contraction response and a
plateau corresponding to the tonic contraction.

Once both curves had been accomplished, the response to
the same electrical and chemical stimulation was analyzed in the
presence of atropine at 10−6 M. First, the EFS curve was performed,
as in the first part of the protocol. Then, the highest concentration
of ACh (10−5 M) was added, without Krebs renewals.

Finally, Krebs was renewed twice during the 10 min after ACh
administration and 50 mM of KCl was added again to the cup, to
evaluate the possible effects that the entire experimental procedure
could have induced on the preparations. Finally, after 2 Krebs
renewals, the muscle strips were removed and weighed.

The data obtained from the organ bath studies were analyzed
with LabChart software. Regarding KCl and ACh, the amplitude
of the two components of the contraction was measured: phasic
amplitude (PA) and tonic amplitude (TA, which was considered as
the average of the first 1–3 min in which the contraction reaches
a stable value after PA) (see Figure 2B.a). For the contractile
response induced by EFS, both the maximum amplitude of the
response observed during the 10 s of stimulation (Amplitude 1,
A1) and the maximum response after the stimulation had ceased
(Amplitude 2, A2) were measured (Figure 2B.b). All the mentioned
amplitudes represent the tension exerted by the muscle strip, and
were measured in g.

Preparations were discarded if they were damaged during the
experiment or did not reach PA values of 0.1 g in the case of LM or
0.4 g in the case of CM after the first stimulation with KCl.
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FIGURE 1

Experimental protocol to study the effects of cisplatin and vincristine in the rat. COHORT 1: Rats were intraperitoneally (ip) administered with saline
(2.5 mL kg−1) or cisplatin (2 mg kg−1) for 5 consecutive weeks (weeks 1–5). Treatments were: saline (black, n = 7) and cisplatin (red, n = 9). COHORT
2: The rats were ip administered with saline (2.5 mL kg−1) or vincristine (0.1 mg kg−1) for 10 days (Monday to Friday, weeks 1–2). Treatments were:
saline (black, n = 10) and vincristine (pink, n = 8). The in vitro study of colonic contractility (IVCC) was performed on week 6 (cohort 1) and week 3
(cohort 2).

The results obtained for each of the strips (CM or LM) were
normalized to their corresponding values of initial KCl, expressed
as % of PA, for PA, A1 and A2, or % of TA for TA.

2.3 Compounds and drugs

Cisplatin was purchased from Sigma-Aldrich (Merck KGaA,
Darmstadt, Germany) and dissolved in saline (sonicated for about
15 min). Vincristine was purchased from Sigma-Aldrich and
dissolved in saline.

Acetylcholine (ACh) and the remaining salts and reagents
were obtained from Sigma-Aldrich; atropine (B. Braun, Barcelona,
Spain) was acquired from a general drug store (Pharmacy Atenas,
Alcorcón, Spain).

The different concentrations of ACh were prepared from
a stock of ACh 10−2 M diluted in distilled water. Potassium
chloride 4 M (KCl) was prepared and diluted in distilled water.
Krebs’ solution was prepared fresh every day before starting the
experiments, with the following composition (mM): 118 NaCl;
4.75 KCl; 1.2 MgSO4; 1.19 KH2PO4; 2.54 CaCl2; 25 NaHCO3; 11
Glucose, pH 7.4 (Abalo et al., 2005b).

2.4 Statistical analysis

For statistical analyses Prisma 8.0.2 (GraphPad Software
Inc., La Jolla, CA, USA) was used. Data are presented as the
mean values ± SEM (standard error of the mean). Differences

were analyzed using Fisher’s test, Student’s t-test with Welch’s
correction where appropriate, or one- or 2-way ANOVA followed
by Tukey’s post-hoc test. Values of p < 0.05 were considered
significantly different.

3 Results

3.1 Body weight, food, and water intake

At baseline, the mean body weight of control animals used
in both cohorts was similar (cohort 1: 328 ± 21.25 g; cohort
2: 325 ± 5.77 g; p = 0.99) and body weight reached values of
400± 16.37 g and 350± 8.21 g, for cohorts 1 and 2, respectively, the
differences being due to the different duration of the experimental
protocol (6 and 3 weeks). In cohort 1, cisplatin-treated animals
also gained weight, but at a much lower rate than control
animals, and statistically significant differences were observed from
week 4 until the end of the experiments when comparing both
groups (Figure 3A). In cohort 2, vincristine-treated animals lost
approximately 8% of their initial body weight during the first week
of administration. Although body weight increased slightly during
the second week, the difference in body weight gain was statistically
significant when compared to the control group during both weeks
(Figure 3B).

Throughout the study, the average daily food and water intake
of the control groups were about 24 g and 32 mL (per rat and
day) in cohort 1 (Figures 3C, D) and 19 g and 28 mL (per
rat and day) in cohort 2 (Figures 3E, F), without statistically
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FIGURE 2

Experimental protocol used to study the contractility of colonic
strips in organ bath. (A) Experimental protocol of the in vitro study:
after removal of mucosa and submucosa, muscle strips cut in the
longitudinal and circular direction were suspended in organ baths.
After an initial stabilization period (60 min) with 3 Krebs washes,
50 mM potassium chloride (KCl) was added to study the strips
contractility. After 2 Krebs washes, the strips were subjected to
electrical stimulation at increasing frequencies and then to chemical
stimulation with acetylcholine (ACh) at increasing concentrations.
After each ACh administration, Krebs was changed twice. The same
electrical and chemical stimuli (but this time ACh was used only at
10−5 M) were repeated, in the presence of atropine (10−6 M).
Finally, after a new Krebs renewal, 50 mM KCl was added to the
organ bath, and, after two more Krebs renewals, the strips were
removed and weighed. (B) Representative traces of the contractile
responses. (B.a) KCl and ACh induced a similar biphasic response,
with two components, whose amplitudes were recorded: the first
one was short lasting and occurred immediately after administration
(phasic, PA); the second one occurred after PA, as a plateau that
lasted for 1–3 min (tonic, TA). (B.b) Electrical stimulation (EFS)
induced a biphasic response, with two components, whose
amplitudes were recorded: the first one occurred during EFS (A1)
and the second one occurred once EFS had ended (A2).

significant differences among these groups. Compared with their
corresponding control groups, the mean solid intake in both groups
treated with chemotherapy was reduced (Figures 3C, E), but
these differences were statistically significant only in the cisplatin
group. Regarding liquid intake, cisplatin caused a slight increase
and vincristine a slight decrease compared with their respective
controls, but these differences did not reach statistical significance
(Figures 3D, F).

3.2 Colonic contractility in organ bath

3.2.1 Preparations used in the study
Four preparations of each muscle (LM and CM) were initially

obtained from each animal, but only those that reached the

preset threshold of PA contractile response to KCl 50 mM and
did not rupture during the experiment were used in the study.
No statistically significant differences were obtained between
treatments either in the viability of the preparations or in their
rupture (Table 1; p > 0.05).

The weight of LM and CM strips was significantly higher in
cohort 1 than in cohort 2 (Figures 4A, A’). In contrast, within
the same cohort, the weights of the preparations of the groups
treated with saline or with the corresponding antitumor were not
statistically different.

3.2.2 Responses to potassium chloride (KCl)
All strips were stimulated with 50 mM KCl to test their viability

(see above), and the contractile response to this stimulus was used
as a reference for all the other responses. The amplitudes of the
two components of the contractile response to KCl (PA and TA,
Figure 2B.a) for both CM and LM muscles obtained in cohorts 1
and 2 are shown in Table 2.

Irrespective of the cohort and treatment, the responses of CM
were greater than those of LM (with CM presenting an 80.3%
greater response), the differences being statistically significant
(p < 0.0001; Table 2 and Figures 4B, B’). Responses to initial KCl
in cohort 1 were greater than in cohort 2, the differences reaching
statistical significance for PA in CM from chemotherapy-treated
animals (p < 0.01; Figures 4B, B’). However, when these responses
were normalized to muscle strip weight, the differences were not
statistically significant among cohorts (p > 0.05; Figures 4C, C’).

Moreover, irrespective of the muscle type, cohort and
treatment, in general, the phasic responses were greater than the
tonic ones (with PA presenting a 23.24% higher response), and
the final responses to KCl were slightly lower than those obtained
to the initial KCl administration (1.42–1.05 g; with initial KCl
presenting a 25.9% higher response), but these differences did not
reach statistical significance (Table 2, p > 0.05).

Although without statistically significant differences, both
antitumor agents (cisplatin, cohort 1, and vincristine, cohort 2)
tended to produce higher responses than control to both initial and
final KCl, except for TA (initial and final KCl) in LM in the cisplatin
group and for TA (final KCl) in CM in the vincristine group, which
did not change or were slightly reduced (Table 2; p > 0.05).

3.2.3 Acetylcholine (ACh) stimulation
In both cohorts, the contractions induced by ACh in LM and

CM were concentration-dependent for both the phasic (PA) and
tonic (TA) components, and all of them were completely inhibited
by atropine. In general, LM and CM preparations from control
and treated groups showed similar responses to ACh, for both
components, although TA in CM showed a lower response in
cohort 1 (Figures 5, 6).

In cohort 1, in cisplatin-treated animals compared with control,
TA responses tended to be slightly greater in LM and PA responses
tended to be slightly lower in CM, although the differences did not
reach statistical significance (p > 0.05; Figure 5).

In cohort 2, the responses of LM and CM strips were not
significantly modified by vincristine, but this drug tended to
decrease both responses of LM at lower ACh concentrations
(10−7, 10−6 M) and to increase them at the highest concentration
(10−5 M) (Figures 6A, A’). In CM strips, vincristine tended to
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FIGURE 3

Effect of cisplatin and vincristine on general health parameters in the rat. COHORT 1: body weight gain (A), food intake (C) and water intake (D) were
measured in rats intraperitoneally administered with saline (2.5 mL kg−1) or cisplatin (2 mg kg−1) for 5 consecutive weeks (weeks 1–5). Treatments
were: saline (black line/bar, n = 7), cisplatin (red line/bar, n = 9). COHORT 2: body weight gain (B), food intake (E) and water intake (F) were
measured in rats intraperitoneally administered with saline (2.5 mL kg−1) or vincristine (0.1 mg kg−1) for 10 days (Monday to Friday, weeks 1–2).
Treatments were: saline (black line/bar, n = 10) and vincristine (pink line/bar, n = 8). Food and water intake during treatment in both cohorts [from
week 1 to weeks 5 (cohort 1) or 2 (cohort 2)] is shown. Data represent the mean ± SEM. *p < 0.05, ***p < 0.001, ****p < 0.0001 vs. saline [two-way
ANOVA followed by Tukey’s post-hoc test in (A,D)]; one-way ANOVA followed by Tukey’s post-hoc test in (B,C,E,F).

reduce the PA response whereas TA was similar in both groups
(Figures 6B, B’). In any case, the differences between experimental
groups were not statistically significant (p > 0.05).

3.2.4 Electrical field stimulation (EFS)
In general, the contractile response to EFS was biphasic,

presenting a first component during the 10 s of stimulation (A1)
and a second component after the end of stimulation (A2, also
called “off response”) (Figure 2B.b). The responses observed with
this stimulation were very different in the two types of muscles,

where the A1 response was generally higher than A2 in LM, whereas
the opposite was found in CM.

In cohort 1, the amplitudes of A1 and A2 in LM preparations
increased in a frequency-dependent manner in both experimental
groups, but the values obtained in the strips from cisplatin-treated
animals were significantly lower than in those from the control
group, and this reduction was more pronounced in the case of A2
(Figures 7A, A’). In the presence of atropine, both components of
the contractile response elicited by EFS were suppressed in both
treatment groups, although a small percentage of response non-
sensitive to atropine remained, particularly at higher frequencies.
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TABLE 1 Preparations used in the study.

Preparations used in the study

Longitudinal muscle (LM)

Saline (%) Chemotherapy (%)

Cohort 1 Strips that reached threshold 96.4 94.4

Total muscle fibers ruptured 1.6

Strips used in the study 96.4 94.4

Cohort 2 Strips that reached threshold 60 78.1

Total muscle fibers ruptured 15.3

Strips used in the study 57.5 78.1

Circular muscle (CM)

Saline (%) Chemotherapy (%)

Cohort 1 Strips that reached threshold 92.9 88.9

Total muscle fibers ruptured 15.63

Strips used in the study 82.1 83.3

Cohort 2 Strips that reached threshold 80 90.6

Total muscle fibers ruptured 13.9

Strips used in the study 72.5 87.5

KCl 50 mM was added to the organ bath at the beginning of the experiment. This stimulation produced muscle strip responses (longitudinal, LM, and circular, CM) and only those that reached
the established threshold were considered. During the study, some muscle fibers contracted excessively and ruptured, so only preparations that reached the established threshold and did not
rupture throughout the study were used in the data analysis. Data are expressed as percentage of total strips. No statistically significant differences were obtained between treatments either in
the viability of the preparations or in their rupture (Fisher’s test; p > 0.05; Cohort 1: saline n = 28 strips from N = 7 animals, and cisplatin n = 36 strips from N = 9 animals; Cohort 2: saline
n = 40 strips from N = 10 animals, and vincristine n = 32 strips from N = 8 animals). In bold, % of strips which have been used in the study.

In control animals, at 20 Hz, atropine inhibited 79.66% of the A1
response and 71.77% of the A2 component. In cisplatin-treated rats,
atropine also inhibited both responses (A1 response by 77.76%, A2
by 76.14%).

The contractile responses obtained for CM strips were also
frequency dependent (Figures 7B, B’). As in LM, EFS in the CM
preparations induced smaller responses at both amplitudes (A1 and
A2) in cisplatin-treated animals compared to the control group.
Statistically significant differences were reached for A1 at 20 Hz
(Figure 7B) and for A2, at 10 Hz (Figure 7B’). Atropine reduced
responses to EFS at both amplitudes in CM strips also. In A1 of the
control group, atropine almost completely inhibited the responses
(94.1% at 20 Hz), the differences reaching statistical significance
at high frequencies. In contrast, in the cisplatin-treated group,
atropine was not as effective in decreasing the A1 response (48%
at 20 Hz) and the differences pre- and post-atropine were not
statistically significant (Figure 7B). Interestingly, in A2, atropine
decreased the responses (79.3% and 59.6% for control and cisplatin,
respectively, at 10 Hz) to reach similar values in both groups, and
the differences between pre- and post-atropine were statistically
significant at high frequencies (5–20 Hz in control animals and
10–20 Hz in cisplatin-treated rats) (Figure 7B’).

In cohort 2, the amplitude of A1 in LM preparations was
also frequency dependent. In this case, compared with control,
vincristine tended to increase the A1 response but the differences
between saline and vincristine-treated groups were not statistically
significant (Figure 8A). When atropine was added to the organ
bath, the contractile response elicited by EFS was suppressed in
both treatment groups with statistically significant differences at
the highest frequencies (20 Hz for the control group and 10 and

20 Hz for the vincristine group), presenting an inhibition at 20 Hz
of 71.67% in control and 61.82% in vincristine. In contrast, the
amplitude of the A2 response was less than 25% relative to KCl
at all frequencies in the control group, and vincristine showed
a similar response, without statistically significant differences.
Atropine decreased the response by about 90.52% in control and
80.88% in vincristine, but the differences were not statistically
significant (Figure 8A’).

The results were also frequency dependent in the CM strips
for both components of the contractile response, A1 and A2
(Figures 8B, B’). For A1, the curves obtained for both treatment
groups were overlapped, with the lowest values at 2 Hz and
the highest at 20 Hz. Atropine inhibited the response similarly
in both treatment groups, and the differences reached statistical
significance at both 10 and 20 Hz in the control group (73.91%
inhibition at 20 Hz) and in the vincristine group (74.88%
inhibition at 20 Hz). Finally, A2 increased progressively, with
values reaching a maximum of approximately 100% of the response
to KCl at 20 Hz in both control and vincristine-treated groups,
in a similar manner. Atropine reduced A2 responses and the
differences between pre- and post-atropine values were statistically
significant at 5, 10 and 20 Hz in both groups, presenting an
inhibition at 20 Hz of 76.57 and 66.97% in control and vincristine
groups, respectively.

4 Discussion

For the first time, we have demonstrated the effects of
repeated treatment with two different antitumor drugs in colonic
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FIGURE 4

Phasic response of longitudinal and circular muscle response to the initial potassium chloride administration in cohorts 1 (cisplatin) and 2
(vincristine). Longitudinal and circular strips from rat colon were exposed to 50 mM potassium chloride (KCl). Graphs (A,A’) represent the weight of
circular (CM) and longitudinal (LM) muscle strips of both cohorts. Graphs (B,B’) represent the phasic component of the contractile response in LM
and CM of both cohorts. The results show an average of the tension exerted (expressed in g) by the muscle strips in the organ bath. Graphs (C,C’)
represent the phasic component of the contractile response in LM and CM after normalization to the weight of the corresponding muscle strips of
both cohorts. COHORT 1: The rats were intraperitoneally administered with saline (2.5 mL kg−1) or cisplatin (2 mg kg−1) for 5 consecutive weeks
(weeks 1–5). Treatments were: saline (black, n = 7) and cisplatin (red, n = 9). COHORT 2: The rats were intraperitoneally administered with saline
(2.5 mL kg−1) or vincristine (0.1 mg kg−1) for 10 days (Monday to Friday, weeks 1–2). Treatments were: saline (black, n = 10) and vincristine (pink,
n = 8). Data represent the mean ± SEM. $p < 0.05, $$p < 0.01 vs. cohort 1 (one-way ANOVA followed by Tukey’s post-hoc test).
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TABLE 2 Responses of the muscle strips to KCl stimulation in cohorts 1 and 2.

Response of the muscle strips to KCl stimulation

Longitudinal muscle (LM)

Saline (g) Chemotherapy (g)

Initial Final Initial Final

Cohort 1 Phasic 0.61± 0.25 0.45± 0.15 0.64± 0.09 0.56± 0.08

Tonic 0.51± 0.20 0.40± 0.14 0.47± 0.07 0.40± 0.06

Cohort 2 Phasic 0.33± 0.08 0.34± 0.07 0.43± 0.09 0.46± 0.11

Tonic 0.19± 0.04 0.17± 0.03 0.29± 0.05 0.26± 0.06

Circular muscle (CM)

Saline (g) Chemotherapy (g)

Cohort 1 Phasic 3.09± 0.50 2.24± 0.31 3.87± 0.54 2.61± 0.54

Tonic 2.74± 0.36 1.61± 0.16 3.55± 0.49 2.26± 0.50

Cohort 2 Phasic 1.68± 0.33 1.57± 0.20 1.76± 0.33 1.70± 0.33

Tonic 1.22± 0.19 0.94± 0.15 1.29± 0.16 0.84± 0.07

KCl 50 mM was added to the organ bath at the beginning (initial) and at the end of the experiment (final). This stimulation produced muscle strip responses (longitudinal, LM, and circular,
CM) with two components: phasic and tonic. Data are expressed as the mean of the tension exerted (expressed in g) by the muscle strips in the organ bath± SEM (Two-way ANOVA followed
by Sidak’s post-hoc test, Cohort 1: saline n = 20–27 strips from N = 7 animals, and cisplatin n = 29–34 strips from N = 9 animals; Cohort 2: saline n = 10–32 strips from N = 10 animals, and
vincristine n = 16–29 strips from N = 8 animals). The differences between LM and CM were statistically significant (p < 0.0001; Student’s t-test with Welch’s correction). No other statistically
significant difference was found for the comparisons: phasic vs. tonic; initial vs. final; saline vs. antitumor drug.

longitudinal and circular smooth muscle strip contractility in the
rat. Cisplatin reduced contractile responses to EFS but had no effect
on the responses to ACh. Vincristine did not significantly alter
either response. Although both drugs have been associated with
the development of enteric neuropathy, our present results seem
to indicate a functional impact in cisplatin-treated animals only.

4.1 Effects on the general health of the
animals

At baseline, all animals had similar body weights, which
increased over time in control groups at a similar rate
(Figures 3A, B). As expected, (Vera et al., 2006; Hiura et al.,
2012; Oun et al., 2018; López-Tofiño et al., 2021), cisplatin
treatment decreased body weight gain throughout the study,
reduced food intake and tended to increase liquid intake. In
agreement with previous reports (Authier et al., 2003; Bujalska and
Gumułka, 2008; Peixoto Júnior et al., 2009; López-Gómez et al.,
2018), vincristine induced a 10% body weight loss and tended
to decrease food intake. These results suggest that anorexia is
an important and robust effect of cisplatin, probably associated
with its effects on gastric motility, such as delayed gastric
emptying and gastric distension (Vera et al., 2006; Rapoport, 2017;
López-Tofiño et al., 2021). Conversely, although anorexia may
also occur initially during vincristine treatment (López-Gómez
et al., 2018), other mechanisms of action must contribute to
its effect on body weight. This effect could be due to increased
energy expenditure, but not to increased defecation or diarrhea,
as vincristine causes delayed GI transit and fecal retention
(Sninsky, 1987; Peixoto Júnior et al., 2009; Vera et al., 2017;
López-Gómez et al., 2018).

4.2 Colonic strip contractility

In the in vitro study of colonic contractility, we evaluated
two different types of muscular response: the neuronal response
to EFS (which activates the release of different neurotransmitters
from the myenteric neurons, Thein et al., 2020) and the muscular
response to ACh (which activates cholinergic receptors, particularly
the muscarinic receptors present in the muscle cells). KCl was used
to evoke non-specific muscle and nerve activation (Yildiz et al.,
2007; Straface et al., 2020).

4.2.1 Responses to KCl
The KCl response was utilized as a reference for tissue integrity

and a maximal response, as reported previously (Yildiz et al.,
2007; Straface et al., 2020). An exclusion criterion was established
to ensure that only viable preparations were included, avoiding
the use of preparations possibly damaged during manipulation.
LM preparations were more frequently excluded, particularly in
cohort 2, due to their failure to reach the minimum required
response (0.1 g; Table 1). Additionally, a greater proportion of
CM compared to LM preparations were ruptured (Table 1). This
difference is likely attributed to the varying thickness of the
muscle layer, with LM being much thinner (Carbone et al., 2012),
resulting in less intense contractile responses to different stimuli
(and reduced susceptibility to rupture). In contrast, CM’s greater
thickness and richer myenteric neuronal innervation (Furness,
2007; Carbone et al., 2012) likely contribute to a higher intensity
of responses and hence increased susceptibility to rupture of CM
preparation. Nevertheless, a reasonable number of intact LM and
CM preparations per cohort, experimental group and animal could
be used for the study (82.1–96.4% in cohort 1; 60–87.5% in
cohort 2; Table 1).

Frontiers in Neuroscience 09 frontiersin.org

https://doi.org/10.3389/fnins.2023.1304609
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/


fnins-17-1304609 December 12, 2023 Time: 18:32 # 10

López-Tofiño et al. 10.3389/fnins.2023.1304609

FIGURE 5

Longitudinal and circular muscle response to chemical stimulation with acetylcholine in cohort 1: cisplatin. The preparations were exposed to
increasing concentrations of acetylcholine (ACh: 10−8–10−5 M). Atropine was administered at 10−6 M and thereafter, the effect of ACh at 10−5 M
was recorded (arrow). Graphs represent the phasic (A) and tonic (A’) component of the contractile response in longitudinal muscle and the phasic
(B) and tonic (B’) component of the contractile response in circular muscle. Rats were intraperitoneally administered with saline (2.5 mL kg−1) or
cisplatin (2 mg kg−1) for 5 consecutive weeks (weeks 1–5). Treatments were: saline (black line, n = 7) and cisplatin (red line, n = 9). Data represent
the mean ± SEM.

In both LM and CM, stimulation with KCl induced two
distinct components in colonic muscular contraction: a phasic
one followed by a tonic one. KCl initiates smooth muscle
contraction by depolarizing the membrane and activating Ca2+

entry through voltage-sensitive channels in the plasmalemma
mediating the response of both the phasic and tonic components
(Zhou et al., 2008). The phasic component exhibited a greater
response in both muscles (LM and CM) across all cases
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FIGURE 6

Longitudinal and circular muscle response to chemical stimulation with acetylcholine in cohort 2: vincristine. The preparations were exposed to
increasing concentrations of acetylcholine (ACh: 10−8–10−5 M). Atropine was administered at 10−6 M and thereafter, the effect of ACh at 10−5 M
was recorded. Graphs represent the phasic (A) and tonic (A’) component of the contractile response in longitudinal muscle and the phasic (B) and
tonic (B’) component of the contractile response in circular muscle. Rats were intraperitoneally administered with saline (2.5 mL kg−1) or vincristine
(0.1 mg kg−1) for 10 days (Monday to Friday, weeks 1–2). Treatments were: saline (black line, n = 10) and vincristine (red line, n = 8).

(controls, cisplatin, and vincristine) and regardless of the
timing of KCl administration (initial or final). The lower
amplitude of the tonic component compared to the phasic
component aligns with previous studies (Sánchez et al., 2017;
Straface et al., 2020).

When initial and final KCl responses were compared
throughout the experiment, a slight decrease in the phasic and
tonic responses of both muscle preparations was observed, except
for PA in LM of cohort 2, which showed a slight increase in
both control and vincristine groups. However, these modifications
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FIGURE 7

Longitudinal and circular muscle response to electrical field stimulation (EFS) in cohort 1: cisplatin. Longitudinal (LM) and circular (CM) muscle strips
were electrically stimulated, in absence and presence of atropine (10−6M), with 10 s trains of pulses (0.3 ms, 100 V) at frequencies of 0.1–20 Hz.
Amplitudes normalized to the phasic response to KCl 50 mM are represented. (A,A’) Maximum amplitude obtained for each frequency in LM, during
(Amplitude 1, A1) and after (Amplitude 2, A2) electrical stimulation. (B,B’) Maximum amplitude obtained for each frequency in CM during (A1) and
after (A2) electrical stimulation. Rats were intraperitoneally administered with saline (2.5 mL kg−1) or cisplatin (2 mg kg−1) for 5 consecutive weeks
(weeks 1–5). Treatments were: saline (black line, n = 7), saline + atropine (black dotted line, n = 7), cisplatin (red line, n = 9), and cisplatin + atropine
(red dotted line, n = 9). Data represent the mean ± SEM. **p < 0.01, ***p < 0.001, ****p < 0.0001 vs. saline; ##p < 0.01, ###p < 0.001,
####p < 0.0001 vs. cisplatin (two-way ANOVA followed by Tukey’s post-hoc test).

were not statistically significant, indicating that the responses were
minimally affected by the study protocol (Gastreich-Seelig et al.,
2020). The only notable difference between the two cohorts at
baseline occurred in the phasic component of the CM, with cohort
1 displaying a greater response than cohort 2 (Figure 4B). This
difference can be attributed to the muscle strips in cohort 1 being
heavier than in cohort 2 (Figure 4A), probably due to the fact

that these animals were also heavier at sacrifice. When adjusting
for muscle strip weight, the responses of LM and CM in control
and treatment groups (cisplatin and vincristine) did not show any
statistically significant difference (Figure 4C). Finally, although
the differences lacked statistical significance, the antitumor drugs
tended to increase the responses to KCl in both muscle types
(Table 2).
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FIGURE 8

Longitudinal and circular muscle response to electrical field stimulation (EFS) in cohort 2: vincristine. Longitudinal (LM) and circular (CM) muscle
strips were electrically stimulated, in absence and presence of atropine (10−6 M), with 10 s trains of pulses (0.3 ms, 100 V) at frequencies of
0.1–20 Hz. Amplitudes normalized to the phasic response to KCl 50 mM are represented. (A,A’) Maximum amplitude obtained for each frequency in
LM, during (Amplitude 1, A1) and after (Amplitude 2, A2) electrical stimulation. (B,B’) Maximum amplitude obtained for each frequency in CM during
(A1) and after (A2) electrical stimulation. Rats were intraperitoneally administered with saline (2.5 mL kg−1) or vincristine (0.1 mg kg−1) for 10 days
(Monday to Friday, weeks 1–2). Treatments were: saline (black line, n = 10), saline + atropine (black dotted line, n = 10), vincristine (pink line, n = 8)
and vincristine + atropine (pink dotted line, n = 8). *p < 0.05, **p < 0.01, ****p < 0.0001 vs. saline; #p < 0.05, ##p < 0.01, ####p < 0.0001 vs.
vincristine (two-way ANOVA followed by Tukey’s post-hoc test).

4.2.2 Responses to ACh
In this experiment, ACh was used to produce contractile

responses mainly due to the direct activation of muscarinic
receptors in the smooth muscle (Ratz et al., 2005; Montgomery
et al., 2016). Muscarinic ACh receptors are expressed at presynaptic
and postsynaptic sites in many organs and play a role in various
physiological processes, including neuronal excitability, cardiac
and smooth muscle contraction, and gland activity (Tanahashi

et al., 2021). Within the GI tract, there are five types of muscarinic
receptors, with M2 and M3 being predominant in muscle cells and
M1 and M2 in myenteric nerves (Kondo et al., 2011; Tanahashi
et al., 2021). ACh released from autonomic nerves triggers smooth
muscle contraction by activating muscarinic receptors, while M1
also regulates the release of nitric oxide (NO) (Kondo et al.,
2011). The stimulation of ACh induced a concentration-dependent
increase in PA and TA in both CM and LM in all experimental
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groups, without statistically significant differences. When the
non-selective muscarinic receptor blocker atropine was used, it
completely inhibited the response of both PA and TA components
to ACh as it blocks the muscarinic receptors (Kondo et al.,
2011; Broad et al., 2019). The phasic amplitude (PA) is mainly
attributed to Ca2+ released from the sarcoplasmic reticulum, while
the tonic amplitude (TA) is generated by extracellular Ca2+ influx
(Zhou et al., 2008). The PA produced by ACh is caused by the
release of calcium from intracellular organelles (Zhou et al., 2008).
Specifically, ACh binds to G-protein-coupled muscarinic receptors,
which initiate a physiological cascade through Gαq/11 leading to
activation of phospholipase Cβ and synthesis of inositol 1,4,5-
trisphosphate (IP3), which binds to its receptor (IP3R) in the
sarcoplasmic reticulum and results in intracellular Ca2+ release
(Gastreich-Seelig et al., 2020). In contrast, TA is evoked by an
increase in extracellular Ca2+ influx through voltage-dependent
Ca2+ channels (Zhou et al., 2008).

Although many studies indicate that chemotherapy induces
skeletal muscle atrophy (Barreto et al., 2016; Coletti, 2018),
our results do not show that smooth muscle functionality is
particularly impaired. There are no specific studies on the impact
of chemotherapy on GI smooth muscle, but previous results
with cisplatin indicated that the gastric muscle seemed to be
somehow atrophic (López-Tofiño et al., 2021), which aligns with
observations made by Sung et al. (2012) on the contractility and
integrity of the human stomach. Additionally, in the small intestine,
cisplatin treatment led to decreased CM and LM thickness (Uranga
et al., 2017), whereas vincristine resulted in increased CM and
LM thickness (López-Gómez et al., 2018). Donald et al. (2017)
also noted alterations in the thickness of mice colonic smooth
muscle after oxaliplatin administration. Despite the alterations in
GI musculature thickness, our findings suggest that chemotherapy
(at these doses) does not seem to alter the muscle component of
the contraction (to these chemical stimuli), although it needs to be
investigated whether the specific response to other direct muscle
agonists might be affected. The observed differences are likely more
due to modifications in the nervous component of the contractile
response, particularly in the case of cisplatin.

4.2.3 Responses to EFS
Colonic contractions are regulated by enteric neurons,

including cholinergic (Kondo et al., 2011), serotonergic (Dickson
et al., 2010), peptidergic excitatory neurons (Brierley et al., 2001),
and nitrergic inhibitory neurons (immunoreactive to neuronal
nitric oxide synthase, nNOS) (Brierley et al., 2001). To determine
the effects of chemotherapy on the myenteric neurons, we used
electrical stimulation (EFS) at different frequencies able to cause
the release of ACh and other neurotransmitters. As expected,
all experimental groups exhibited a frequency-dependent biphasic
response to EFS in both LM and CM muscles, with peaks during
stimulation (A1) and after stimulation (A2) (Plujà et al., 1999;
Hinds et al., 2006; Mañé et al., 2014; Yamato et al., 2020). These
responses peaked between 10 and 20 Hz, consistent with findings
reported by other authors (Aulí et al., 2008; Sanger et al., 2013;
Mañé et al., 2014).

In control animals from cohorts 1 and 2, components A1 in
LM and A2 in CM were quite similar (reaching around or just
above 100% of the KCl PA response at 10–20 Hz). In contrast,
components A2 in LM and A1 in CM were much lower in cohort

2 than in cohort 1 (lower than 50% vs. around 100% of the KCl
PA response at 10–20 Hz). Since the response to KCl normalized to
weight and the responses to ACh in each muscle were comparable
in both cohorts, it is difficult to explain these differences between
the control groups used in these cohorts, unless the difference in
body weight/age (maturity) of the animals might have an influence
in colonic innervation. Studies in aged animals (Wade, 2002;
Abalo et al., 2005a, 2007; Phillips and Powley, 2007; Fidalgo et al.,
2018) and humans (Broad et al., 2019) show clear differences in
functional responses and numbers of myenteric neurons and glial
cells, whereas studies in immature and mature animals only show
subtle differences (Abalo et al., 2009). However, as our cohorts
differ by only 3 weeks, all being young adults at the start of the
experiment, the observed differences may be, more likely, due to
the different handling of the animals prior to sacrifice (namely, one
weekly vs. one daily injection in cohort 1 vs. cohort 2). In any case,
as mentioned above, the A1 responses in LM and A2 in CM appear
quite robust and stable, regardless of the experimental conditions.

Whatever the case may be, atropine was able to significantly
block A1 and A2 responses in control animals of both cohorts,
suggesting that the contractile responses were at least partly due
to the activation of muscarinic receptors. However, a significant
non-muscarinic component remained after atropine, which was
particularly evident at high frequencies in both A1 and A2
components in both cohorts. Our findings are in general agreement
with previous results obtained in humans (Aulí et al., 2008; Broad
et al., 2012, 2019) and rats (Zaw et al., 2016). Interestingly, the
A1 component of intestinal EFS-induced contractile responses is
considered to be mainly due to the release of ACh from myenteric
neurons and activation of muscarinic receptors (Kondo et al., 2011;
Straface et al., 2020; Tanahashi et al., 2021), although purinergic [at
low frequencies (Aulí et al., 2008)] and nitrergic (Van Crombruggen
and Lefebvre, 2004) activation may also occur (Burnstock, 2014).
In contrast, the contractile response occurring after electrical
stimulation (A2) is a result of the release of both ACh and substance
P from myenteric neurons (Aulí et al., 2008), and its inhibition
requires the combined action of atropine and neurokinin receptor
antagonists (Aulí et al., 2008; Broad et al., 2012; Mañé et al.,
2014), although other mechanisms, such as purinergic and nitrergic
involvement, cannot be ruled out (Van Crombruggen and Lefebvre,
2004).

Cisplatin significantly reduced the A1 and A2 responses to
high-frequency EFS in both types of muscles, while vincristine
tended to increase these responses, although without statistically
significant differences compared with control. The reduction of
EFS-induced responses in cisplatin-treated animals could be due
to a reduction in the release/action of excitatory neurotransmitters
(ACh and/or others) and/or to an increase in the release/action of
inhibitory neurotransmitters, such as NO.

Interestingly, atropine decreased all muscle strip responses in
animals treated with both chemotherapeutic drugs, to a similar
extent to control animals for vincristine in LM and CM and
for cisplatin in LM (the maximum change between treatments
was 10%). However, atropine was less effective in antagonizing
CM responses to high-frequency EFS in cisplatin-treated animals
(20–40% difference between treatments, depending on the muscle
and component studied). Since the direct muscular response to
ACh was preserved in CM (and LM), our findings suggest that
the electrically stimulated release of ACh from the nerve terminals
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is reduced in CM, and the release/efficacy of other excitatory
neurotransmitters might be increased in a compensatory attempt
to maintain contractile activity. This hypothesis warrants specific
investigation to determine the exact mechanism of action of
cisplatin in excitatory neurotransmission alterations in the rat
colonic CM.

Our previous studies indicate that the proportion of myenteric
neurons immunoreactive to neuronal NO synthase (nNOS)
increases with both repeated cisplatin (Vera et al., 2011; López-
Tofiño et al., 2021) and vincristine (López-Gómez et al., 2018)
treatments in the rat. The role of nNOS in intestinal motility
is very important as it increases colonic NO release from the
myenteric plexus leading to colonic smooth muscle relaxation
(Ren et al., 2021). Our results suggest that the general decrease
in colonic contractility in these animals could be related to the
increase in the population of myenteric neurons immunoreactive
to nNOS induced by cisplatin (Vera et al., 2011; López-Tofiño
et al., 2021). In contrast, despite a similar effect on the proportion
of nNOS-positive neurons (López-Gómez et al., 2018), vincristine
tended to increase colonic contractile activity, suggesting that
other mechanisms could be involved and maybe counteract the
effect of a relative increase in the release of NO by those
neurons after treatment with this antineoplastic drug. Interestingly,
oxaliplatin produced in the mouse a similar increase in colonic
nNOS-positive myenteric neurons, resulting in NO release that
reduced smooth muscle tone and colonic motility, reducing
short contractions (anterograde and retrograde) and increasing
fragmented contractions in the mouse distal colon (McQuade et al.,
2016a).

Studies using isolated colon preparations from cancer patients
who have previously undergone antitumor therapy are very
scarce (Carbone et al., 2016; Maselli et al., 2018). Using circular
colonic strips from humans, Maselli et al. (2018) observed that
chemotherapy (twice daily capecitabine) and radiotherapy (one
dose) increased colonic contractility, which is in contrast with our
results using cisplatin. In addition, Carbone et al. (2016) observed
an increase in the soma size of nNOS immunoreactive neurons in
human colon samples after chemotherapy.

Thus, although most antitumor drugs evaluated thus far seem
to produce an enteric neuropathy affecting nNOS neurons in
humans (Maselli et al., 2018) and animals (Vera et al., 2011; Wafai
et al., 2013; McQuade et al., 2016c; López-Gómez et al., 2018;
López-Tofiño et al., 2021), this may translate or not into functional
alterations depending on different factors such as species, age,
drugs, type of study (in vivo or in vitro), and samples used in the
functional in vitro studies.

5 Concluding remarks

This study is the first to evaluate the effect of cyclic treatment
with two different antitumor drugs, cisplatin and vincristine, on the
contractility of rat colonic smooth muscle strips.

The findings suggest that only cisplatin treatment has a
functional impact on rat colonic smooth muscle contractility.
Although previous studies have demonstrated that both drugs,
vincristine and cisplatin, cause the development of an enteric
neuropathy involving a similar increase in the density of inhibitory

myenteric neurons (immunoreactive to nNOS) (Vera et al., 2011;
López-Gómez et al., 2018), cisplatin also seems to affect the
excitatory neurotransmission of CM.

Further research is needed to fully understand the mechanisms
of chemotherapy-induced alterations in colonic contractility in
both rodents and humans. Studying the mechanisms that underlie
the long-term effects and sequelae of antineoplastic drugs on GI
motor function, including gastric dysmotility, emesis, constipation,
and diarrhea, is crucial to improving the quality of life of
cancer patients.
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