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Does L-Carnitine Prevent Cadmium-Induced
Damage in Gastrointestinal Contractility and
Histological Changes in Prepubertal Rat
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SUMMARY: Cadmium (Cd) is the industrial and environmental toxic heavy metal which is found in air, water and soil. Cd,
adversely affects many organs in humans such as kidney, intestine, liver, testis and lungs. L-carnitine (LC) is an irepbttaait ag
plays essential role in energy metabolism. In our study, we aimed to work out whether LC application has any protectine effect
intestinal contractility and morphologic damage of prepubertal rat duodenum on Cd-induced toxicity. Twenty eight prepoblertal fe
Wistar rats were divided into four groups. The first group is control (C), second group; Cd group; Cadmium chloride wasgjkgn 2
28 days with a one-day break by i.p. The third group; Cd+LC, which cadmium chloride was given 2 mg/kg i.p. and LC wadlgiven ora
by gastric lavage. The LC dose was given as 75 mg/kg. The fourth group; LC, which only LC was given orally. The intestimal segm
were isolated and suspended in tissue bath. Contractile responses were induced by acetylcholine (ACh) and relaxatioedweithachiev
phenylephrine. Also the segments were examined for histological changes by light microscopy. Ach-induced contractionsnirere high
Cd+LC, LC, and control group compared to the Cd group in duodenal segments. The phenylephrine-induced relaxations were lower in
Cd groups as compared with Control, Cd+LC and LC group in duodenal segments. In Cd group intestinal morphology was observed to
be severely damaged whereas in Cd+LC group the damage was noticeably lower. Cd administration caused severe cellular damage and
decreased gastrointestinal motility. Treatment with the LC has affected the gastrointestinal contractility and reducededhe dama
intestinal morphology, which occured after Cd application.
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INTRODUCTION

Cadmium (Cd) is one of the most toxic and widely L-carnitine is derived from endogen biosynthesis and
distributed heavy metals in the environment. Cd is usualijjetary sources in human body. LC is a powerful antioxidant
present as inorganic salt. Cigarette smoking and ingestionggfent that plays a valuable role in energy metabolism. It
food contaminated with Cd is a major source of Cd exposufgas shown that LC was found to be an effective antioxidant
Fish, meat, grain, cereal products, potatoes, leafy and regien compared to other standard antioxidant compounds.
vegetable contains high levels of Cd. Since it is taken with plays important physiological roletransferring the long-
food and water, it makes the gastrointestinal system the targhhin fatty acids across the inner mitochondrial membrane
organ of Cadmium where it can exert toxicities. Chemotactigr b oxidations and ATP production in peripheral tissues
cytokine MIP-2 and neutrophile infiltration is responsible foyGuilgcin, 2006). Reactive Oxygen Species (ROS)
intestinal toxicity in response to a single oral administratiogontinuously produced during normal physiological events.
of Cd to mice. The local effects of Cd intake were evaluaterhey can easily initiate the peroxidation of membrane lipids.

in the homogenates of duodenum, the intestinal region mosftioxidants can protect the human body from free radicals
reactive to Cd (Zhaet al., 2006). and ROS effects.
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It was shown that dietary carnitine deficiency causgsH 7.4, was passed into the solutions. The segments were
gastrointestinal contractility disorder and gastrointestinddrought into equilibrium for 60 min under an optimal resting
discomfort and dysfunctions in hemodialysis patients €rie tension of 1g. After equilibration, the duodenum segments
al., 2017). Weaveet al (1992) showed that dietary carnitinewere contracted with ACh and relaxed with phenylephrine
deficiency in infancy may cause smooth muscle dysmotilityThe Ach (3x16 M) and phenylephrine (3xf0M) doses were

considered as maximal doses, after the cumulative addition

For the general population food and drinking wateof ACh and phenylephrine into the control group. The
are the main sources of Cd exposure. For this reason #eetylcholine (Sigma A6625), phenylephrine (Sigma P6126)
gastrointestinal tract is the first organ that is susceptible &md L-C (Carnitine; Santa Farma, Istanbul) and Cd (Sigma-
Cd contamination. Although LC is co-factor in beta oxidationAldrich, USA) were obtained from Sigma chemical.
there are many unknown effects on many organs and yetGontraction and relaxation responses were recorded in the
be discovered function in physiology. However, the exaargan bath (May-ITBS 08).
mechanism of the induction of intestinal inflammatory
response to Cd largely unknown. There are not enough studitistological preparation: Duodenal segments were first
in cadmium-induced damage about intestinal functioriixed in 10% formalin and were embedded in paraffin,
gastrointestinal contractility and histological changes and tisectioned (5um) and stained with hematoxylin and eosin
repairing effects of LC. Therefore, in this study, we aimed t(H&E) for morphological analysis in light microscopy (Leica
investigate the effects of cadmium toxicity on intestinadlAS EZ Version 3.00). Villous lengths were evaluated for
contractility and morphologic damage of prepubertal ragach group in duodenum in four different area. Villous lengths
duodenum and if there is any protective effects of L@ere recorded using fiji/imagej program by measuring 5
application on cadmium toxicity. Also further studies arelifferent areas in x10 objectives from each group and
necessary to provide more information focusing on Cd toxicigvaluated statistically.
and the effects of L-C on gastrointestinal contractility and
histological changes Cd injury was scored in each animal under light

microscopy. The scores obtained from each rat were summed

and averaged, thus obtaining a single mean duodenum score
MATERIAL AND METHOD for each rat. Histological evaluation of intestinal tissues injury

was performed based on the method described by Yailug

al. (2015). The injury was evaluated according to the following

This study has received the approval by the local ethicsiteria: Grade 0- There was no specific pathological changes
committee of Near East University (Date 18.11.2021like villous epithelial degeneration, congestion-hemorrhage
reference number, 2021-143). Healthy 21 days old prepuberald increase in inflammatory cell. Grade 1- mild mucosal
female Wistar rats (65-70 g) were housed under standatdmage: degeneration of villous epithelium, otherwise nor-
conditions. They were maintained using a 12 hr light/damaal structure. Grade 2- moderate damage: loss of villous
cycle and provided with commercially available rat chow andeight and epithelial degeneration with evidence of
tap water ad libitum. Rats were randomly divided into foucongestion, hemorrhage, and inflammation in the mucosa.
experimental groups. The first group was the control grouprade 3-severe damage: loss of a large number of villous,
(C), second experimental group was Cd group, which receivedth the damage in the mucosa.

CdCl, 2 mg/kg 28 days with a one-day break, i.p. (Karami

al., 2022), the third experimental group, was Cd+LC groujstatistical Analysis. All of the contraction, relaxation and

in addition to given Cd the animals received LC 75mg/kg blyistological results were statistically evaluated by the

orally gastric lavage for 28 days and the fourth group, LGraphpad Prism 8.3.1 program. One-Way Analysis of

group, which received only LC by orally gastric lavage fokariance test was used to statistically compare the differences

28 days. among the groups, with multiple comparison using Tukey’s
test. Values was accepted statistically significant when p<0,05.

At the end of 28 days the animals were anaesthetized
with ketamine 90 mg/kg and ksilasine 10mg/kg i.p. Each of
the duodenal tissue segments (0.3-0.5 mm long pieces) WRESULTS
surgically removed and then placed in petri dish containing
Krebs solutions. Than the strips were suspended in tissue baths
containing 20 ml of the Krebs-Hense-leit solution (MM NaCMuscle Function: The effects of LC on the cadmium-
118.9, KCl 4.6, CaGR.5, KHPQO, 1.2, NaHCQ25, MgSQ induced damage on gastrointestinal contractility and
1.2 and glucose 11), and a 95% &% CQ mixture at 37 °C, histological changes on duodenal segments were examined
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in our experiments. The effects of LC on Ach- Although there was a decrease in phenylephrine-induced
induced contraction in duodenal segments in atklaxation in the Cd group compared to the Control, Cd+LC and LC
experimental groups are respectively exhibited igroup, these data were not statistically significant in duodenal segments
Fig. 1. as seen in Fig. 2.

In Fig.1, it can be observed that ACh-Histological Results: Fig. 3A, shows that the villous length and
induced contractions in Cd group significantlyepithelial tissue in duodenum were normal in structure in control and
decreased as compared to Control (p<0,05)-C groups. No histological damage was observed in any rat in the
Cd+LC (p<0,002) and LC (p<0,002) groups incontrol and L-C groups. In the Cd group; in duodenum, intestinal tissue

duodenum. morphologies were severely damaged and the villous epithelial cells

were degenerate, exhibiting congestion, hemorrhage, and inflammatory
Duodenum cell infiltration which were seen in Fig. 3B. In the Cd+LC group, it
was observed that, loss of villous height, epithelial cell degeneration,
%k congestion and inflammatory cell infiltration reduced when compared
to the Cd group (Fig. 3C).
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Fig. 1. The ACh-induced contractions on
Groups

isolated duodenum in control and experimental
groups. ***p<0,001, **p<0,002, *p<0,05

Fig. 2. Relaxations effects of phenylephrine
on the control and experimental groups on
isolated duodenum.

Cc

Fig. 3. Light micrographs of rat duodenum section in experimental groups. A. Control group of duodenum, the
villous lengths are normal and there was not any degenerative changes, B. Cd group of duodenum, The villi
structures were disrupted, and there was degeneration in epithelial tissue, C. IR+L-C group; the villous degeneration
was lower than in the Cd group. Hematoxylin and eosin (x10).
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The most extensive changes in morphology wer@ISCUSSION
detected in the Cd group, which was statistically different
from the other groups; control or Cd+L-C and L-C groups.
In histological score, no statistically significant difference Our study demonstrated that subchronic Cd exposure
was observed in congestion and inflammatory cell infiltratiofor 28 days significantly decreased gastrointestinal
between all groups. Villous lengths were significantly lowecontractility and caused histological damage. Treatment with
in Cd group compared to the control group in the duodenuime LC (for 28 days) cause partly repair on the cadmium-
(p<0,002). In Cd +LC group villous lengths wereinduced damage on the gastrointestinal dysmotility and
significantly higher when compared to the Cd (p<0,05). Ihistological damage in the duodenal segments. Cadmium is
Cd group epithelial damages are significantly higher whemnatural element which is found as a mineral in combination
compared to the control and LC groups (respectivelyith oxygen, chlorine or sulfur (Cuypees al, 2010). At
p<0,001, p<0,001). In Cd+LC group damage wathe cellular level, Cd induced oxidative stress in many
significantly lower compared to the Cd group (p<0,05) (Figorganisms (Thévenodt al, 2009), which results in
4A-D). physiological damage in different organs (Naweotal,
2008; Jarup & Akesson, 2009). It was
% shown that the effects of Cd on oxidative
600 - 4- *kk capacity are dual. First, Cd induce
* e oxidative stress via the inhibitions of
3] = antioxidants, and second it also activates
400- several antioxidative components as a
result of disturbed redox balance and a
consecutively induced signal
2004 transduction cascade (Cuypeatsal,
14 2010). Since cadmium generally taken
Ill orally, gastrointestinal tract is the first
| organ to be directly contacted and
> G O o affected. For this reason we aimed to
3 K o \qj‘\' investigate how the Cd toxicity affects
§'\ © obc’ the gastrointestinal contractility and

' e et e histological changes with subchronic (28
A Experimental Groups B Pe P days) i.p. intake of 2 mg/kg.

Length
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¥

Our results showed that in the Cd-
treated group, the contractile responses
induced by ACh were significantly
decreased in duodenal segments. Since
the absorption of Cd mainly occurs in

the small intestine (Zhai al, 2016), it
is expected to be effective on duodenal
0.5+ contractility as in our findings. It was
shown that chronic administration by
drinking water (one and two months) of
T 0.0- I I Cd reduces the contractile response to
‘éo\ (¥} Q\’P V()

1

Ny bc’\q' x\,O S : ACh in duode_:nal segments (Ketal,
O\ 000 ® o 2008). Our histological results showed

o * that Cd caused substantial tissue damage

C Experimental Groups D Experimental Groups in duodenum and LC has similarly

) - . . _ elped limit the extent of tissue damage
Fig. 4. A. Effect of L-Carnitine on the villus length in the control and experlmente% rough its protective or healing effect

groups on duodenum. ***p<0,001, **p<0,002, *p<0,05. B. Effect of L-Carnitine on
the epithelial tissue degeneration in the control and experimental groups on duoderﬁlﬂq thPS LC_: helped to prevent and redu-
**+p<0,001, **p<0,002, *p<0,05. C. Effect of L-Carnitine on the inflammatory cell € €pithelial damage. The study of
infiltration in the control and experimental groups on duodenum. D. Effect of L-Carnitifdédyazitet al (2002) which their results

on the congestion in the control and experimental groups on duodenum. indicated that Cd exposure impairs
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neurogenic and myogenic contractile activity in rat detrussbrcarnitine to the patients receiving hemodialysis improved
muscle was similar to our findings. It was shown that Ctheir gastrointestinal disorders (leeal, 2017).
intake causes degenerative changes such as damaged
mitochondria, indentation of nuclear membrane. In Our morphometric results showed that Cd decreased
morphometric data it was indicated that reduction ithe measured parameters when compared to those of con-
principles cells number and mildly dilated roughtrol group. The administration LC in association with Cd
endoplasmic reticulum. Also, when only LC was given tamproved the measured parameters that approached the nor-
the animal, their histological results similar to those of commal values of the control group. Although, in our study, we
trol on hippocampal structure (Amet al., 2020). indicated that there were alterations in the intestinal motility
and histological damage of intestine on Cd administration
Many studies have been shown that Cd can induesd the repairing effects of LC, the exact mechanisms
microvessel injury which is attributed to oxidative streseesponsible for these changes remain unclear. Many
(Shuklaet al, 1996; Wang & Du, 2013). Cell membraneexperiments claimed that the oxidant stress increased,
damage like other organelles destruction are followed by aossibly due to an elevated reactive oxygen species
increased in the sodium permeability, which exceeds tlpeoduction or due to a decrease in the function of natural
capacity of ion pump to extrude sodium (Afifi & Embaby,antioxidant pathways.
2016). Accumulation of sodium in the cell leads to an
increased water content thus leading swelling. In conclusion, this study has demonstrated that
treatment with LC can relatively relieve Cd-induced toxicity
Our findings are similar to Ninkaat al (2015) results in gastrointestinal dysmotility and histological damage. Our
which they showed that the ingested Cd is retained in GUihdings suggesting that Cd plays a role on intestinal
mucosa, resulted in intestine tissue damage amdntractility and histological disorders and may have clinical
inflammation. Our results showed that histologicaimplications for people who expose to cadmium.
examination of Cd treated group has shown the presence of
degenerative changes in the epithelial cells, the irregularity

of villous length, epithelial cell damage, congestion and SO C, E.; OGUTCU, G.; FARISOGLU, U.; KOCAMAZ,
groups there was increase in inflammatory cells. G.: OZANT, A. & KUKNER, A. ¢La L-carnitina previene
el dafio inducido por cadmio en la contractilidad
It was shown that Cd exposure causes significaggstrointestinal y los cambios histolégicos en ratas
damage to the gut barrier, including the toxicity of enterocytgrepiperesnt. J. Morphol., 41(2554-659, 2023.
induction of inflammatory response, death of epithelial cells
and damage to the tight junctions in the intestine (Biais RESUMEN: El cadmio (Cd) es el metal pesado toxi-
al., 1999). However in the literature, contrary to our finding%g industrial y ambiental que se encuentra en el aire, el agua
it was shown that when cadmium selenite administrated fpg| syelo. EI Cd afecta negativamente a muchos érganos hu-
a period of 28 days in rats, there was no histopathologiGghnos, como los rifiones, los intestinos, el higado, los testi-
findings related cadmium selenite injury expect for one caggos y los pulmones. La L-carnitina (LC) es un agente im-
of focal hepatic inflammations in high dose (1000 mg/kgjortante que juega un rol esencial en el metabolismo energé-
(Kim et al, 2009). tico. El objetivo de este estudio fue determinar si la aplica-
o o ~cion de LC tiene algun efecto protector sobre la contractili-
Although the toxicity caused by Cd is still beinggaq intestinal y el dafio morfolégico del duodeteorata

studied inten_SiVeW: it mainly causes apoptosis when giv@Repuberal sobre la toxicidad inducida por Cd. Veintiocho ratas
at low or medium dose concentrations (Sarettal, 2006).  Wistar hembras prepuberes se dividieron en cuatro grupos. El pri-

Also, exposure to Cd causes necrotic cell death, characterirest grupo control (C), segundo grupo; grupo cd; Se administro
by cell membrane disintegration followed by disseminatiogloruro de cadmio 2 mg/kg durante 28 dias con un descanso de un
of intracellular contents (Sanckeb al, 2006). There were dia por viai.p. El tercer grupo; Cd+LC, al que se administro cloruro
many factors that affect cellular injury induced by Cd suclillle ngm',o t2' mg/rg (;.p._y Io_lc Lsg adm:j"'s_”_o tp9r via °r735', me?lla“tEel
as dose, route of exposure and duration of exposure. ~ '2vad9 gastrico. La dosis de L € administro como /> Mgrkg.

o Sy cuarto grupo; LC, al cual solo LC se administraba por via oral. Los
It was shown that L-carnitine prevents oxidative stress aga

o . L gmentos intestinales fueron aislados y suspendieron en bafio de
regulates nitric oxide, the cellular respiration (Brastral, tejido. Las respuestas contractiles fueron inducidas por acetilcolina

1999) and the activity of enzymes involved in defense againgich) y Ia relajacion se logré con fenilefrina. También se examina-
oxidative damage (Kremset al, 1995). The possible ron los segmentos en busca de cambios histoldgicos mediante
antioxidant effects of LC was shown in different in vitromicroscopia éptica. Las contracciones inducidas por Ach fueron
antioxidant assays (Guilgin, 2006). Oral supplementation @Ryores en Cd+LC, LC y el grupo control en comparacion con el
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grupo Cd en los segmentos duodenales. Las relajaciones induci@iascho, P.; Fernandez, C.; Yuste, V. J.; Amran, D.; Ramos, A. M.; de Blas,
por fenilefrina fueron menores en los grupos Cd en comparacion E.; Susin, S. A. & Aller, P. Regulation of apoptosis/necrosis execution
con el grupo Control, Cd+LC y LC en los segmentos duodenales. in cadmium-treated human promonocytic cells under different forms
En el grupo Cd se observé que la morfologia intestinal estaba Seﬁﬁ of oxidative stressipoptosis, 11(5§73-86, 2006.

te dafiad ient | Cd+LC el dafio f ukla, A.; Shukla, G. S. & Srimal, R. C. Cadmium-induced alterations in
ramente danada mientras que en el grupo €l dano fue nota- o prain barrier permeability and its possible correlation with

blemente menor. La administracion de Cd causo dafio celular seve-yeacreased microvessel antioxidant potential irHam. Exp. Toxicol.,
roy disminucion de la motilidad gastrointestinal. El tratamiento con  15(5y400-5, 1996.
LC afectd la contractilidad gastrointestinal y redujo el dafio en fenévenod, F. Cadmium and cellular signaling cascades: to be or not to be?

morfologia intestinal, que ocurria después de la aplicacién de Cd. Toxicol. Appl. Pharmacol, 238(221-39, 2009.
Wang, B. & Du, Y. Cadmium and its neurotoxic effe@sid. Med. Cell
PALABRAS CLAVE: Cadmio; L-carnitina; Contrac- Longev., 201898034, 2013 _ N
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