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Abstract: The effect of capsaicin, the pungent principle of red hot pepper and a sensory
stimulant on the development of hepatic injury in rats treated with carbon tetrachloride was
investigated. CCl, was given orally (2 mL kg™ followed by 1 mL kg™! after one week).
Capsaicin at three dose levels (10, 100 and 1000 pg kg='; 2.5, 25 and 250 ug mL™) or
silymarin (22 mg kg™") was administered orally daily for 10 days, starting at time of
administration of CCl,. The daily administration of capsaicin conferred significant protection
against the hepatotoxic effects of CCl, in rats. It decreased the increases in serum alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) and also prevented the
development of histological hepatic necrosis caused by CCl, as determined 10 days after
drug administration. Thus, compared with the CCl, control group, serum ALT decreased by
39.3, 593 and 71.1%, while AST decreased by 14.3, 21.5 and 23.3%, after the
administration of capsaicin at the aforementionsd doses, respectively. Serum bilirubin was
decreased by capsaicin at 10 or 100 pg kg™ (46.4 and 66.5% reduction, respectively), but
an increased bilirubin and ALP was observed after the highest dose of capsaicin. Meanwhile,
silymarin reduced serum ALT by 65.3%, AST by 18.9%, ALP by 22% and bilirubin
by 13.4%, compared to CCl, control. Serum proteins were significantly increased by
16.9-22.9% after treatment with capsaicin compared, whilst marked increased in serum
glucose by 66.9% was observed after the highest dose of capsaicin compared with
vehicle-treated group. Quantitative analysis of the area of damage by image analysis
technique showed a reduced area of damage from 13.6% to 7.5, 4.3 and 2.8% by the
aforementioned doses of capsaicin, respectively and H and E staining also showed markedly
less hepatic necrosis in rats treated with capsaicin or silymarin. Histochemical alterations
such as decreased nuclear DNA, cell glycogen and protein contents caused by CCl, in
hepatocytes were prevented by capsaicin as well as by silymarin. It is concluded that orally
administered capsaicin exerts beneficial effects on liver histopathologic changes and
enzymatic release caused by CCl, in rats, but high doses are likely to result in cholestasis.
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Introduction

Capsaicin (8-methyl-N-vanillyl-6-nonenamide), the pungent principle of red hot pepper excites
and in high doses desensitizes a subset of mammalian primary afferents with C and Ad thin fibers.
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Owing to the remarkable neuroselective site of action of the drug, it has been considered invaluable
probe for delineating neural responses mediated by this subgroup of afferents (Szolcsanyi, 1977, 1984,
1993; Holzer, 1991). In the rat stomach, capsaicin introduced at small doses and low concentrations,
which excited the peripheral terminals of capsaicin-sensitive sensory nerves, resulted in mucosal
protection. Higher desensitizing concentrations of the agent, impaired mucosal defense, with the
resultant aggravation of gastric mucosal damage (Szolcsanyi and Bartho, 1980; Holzer ef af., 1989,
Abdel-Salam et af., 1995). In addition, defunctionalization of capsaicin-sensitive sensory nerves with
systemic treatment of rats with high doses of capsaicin resulted in enhancement of gastric mucosal
damage evoked by several noxious agents such as ethanol (Holzer and Lippe, 1988), cysteamine
(Holzer and Sametz, 1986) or indomethaicin {(Gray ef af., 1994). The release of vasodilator mediators
from sensory nerve endings by capsaicin accounted for the protection by low concentrations of
capsaicin, whereas failure of peptide release, impaired one of the most important mucosal defenses,
that is the increase in gastric blood flow in face of noxious challenge, with the resultant aggravation of
gastric mucosal damage upon exposure to acid (Szolesanyi and Bartho, 1980; 2001; Holzer, 1991).

The mucosal protective effect of sensory stimulant doses of capsaicin is not confined to the
stomach, but also is observed in other organs such as the colon (Evangelista and Meli, 1989) and
pancreas (Dembinski ef o., 2003). Meanwhile and despite a surge of publications dealing with the
effect of the agent in the stomach, fewer studies have investigated the effect of capsaicin on liver injury.
As carly as 1962, Lee, found that rabbits fed diet that contained high levels of ground red peppers
developed liver cirthosis, as well as gastric ulcers. Inmore recent studies, in which ablation of capsaicin
sensitive sensory nerves by systemic capsaicin pretreatment (capsaicin desensitization) was used as
a tool to investigate the role of capsaicin-sensitive sensory nerves, decreased hepatic fibrosis was
reported in rats subjected to bile-duct ligation (Casini ef af., 1990). In addition, depletion of primary
afferent nerve fibers by neonatal capsaicin treatment prevented immune-mediated liver injury in mice
(Bang ef al., 2003). In contrast, the attenuation of CCl,-induced acute liver injury by central
administration of thyrotropin-releasing hormone depended on intact capsaicin-sensitive afferent
neurons and CGRP release (Yoneda ef of., 2003). Furthermore, administration of capsaicin and CGRP
ameliorated liver injury caused by ischaemia/reperfusion in rats (Harada ef af., 2002).

Capsaicin is a popular food ingredient and highly seasoned food is consumed in many parts of
the world. Capsaicin can be effectively absorbed after intragastric administration so as to reach
hepatobiliary tree at levels sufficient to excite the peripheral terminals of capsaicin-sensitive nerves
(Abdel-Salam e af., 2005). Therefore, it looked pertinent to test the effect of oral capsaicin
administration upon the development of liver cell injury caused by CCl, in rats. In the present study,
capsaicin was given in three different concentrations of 10, 100 or 1000 pg mL™". The concentrations
used were based upon previous studies in the stomach and bile.

Materials and Methods

Animals

Adult Sprague-Dawley rats of either sex, weighing 120-130 g of body weight were used
throughout the experiments and fed with standard laboratory chow and water ad libitum. The study
was done at the Departments of Pharmacology and Pathology, National Research Centre, Cairo,
between January and March 2005. All amimal procedures were performed according to approved
protocols and in accordance with the recommendations for the proper care and use of laboratory
animals.
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Drugs and Chemicals

Carbon tertrachloride (BDH Chemicals, England), Silymarin (Sedico Pharmaceutical Co. Cairo,
ARE) and capsaicin (Sigma, USA) were used in the expeniments. Stock solutions of capsaicin
(10 mg mL™") contained 10% ethanol, 10% Tween 80, 80% saline solution.

The Carbon Tetrachioride Model of Hepatic Damage

Different groups of rats (n = 7-8 per group) were used. Hepatotoxicity was induced by treating
rats with CCl,-olive oil, given orally (1:1, 2 mL kg followed by 1 mL kg after one week). Control rats
were treated with olive oil. Capsaicin at three dose levels (10, 100 and 1000 pg kg™, 2.5, 25 and
250 pg mL™% 0.5 mL rat™!) or silymarin (22 mg kg™ were administered orally daily for 10 days,
starting at time of administration of CCl,. Rats had free access to food and drinking water
during the study.

Biochemical Assessment

Blood samples were obtained from the retro-orbital vein plexus at the end of the experiment under
light ether anesthesia. Alamine aminotransferase (ALT) and aspartate aminotransterase (AST) activities
in serum were measured according to Reitman-Frankel colorimetric transaminase procedure (Crowley,
1967), whereas colorimetric determination of alkaline phosphatase (ALP) activity was done according
to the method of Belfield and Goldberg (1971), using commercially available kits (BioMéneux, France).
Total proteins in serum were measwed spectrophotometrically (Bradford, 1976). Glucose
concentrations in serum were measured enzymatically (Bauer, 1982).

Histopathological and Histochemical Studies

At the end of the treatment period, rats were killed; livers were excised and fixed in 10% formalin
saline, Bouin’s and Carnoy’s fluids. Sections were prepared and stained with hematoxylin and eosin-
stained (H and E) for the histological investigations. Periodic acid-Schiff’s, mercury and bromophenol
and Feulgen techniques were used for intracellular glycogen, proteins and nuclear DNA determinations.
Further histopathgological evaluation was done with morphometry. The percentage of necrotic arcas
surrounded by fatty degeneration was measured by a computerized image analyzer. Qwin Leica image
processing and analysis system (Cambridge-England) was used for interactive automatic measurement
of the percentage of damaged areas on slides stained by H and E by analyzing 15 random fields per
slide.

Statistical Analysis

All results are expressed as means=SE. Comparison between two independent groups was made
by Mamn-Whitney U-test. Comparison of the values before and after CCl, was made by paired
Student's t-test. Multiple group comparisons were performed by ANOVA followed by Duncan test.
p<0.05 was considered statistically significant.

Results

Biochemical Results

In the CCl,-induced acute liver injury, the levels of alamine aminotransferase (ALT) and aspartate
aminotransferase (AST) activities were markedly raised in plasma indicating the severity of hepatic
injury caused by CCl,. The serum ALT and AST levels were significantly elevated from 8.8+0.7 and
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Table 1: Effect of capsaicin or silymarin on serum alanine aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), total bilirubin, total proteins, glucose and area of damage in CCl,-treated rats

ALT AST ALP Total bilirubin ~ Total proteins  Glucose Area of damage
Treatment UL! UL L mg dL™! gdlL! (mgdL™) (%)
Vehicle control 8.8+0.7 47.744.2 90.046.1 0.181+0.06 8.6+0.3 68.3+5.1 0.1£0.02
CCl, control — 30.0£2.9  114.0+6.7 230.+£12.6 0.343+0.1 8.3£0.4 67.1£5.0 13.6+1.8
+ Capsaicin ~ 18.242.1%* 83.8+6.8* 228.6+13.8 0.18440.05 9.7+0.3% 588+ 4.6 7.5£1.1%
(10 pgke™)
+ Capsaicin =~ 12.241.1%  76.844.5%  2484+18.9 0.11540.02" 10.0=0.4* 65.7£5.6 4,340, 7%
(100 pgkg™)

+ Capsaicin 8.7+0.9%  75045.3%  278.0£16.0°  0.54440.13 10.2£0.4* 90.4+5.5% 2.8+0.4%
(1000 ug kg™

+ Silymarin ~ 10.4£1.3*  84.246.9%  178.1£13.8"  0.2974£0.03 8.8+0.6 54.2+£2.7 4,740, 7
(22mg kg™

Results are means+SE. Data were analyzed by one way ANOVA and means of different groups were compared by Duncan’s

multiple range test. Two-tailed probabilities of less than 0.05 were considered significant. *p<0.05 compared with the
CCL control group

47.7+4.2 (clive oil) to 30+2.9 and 114.046.7 IU L™, respectively (p<0.01) (Table 1). Alkaline
phosphatase (ALP) activity was also raised in serum of CCl,-treated rats, suggesting congestion and
cholestasis (90.046.1 (olive oil) to 230+12.7 IU LY. Serum bilirubin increased from 0.18+0.06 (olive
oil) to 0.34+0.1 mg dL). The administration of capsaicin at doses of 10, 100 and 1000 pg kg™! caused
a dose-dependent reduction in serum ALT and AST levels, compared with the CCl, control group.
Thus, serum ALT decreased by 39.3, 59.3 and 71.1%, while AST decreased by 14.3,21.5 and 23.3%,
by the above mentioned doses of capsaicin, respectively. Serum bilirubin was reduced by 46.4 and
66.5% after 10 or 100 pg kg™! of capsaicin. In contrast, an increase in ALP (by 21%; 27816 vs
230+12.7 U L) and bilirubin (by 58.8%; 0.54+0.13 vs 0.34+0.1 mg dL) was observed with the higher
dose of capsaicin {1000 ug kg™, Meanwhile, silymarin reduced serum ALT by 65.3%, AST by
18.9%, ALP by 22.5% and bilirubin by 13.4%, compared to CCl, control group. Serum proteins were
significantly increased by 16.9-22.9% after treatment with capsaicin compared with vehicle-treated
group. Serum glucose was also markedly increased by 66.9% after the highest dose of capsaicin
compared with vehicle-treated group.

Image Analysis

Quantitative analysis of hepatic tissue damage by image analysis technique showed a reduced area
of damage from 13.6% to 7.5, 4.3 and 2.8% by the aforementioned doses of capsaicin, respectively
(p<0.01) and to 4.7% by silymarin (Table 1).

Histopathological Results

The livers of saline control rats revealed the characteristic hepatic architecture (Fig. 1A). The
livers of rats subjected to CCl, showed fibrosis, dilated blood sinusoids, monomuclear cell infiltration,
increase in Kupffer cells and nuclear ploymorphism (Fig. 1B). In rats treated with CCl, + silymarin,
liver sections showed marked diminution of fibrosis as compared to the group treated with CCl, only
(Fig. 1C). The liver sections of rats treated with CCl, + capsaicin (1000 pg kg™ showed that the liver
tissue restored its structure to almost normal picture (Fig. 1D).

Histochemical Changes
Figure 2 shows the distribution of glycogen contents in liver tissue stained by periodic acid-
Schiff’s (PAS) reagent, characterized in normal rats by deeply stained reddish granules inthe
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Fig. 1: Hematoxvlin and ¢osin stained liver sections from (A) normal saline-treated rat. (B) CCl,
(vehicle-treated) control showing fibrosis, dilated blood sinusoids, monomuclear cell
infiltration, increased Kupffer cells and miclear ploymorphism. © CCl, + silymarin treatment
showing marked diminution of fibrosis. (D) CCl, + capsaicin (1000 ug kg™ treatment
showing almost preserved architecture

Fig. 2: Distnibution of glycogen contents in liver tissue stained by Periodic acid-Schiff’s (PAS). (A)
Normal distribution of PAS reaction in liver cells from normal saline-treated rat characterized
by deeply stained reddish granules in the cytoplasm of hepatocytes. (B) CCl, (vehicle-treated)
control showing sharp decrease in glycogen content. © CCl, + silymarin treatment showing
glycogen content almost restored to normal. (D) CCl, + capsaicin (1000 pug kg ')-treated rats,
showing marked increase in PAS reaction in the heptacyte cytoplasm

523



J. Phamacol. Toxciol , 5 (8): 519-328, 2010

Fig. 3: Liver sections stained with Feulgen technique. (A) Normal saline-treated rat; nuclear chromatin
substances of the cells were stained red by the Feulgen technique. (B) CCl, (vehicle-treated)
control showing marked decrease in DNA contents in hepatic nuclei. © CCl, + silymarin
treatment and (D) CCl, + capsaicin {1000 pg kg™!)-treated rats, marked improvement in DNA
content was evident compared with CCl, control rats

cytoplasm of hepatocytes (Fig. 2A). The glycogen content was sharply reduced in CCl,-treated control
rats (Fig. 2B), indicating reduced glycogen synthesis and glycogen stores. After treatment with
silymarin, glycogen content was almost restored to normal (Fig. 2C). In CCl, + capsaicin (1000 pg
kg ")-treated rats, marked increase in PAS reaction in the hepatocyte cytoplasm was seen in Fig. 2D.

Figure 3 shows the histological appearance of liver sections stained with Feulgen technique. The
histochemical investigation of liver in the control rats showed that nuclear chromatin substances of the
cells were stained red by the Feulgen technique. The DNA containing bodies were moderately dense
in the nuclei (Fig. 3A). The histochemical investigation of DNA in CCl,-treated control rats revealed
significant decrease in DNA contents in hepatic nuclei (Fig. 3B). Inliver sections of rats treated with
silymarin (Fig. 3C) or capsaicin (1000 pg kg™ (Fig. 3D), marked improvement in DN A content was
evident compared with CCl, control rats.

Discussion

The present study provides the first evidence that oral administration of capsaicin reduces hepatic
injury caused by the hepatotoxin CCl, in rats. Liver enzymes (alanine transaminase, aspartate
transaminase) in the serum and liver necrosis evaluated histologically were significantly reduced in the
capsaicin-treated rats. The CCl,-related disturbances of cellular dysfunction indicated by reduced
glycogen and protein content and DNA alterations were ameliorated by capsaicin. The significance of
these observations derives from the fact that capsaicin is a popular food ingredient and is consumed
worldwide and thus its effect on the liver, the largest metabolic organ and on metabolism is of utmost
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importance. A number of studies have examined the effects of capsaicin on the hepatic architecture.
In these studies where high and possibly desensitizing doses of capsaicin or neonatal capsaicin
treatment were employed, the authors reported increased (Lee, 1963) or decreased hepatic fibrosis
(Casini ef af., 1990; Bang er /., 2003), or failure to develop hyperkinetic circulation when cirrhosis or
portal hypertension was induced (Lee and Sharkey, 1993; Li ef af., 2003) or even complete inhibition
of stress-induced cellular damage (Erin ef af., 2000). In clear contrast to the above findings,
administration of capsaicin and CGRP ameliorated liver injury caused by ischacmia/reperfusion in rats
(Harada et al., 2002), while capsaicin-sensitive afferent appear to be involved in the mechanism by
which central administration of TRH attenuates the CCl,-induced acute liver injury (Yoneda ef af.,
2003). This discrepancy in results is probably due to the different regimens concerning capsaicin
desensitization. It is also worth mentioning that after neonatal treatment during development,
secondary changes in the periphery and in the nervous system result in a qualitatively different
situation as compared to adult treated anmimals (Szolesanyi, 1993; Szoke ef al., 2002).

Capsaicin is widely used as a probe for sensory neuron mechamsms. At low doses (in the pg kg
range) or concentrations (in the ug kg™! range), capsaicin exerts a powerful excitatory effect on
peripheral sensory nerve endings, this effect being confined to unmyelinated afferents (C-fibers)
(Szolesanyi 1977, 1984; Holzer, 1988; Mozsik ef af., 2001). Capsaicin sensitive afferent nerve endings
are not only sensory receptors for imtiation of nerve impulses, but also effector sites, where the
mediators are released and which in turn elicit local tissue responses (Szolesanyi 1984, 1990; Holzer,
1988). Capsaicin evokes the release of several neuropeptides from capsaicin-sensitive nerve endings
such as calcitonin gene-related peptide (CGRP), somatostatin and neurokinins (Holzer ef al., 1990).
The former is a potent vasodilator and much of the observed protection by capsaicin in the stomach
has been suggested to be mediated by CGRP (Evangelista, 1994). Capsaicin introduced into the rat
stomach (Lippe ef al., 1989; Holzer et al., 1991), or applied on the serosal surface of the stomach or
jejumum (Abdel-Salam et af., 1996), led to a marked increase in gastric mucosal blood flow, while
submucosal application of the agent caused dilatation of submucosal arterioles (Chen ef @f., 1992). In
peripheral blood vessels, the application of capsaicin produces a sustained vasodilatation, which is
mediated by the release of neuropeptides from sensory nerve endings (Fujimori ez ef., 1990).

The rat hepatobiliary tract is densely innervated by CGRP-containing fibers form dense networks
in the fibromuscular layer of the biliary tree and surrounding the portal vein. This suggests the
involvement of these peptidergic visceral afferents in regulating hepatobiliary activities, including
hemodynamic functions of the hepatic vasculature (Goehler and Sternini, 1996). Studies indicated that
vasodilatation in the vascular bed of the hepatic artery induced by reduction of the portal inflow to the
liver by 90% is partially mediated by activation of capsaicin-sensitive sensory fibers in the liver,
probably due to local tissue ischemia and hypoxia (Biernat ef o/, 2005). In rats subjected to hepatic
I/R, antithrombin increased hepatic tissue levels of 6-keto-PGF1alpha, hepatic-tissue blood flow and
attenuated both hepatic local inflammatory responses and liver injury by a mechanism dependent upon
intact sensory innervation, where CGRP-induced activation of both endothelial nitric oxide synthase
and cyclooxygenase-1 might be critically involved (Harada ez al., 2005). Capsaicin is likely to
ameliorate hepatic injury through increasing/maintaining microvascular perfusion. Early vascular events
were suggested to have a role in liver damage caused by CCl, (Tanaka ez ef., 1999) and increased
hepatic arterial blood flow may act to lessen CCl,-induced acute hepatic injury (Tanaka er al., 1999;
Hsu ef al., 1993). Capsaicinoids are readily absorbed from gut and intact molecules are found in portal
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vein blood (Srinivasan ez al., 1980; Kawada et al., 1984; Kawada and Twai, 1985; Donnerer ef al., 1990).
Capsaicin administered by intragastric or intraduodenal routes (4-400 pg mL~; 10-1000 pg kg™
altered bile flow and was readily excreted into bile at concentrations that are likely to have excitatory
effects on sensory nerve endings (Abdel-Salam ef @/, 2005). Findings in the present study, indicates
that orally admimistered capsaicin exerts beneficial effects on liver histopathologic changes and
enzymatic release caused by CCl, in rats.
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