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The Effects of Carvacrol and Thymoquinone on Cadmium-Induced
Damage in Gastrointestinal Contractility and Histological Changes in Rats
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SUMMARY: Cadmium (Cd) is an environmental pollutant found naturally in the world and is toxic to humans. Thymoquinone (TQ)
is an aromatic ketone found in many medicinal plants. TQ has been reported for its therapeutic potential in many medical. condit
Carvacrol (Car) is a natural essential oil used in medicine. This study aims to investigate the effects of TQ and candmiahorinduced
damage to gastrointestinal contractility and histological changes. Thirty-six rats were divided into six groups (n:6yrGopt©t group;
Cadmium chloride was given 3.5 mg/kg by subcutaneous(sc). In the third group; the Cd+ carvacrol group; carvacrol was gfikgn 50 m
orally by gastric lavage and in the fourth group Cd+ TQ group; TQ was given 5mg/kg orally by gastric lavage. In the fiftbongroup
carvacrol and only TQ were given orally for 14 consecutive days in the sixth group. The duodenal and ileal segments edeamdsolat
suspended in a tissue bath. Acetylcholine (Ach) induced contractions were recorded. For histological changes, the ilesnvesgment
examined by light microscopy. Ach-induced contractions were lower in Cd groups than in Control in all segments. Ach-intactohson
were increased in Cd+Car and Cd+TQ. On the other hand, Cd caused significant morphological damage in the duodenum.iEtieadminist
of both carvacrol and thymoquinone alleviated this damage. This study has demonstrated that Cd reduced intestinal eowlticanitieg
severe damage in morphology. TQ and carvacrol can relatively remove Cd-induced damage in intestinal contractility and histology
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INTRODUCTION

Cadmium is found naturally in the world and affectsuch as antibacterial, anticancer, antifungal, vasorelaxant,
many organs with its toxic effect on humans. Cigarett@nti-inflammatory, antioxidant, and antiplatelet. Carvacrol
smoke, and ingestion of food contaminated with Cd such Bsalso used at low concentrations in human food as a
fish, organ meat grain, potatoes, leafy vegetables, and rdotvering ingredient (Suntret al, 2015). Previous studies
vegetables can contain high levels of Cd. Humans ahave shown an inhibitory effect of carvacrol on muscarinic
generally exposed to Cd ingestion of food and drinking wategceptors. It has been suggested that carvacrol exhibits its
contaminated with Cd by inhalation and ingestion (Zalupsnticholinergic effect via inhibition of central nervous
& Ahmad, 2003). The main target organ of Cd is theholinergic system (Boskabadyal., 2011).
gastrointestinal system where it can exert toxic effects. The
local effects of Cd intake were evaluated in the homogenates  TQ is found in many medicinal plants known for its
of the duodenum, the intestinal region most reactive to Graditional therapeutic value in the disorder of the
(Zhaoet al, 2006). gastrointestinal tract. It is regarded as an antioxidant (Sayed-

Ahmedet al, 2010). TQ has effects on the gut spasmolytic,

Carvacrol is a mono-terpenic phenol compound fourtdacheal, and airway relaxants, vasodilator and relaxant

in many aromatic plants. It has many biological propertieactivities on the cardiac muscles by blockage of ©dux
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into the cells through voltage-operated Ca++ channelsistological preparation.The ileal segment was first fixed
(Ghayuret al, 2012). in 10% formalin and was embedded in paraffin, then

sectioned (fum), and stained with Hematoxylin and Eosin

There is not enough research on the damage, cauge&E) for histological analysis under light microscopy

by Cd, in the gastrointestinal contractility and histologicalLeica LAS EZ Version 3.00). Villous lengths were evaluated
changes and the effects of carvacrol and TQ. Therefore, tfas each group in the ileum. Villous lengths were recorded
study aimed to examine the protective effects of carvacnasing the Fiji/lmageJ program by measuring 5 different areas
and TQ on Cd-induced damage on gastrointestinal x10 objectives from each group and evaluated statistically.
contractility and histological structure.

RESULTS
MATERIAL AND METHOD

Contraction results. As seen in Figures 1 and 2, the Ach-

This study received approval from the local ethicgexduced contractions in the Cd groups of both duodenum

committee of Near East University (Ethics No: 2023/157)p=0,0005) and ileum (p=0.003) segments were significantly
Male Wistar rats were used in this study, and they wedecreased compared to the control groups.
housed under standard conditions. They were maintained
using a 12 hr light/dark cycle and provided with Ach-induced contractions were significantly higher in
commercially available rat chow and tap water ad libitunthe Cd+Carvacrol group when compared to the Cd group in
Rats were randomly divided into six experimental groupthe duodenum (p=0.02) and ileum (p=0.02) segments (Figs.
The first group was the control group (C), and the secord, B).
experimental group was the Cd group, which received CdCI2
3,5 mg/kg sc, the third experimental group was the Ach-induced contractions were significantly higher in the
Cd+carvacrol group, Which Cd was given 3.5 mg/kg sc aret+TQ groups when compared to the Cd group in the duodenum
carvacrol (50 mg/kg) was given orally gastric lavage. In thg@=0.003) and ileum(p=0.03) segments (Figs. 2A, B).
fourth group; Cd+TQ group; in addition to Cd the animal~
received TQ (5mg/kg) orally by gastric lavage and in th|-2 i’
fifth group, only carvacrol was given orally by gastric lavag
and in the sixth group; only TQ was given orally. All
experimental procedures were applied every day for 14 da
At the end of the 14 days, the animals were anesthetiz
with 90 mg/kg of ketamine and 10mg/kg of xylazine (i.p)
The duodenal and ileal tissue segments (0.3-0.5 mm lo
pieces) were surgically removed and then placed in a pe
dish containing Krebs solutions. Then the strips wel
suspended in tissue baths containing 20 ml of the Kret
Henseleit solution (mM NaCl 118.9, KCI 4.6, Ca@l5, - - - -
KH, PO, 1.2, NaHCQ25, MgSQ 1.2 and glucose 11), and F'gd %I' TTe rESpO”tse_S tOCthetAClh'(';‘(;juceg ngta%'ons n dUOdirlal
a 95 % Q, 5 % CQ mixture at 37 °C, pH 7.4, was passe :0 :)gi ffginoegosz'r: p<oon0rg, - an ar groups.
into the solutions. The segments were brought into R '
equilibrium for 60 min under an optimal resting tension (. 8
1g. After equilibration, the duodenal and ileal segments we
contracted with Ach. The Ach (3x¥0OM) doses were Duodenum
considered maximal doses, after the cumulative addition
Ach into the control group. The acetylcholine (Sigm
A6625), and TQ were obtained from Near East Universi
Pharmacology Laboratory, Cd (Sigma Aldrich, USA), an
carvacrol (Sigma Aldrich, USA) were obtained from Sigm
Chemical. Contraction responses were recorded in the or

Duodenum

% Contraction
% Contraction

Canteol, Qd. Car'OdiGar Control Cd  Car CdeCar

% Contraction
% Contraction

Contrel ©d TQ Cd+TQ

bath (May-ITBS 08). The results were evaluated with ti " Control ca  Ta catTa
Graphpad Prism 8.3.1. One-way ANOVA was used
compare differences between groups, and Tukey's test VE§ 2 The responses to the Ach-induced contractions in duodenal
used for multiple comparisons. Evaluatiors0)5 were and ileal segments in Control, Cd, and Cd + TQ groups. ***
considered significant. P<0.001, ** p<0.002, * p<0.05
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Histological results. There is no histological damagein the ileum, intestinal tissue morphologies were severely
observed in the control groups (Fig. 3A). In the Cd grouglamaged and the epithelial cells in the villus degenerated,
congestion andnilammatory cell
infiltration were observed (Fig. 3B).

In the Cd + Carvacrol and Cd + TQ
groups, it was observed that
deterioration in villus structure,
epithelial cell degeneration,
congestion, and inflammatory cell
infiltration was reduced in the
treatment groups when compared to
the Cd group (Figs. 3C, D). Villus
length was significantly lower in the
Cd group compared to the control
group in the ileum (p<0.05). In the
treatment groups, both Cd +
Carvacrol (p<0.05) and Cd + TQ
(p<0.05) groups, villous lengths
were significantly higher when
compared to the Cd group (Fig. 4).

DISCUSSION

Cd is a naturally toxic
element that is found as a mineral
in combination with oxygen,
chlorine, or sulfur (Cuyperst al,
2010) and is highly soluble in water.
This experiment gives new insight

, - , — , - - , into the protective effects of
F.Ig.. 3. Light microscopic images of. ileum tissues from experimental groups. It is seen t.hatcarvacrol and TQ in Cd-induced
villi structures were normal in the ileum of the control group, there was no degenerative . .
change (a), villi structures were disrupted in the Cd group, epithelial cells were shed into thedamage_ _abOUt gaStromteS_tmal
lumen, congestion, + and inflammatory cell infiltration were observed (b), and villi degeneration Contractility and morphological
was decreased in the Cd groups treated with Carvacrol (c) and thymogquinone (d). changes. An important finding of

our study is the protective effect of
carvacrol and thymoquinone on subchronic Cd-
induced intestinal toxicity.

lleum
%k

600
% Il Mean + SD

Our results showed that in Cd-ingested groups
the Ach-induced contractions decreased intestinal
motility as Liuet al (2020) showed. They presented
that Cd exposure decreased the contractile response
of colonic muscle strips (Liet al, 2020). At the
cellular level, Cd induces oxidative stress in many
organisms (Thévenod, 2009), which results in
physiological damage in different organs (Jarup &
Akesson, 2009). It was shown that the effects of Cd
on oxidative capacity are dual. First, Cd induces
oxidative stress via the inhibitions of antioxidants, and
second, it also activates several antioxidative

Villus Lengths (um)

Groups -
Fig. 4. Effect of carvacrol and thymoguinone on the villus lengtROMpPonents because of disturbed redox balance and a

in the experimental groups of the ileum segment. *** P<0.0oconsecutively induced signal transduction cascade
** p<0.002, * p<0.05 (Cuyperset al, 2010).
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Our histological results showed that Cd-induced damage in In our experiments to investigate the effects of
intestinal tissue morphologies. Early investigations showeadrvacrol on Ach-induced contraction and histological
that orally administrated Cd degenerated the architectureeadfects in the ileum segment, we designed a group that was
villi and caused intestinal cell necrosis (Anderstral, given Cd+carvacrol and only carvacrol. In these groups,
1988). Our histological results also showed that the villowge showed that in the Cd+Carvacrol group, the contraction
epithelial cells were degenerating (Zhabal.,, 2006), amplitude was significantly higher as compared to Cd.
suggested that the intestinal inflammation response coiistological results showed that the administration of
be caused by chemotactic cytokine MIP-2 and neutroplibrvacrol to the Cd group, relatively improved the
infiltration. However, Cd induces oxidative stress whiclidegenerative effect of Cd in intestinal tissue morphology.
results in physiological damage to many organs (Jarup &
Akesson, 2009). As we showed in our histological study, it Our results demonstrated that carvacrol decreased
was shown that Cd exposure causes significant damagette Ach-contraction as compared to control groups. It was
the gut barrier, including the toxicity of enterocytesreported by some investigators that carvacrol extracts
induction of inflammatory response, death of epithelial cellinhibited acetylcholine-induced contraction in the guinea
and damage to the tight junctions in the intestine (Bitis pig ileum. They thought that carvacrol decreases calcium
al., 1999). There are also findings in the literature that aby blocking the release of intracellular bound calcium and
contrary to our findings. It was shown that when cadmiumxtracellular calcium influx in the smooth muscle cell (Van
selenite was administrated for 28 days in rats, there wereder Broucke & Lemni, 1982). Peixoto-Newtsal (2010)
histopathological findings related to cadmium selenite injurshowed that carvacrol at low concentrations blocked the
except for one case of focal hepatic inflammations in higBalcium influx through the membrane in rat aortic
dose (1000 mg/kg) (Kimat al, 2009). segments. It has been shown that carvacrol modulates
calcium homeostasis by transient receptor potential (TRP)
Our results showed that in the Cd-treated group, tlehannels in smooth muscle (Earthal, 2010). In skeletal
contractile responses induced with Ach were significantijmuscles, carvacrol inhibits sarcoplasmic reticulum calcium-
decreased in duodenal and ileal segments. Since thEPase and activates ryanodine receptors (Sagkddi,
absorption of Cd mainly occurs in the small intestine (Zh&007). The findings of Aydin & Seker (2005) are contrary
et al, 2016), it is expected to be effective on duodenal atd our findings, in that they showed that carvacrol did not
ileal contractility as in our findings. Andersenal, 1994 inhibit ACh-induced contraction in isolated rat fundus.
showed that absorption of Cd occurs primarily in the
duodenum and early jejunum. It was observed that Cdions  Also in this study, we investigate the potential
effectively inhibit the movements of Ca ions through certaiprotective effects of TQ on the Cd-induced damage on
types of Ca channels in excitable cells (Taylor, 1988). Evegjastrointestinal contractility and histological damage. We
though they use the same channels Cd ions move throwgimonstrated that Ach-induced contraction was reduced
the channels much slower than calcium ions (Friedmani&significantly with the administration of TQ in the
Gesek, 1994). It was also shown that intestinal uptake ddfiodenum and ileum as compared to control groups. The
Cd depends on its chemical form. The most effective forfmdings of Ghayuet al (2012) results support our findings,
of Cd is CdClI (Groteet al,1992), so we used CdCl in ourwhich showed that TQ was suppressed spontaneously
experiments. It was shown that chronic administration lgontacting rabbit jejunum and guinea pig ileum with dose
drinking water Cd reduces the Ach-induced contraction mhependent. They suggested that the reduction in spontaneous
duodenal segments (Ke¢ al, 2008). There are studies incontraction was due to the possible ability of the compound
the literature that support our findings that Cd exposute block the entry of calcium via voltage-operated calcium
impairs neurogenic and myogenic contractile activity ishannels with nonspecific mechanisms (Ghayat, 2012).
rat detrusor muscle (Bayaeital, 2002). In the Cd group
in the ileum segment; our histological results showed that We showed that when Cd and TQ were used together
there were degenerative changes in the villus. Results #rere was a significant increase in contraction as compared
like our findings which showed that ingested Cd resultetd Cd groups. In our study, we indicated that there were
in inflammation and damage in the intestine (Ninlatv repairing effects of TQ in gastrointestinal contractility and
al., 2015). histological damage.

Although many studies have shown that Cd als6ONCLUSION
causes damage at the cell level, many factors affect cellular
injury induced by Cd such as dose, route of exposure, and  In conclusion, although it was known that the effects
duration of exposure. of Cd are dependent on many factors such as application
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dose, route, and duration of exposure, our findings suggém!m, S. & Seker, E. Effect of an aqueous distillate of Origanum onites L.
that Cd plays an important role in intestinal contractility and ©n isolated rat fundus, duodenum and ileum: evidence for the role of

. - L . L. oxygenated monoterpené*harmazie, 60(2147-50, 2005.
histological damage and may have clinical implications fQg, ., v. Ertug, P. U.. Urunsak, M.: Gocmen, C.: Aridoga, 1. A.; Turung,

people who exposed to cadmium. Also, our study indicates T. & Singirik, E. Effects of chronic cadmium exposure on contractility
that treatment with carvacrol and TQ can alleviate Cd- of the rat detrusotrol. Res., 30(1P1-5, 2002.

induced toxicity in gastrointestinal dysmotility andBais:A; Lecoeur, S.; Milhaud, G.; Tomé, D. & Kolf-Clauw, M. Cadmium
. . uptake and transepithelial transport in control and long-term exposed
histological damage.

Caco-2 cells: the role of metallothioneifaxicol. Appl. Pharmacol.,
160(1)76-85, 1999.
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