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1. Introduction

Capsaicinoids are the active ingredients of redppeand paprika. These plants have
been well known in about 7000 years, and these hega applying in the every day of
the culinary practice.

An important discovery was made by Jancso et al2(B) that capsaicin (capsaicin,
dihydrocapsaicin, nordihydrocapsaicin and other sammoids) could specifically
modify the function of capsaicin-sensitive affer@etrves. The actions of capsaicin on
the capsaicin-sensitive afferent nerves has beemdfto be dose-dependent (4, 5, 6, 7,
8,9, 10, 11).

Szolcsanyi (6) observed four different stages qdsa&in action on afferent nerves
(depending on the dose and duration of the expasfuitee compound), which include:
(a) excitation (stage 1); (b) sensory blocking @ffestage 2); (c) long-term selective
neurotoxin impairment (stage 3); and (d) irrevdesibell destruction (stage 4). The
stages 1 and 2 are reversible, whereas stages 8 amdrreversible compound-induced
actions on the capsaicin-sensitive afferent nefli@se stages of capsaicin actions can
be detected in the gastrointestinal tract (11).

Capsaicin activates capsaicin (vanilloid) receptxgressed by a subgroup of primary
afferent nociceptive neurons (8). The capsaicireptar has been cloned (12) and has
been found to be linked to a cation channel. Itgéded by capsaicin and other
capsaicinoids (some vanilloids) by various treattmencluding low pH, noxious heat
and various pain-producing endogenous and exogestmmicals. Thus, those sensory
nerve endings possessing these ion channels arepside to being stimulated in the
gastric mucosa. During administration of small dogkcapsaicin (from ng/kg teg/kg
body weight) neurotransmitters [substance P (SBIGitonin-gene related peptide
(CGRP), somatostatin (SS), etc.,] are released ftioism nerve endings and these
mediators are responsible for the physiologicaledff of capsaicin in the
gastrointestinal (Gl) tract (8, 13, 14).

The vagal nerve has a key-role in the developmegastrointestinal mucosal damage
and prevention (15). The key-role of the vagal edmas been emphasized dominantly
in the aggressive processes to gastrointestinabsau(such as in peptic ulcer disease,
gastric mucosal damage, etc.) as evidenced fronrogagstinal investigations in

animal models and as well as in human clinical forac Thus, “chemical” and



“surgical” vagotomy was widely used in the treatmeh patients with peptic ulcer
disease over the years up to mid-1970s (16). Tineapy aims of this therapy were then
to decrease the activity of vagal nerve at the llefeefferent vagal fibers. The
application of capsaicin in the animal experimewas used as a specific tool to
investigate those primary afferent nociceptive nasar(8, 13, 14, 17, 18, 19) involved in
the different physiological and pathological preess
Szolcsanyi and Bartho (5) were the first authorisp wlearly identified the beneficial
and harmful effect of capsaicin in experimentaltpeplcer in rats, following varying
doses of capsaicin. Later, Holzer undertook extengivestigations on the mode of
action of capsaicin on gastrointestinal functioh8, (14, 17, 18). Our work team also
contributed during the 1980’s to gastrointestinapsaicin research from studies in
animal models (19).
Recently the new drug, lafutidine was introduced tire medical treatment of
gastrointestinal mucosal damage (20, 21, 22, 2B8,.24utidine is a histamine receptor
type 2 (HR)blocking compound which uniquely has typical @@pis actions on the
target organ.
The new and interesting results obtained with aapsaapplication in animal
experiments offered an excellent tool to approded different events of human
gastrointestinal physiology, pathology and pharnapo
The clinical studies with capsaicin have been athftom 1997 by our work team and
the milestones of these observations are the follgsy
« Determination of gastric basal acid output (BAO) innormal human healthy
subjects.
Capsaicin at doses of 100, 200, 400 and 8QOorally dose-dependently
inhibited the gastric acid output. The 50 % effestilose (ER) of capsaicin on
the inhibition of BAO was 40Qg/person. The dose-response curves were then
constructed (25, 26).
» Determination of affinity and intrinsic activity cu rves for drugs inhibiting
the gastric BAO in healthy human subjects.
There was no competitive effects of drugs [capeditD0, 200, 400 and 8Q@®
intragastricallyi.g.]), atropine (0.1-1.0 mg subcutanedss c]), pirenzepine
(25-50 mg), famotidine (20-40 mg orally), ranitigifl50-300 mg orally),
cimetidine (100-1000 mg orally), omeprazole (20+4d intravenousi. v.]) or



esomeprazole (20—-40 mg orally)] exist on the ga8AO. From investigations
of the molecular pharmacological action of drudse nhegative logarithm of
EDso (pD2 -the most frequently used value for characteriratibthe potency of
a drug) values and the intrinsic activity (compaveth the effects of atropine)
and the negative kogarthm of K(A) (pAvalues clearly show that capsaicin acts
at lower doses compared with those drugs actinghenmuscarinic (atropine,
pirenzepine) or bR (cimetidine, ranitidine, famotidine) and on pmtpump
(omeprazole, esomeprazole) (27).

Calculation of “parietal” and “non-parietal” compon ents of gastric
secretory responses with and without capsaicin.

The measurements of changes in the concentratibnations (H, Na" , K,
cd*, Mg®) and CT enable identification of the “parietal” and “nomsetal”
components of gastric secretion in humans (Holldadeethod) without and
with administration of different drugs (or composgh@28). Using this method
for the calculation and evaluation of measuremeftsations, chloride in the
gastric juice indicated clearly the significant tease of “parietal component”
(A — 18 £2 mmol/L, P <0.001) in association with $iigant increase of “non-
parietal” (A + 19 +2 mmol/L, P <0.001) component of the gastdcretion after
administration of 40Qug (given orally) capsaicin (n = 10) (26). The albam
concentration increased from 1.24 +0.001 g/L v6310.02 g/L (P <0.001; n =
10) after capsaicin (400g i. g. given) application (26).

Measurement of the changes in the gastric transmusal potential
difference (GTPD) induced by capsaicin in the hedlty human subjects.
Capsaicin (given i. g. in doses of 100, 200, 400 &m0 ug) dose-dependently
increased the GTPD alone\ [value from to baseline 10 (-mV)]. When
administered at twice the same dose of capsaidf (8, i. g.) there was a
similar increase in GTPD over the same time pefa&q 29).

Demonstration of the capsaicin’s effect on ethanohduced changes of
GTPD.

Intragastrically administered ethanol caused an ediate significant decrease
in the GTPD A 25 (-mV)]. The i.g. applied capsaicin (given insds of 100,
200, 400 and 80Qg) dose-dependently prevented the ethanol-indueeckdse
of GTPD in human healthy subjects (26, 30).



Measurement of gastric microbleeding produced by age administration of
indomethacin (IND) (without or with simultaneously administration of
capsaicin) in healthy human subjects.

The baseline of blood loss was 2.0 0.2 mL/day (fd)= 14) while that
following administration of IND, which was increast® 8.1 +0.2 mL/d (n = 14;
P <0.001). Capsaicin (given in doses of 200, 400 &b@ug orally before the
administration of IND) prevented in a dose-dependaeanner the IND induced
increased gastric microbleeding in normal healtlmpan subjects (26, 31).
Measurement of gastric emptying by stable isotope @thod. Measurements
of gastric emptying were performed on two consecute days with the same
protocol, without (first day) and with (second day)capsaicin.

Capsaicin given i.g. at B increased significantly the gastric acid emptying
(32, 33).

The role of the capsaicin-sensitive afferent neraes demonstrated by the further

observation of our work team imealthy human subjects but not inpatients suffered

from different gastrointestinal disorders.

The answers of the following questions could helpiderstand the potential effects of

capsaicin and the role of the capsaicin-sensitigevas in human gastrointestinal

disorders:

1.

Do the capsaicin-sensitive afferent nerves takd parthe development of
different disorders in patients?

What kind(s) of mechanism(s) is (are) expected hie tapsaicin-sensitive
afferent nerves?

Do the capsaicin-sensitive afferent nerves (trartgieceptor potential vanilloid
1 [TRPV]) and the liberated neurotransmitters (CGRP and S®w a

characteristic immunomorphology in different hun@ndisorders?

Is there any similarity in the gastric and largevbbdisorders with respect to
immunohistochemical distribution of TRPV1, CGRP &P

Is there any role of the capsaicin-sensitive affemeerves (TRPV1) and the
liberated neurotransmitters (CGRP and SP) in theeldpment of chronic
gastritis (as a pathomorphological appearance fdnmmation in the gastric

mucosa caused by different agents)?



6. Is there any difference in the immunostainings ®PV1, CGRP and SP
between theHelicobacter pylori (H. pylori) positive or negative chronic
gastritis?

7. Are there any changes in the immunhistochemicatibigion of TRVP1, CGRP
and SP in the gastric mucosa of the patients witlbric gastritis produced by
H. pylori before and after eradication therapy?

8. Have the capsaicin sensitive afferent nerves dimetr only mucosal) effect in

human healthy subjects?

The aim of this dissertation is to summarize thseaech that shows the possibility of
the use of capsaicin (as a new research tool)ntestigate its different aspects in

human pathology and pharmacology.



2. “Immunhistochemical distribution of vanilloid re ceptor, calcitonin-
gene-related peptide and substance P in gastrointesal mucosa of
patients with different gastrointestinal disorders”

2.1. Introduction

The principal role(s) of efferent vagal nerves Ifhave) been emphasized in the
development of gastrointestinal mucosal damagepasekention, as well as in medical
treatment (anticholinergic agents, histamingRHnhibitors, proton pump inhibitors
[PPI'Y) in the last century.
From the initial observation of the capsaicin degation phenomenon, a long-lasting
chemoanalgesia and impairments in thermoregulageainst heat in the 1970s, the
chain of new discoveries which led to the discovefythe capsaicin receptor on C-
polymodal nociceptors has been briefly summarizseelehere (8).
Neurogenic inflammation is mediated by these Craffess which are supplied by the
putative capsaicin receptor. These afferents ardledca capsaicin-sensitive
chemoreceptive afferents. They opened new avemuksal peptidergic regulation in
peripheral tissues. It has been suggested thatntrast to the classical axon theory, the
capsaicin-sensitive sensory system has a dual meradterent function whereby
initiation of afferent signals and neuropeptidecasie are coupled at the same nerve
endings. Furthermore, in the skin at threshold w@iiwvhich do not evoke sensation
already maximum efferent response as enhanced cirimutation is elicited. Recently
the capsaicin receptor has been cloned and it v mamed TRPV1 (12). Hence,
capsaicin research led to discovery of the firstgerature-gated ion channel gated by
noxious heat, protons, vanilloids and endogenowmantls as anadamide, N-
oleodopamine and lipoxygenase products. Anothenteachievement is the discovery
of a novel, unorthodox neurohormonal regulatory ma@ésm mediated by somatostatin.
SS released from the TRPV1-expressed nerve endBaghes the circulation and elicits
systemic anti-inflammatory and analgetic sensongfions.
The possible role of afferent vagal nerve was stidn the last decades both in
development of gastrointestinal mucosal and pratedh animal experiments (9, 14,
19, 34). Recently the gastroprotective effect opseécin against chemical agents
(ethanol, IND) has been proven in human healthyjestdh (26, 33). The beneficial
10



effect of capsaicin was also proven in patient$ Wiinctional gastrointestinal disorders
(35, 36).

In the vagal nerves, only 10% is constituted byerefit nerve fibers and 90% is
constituted by afferents ones; however, only 9%hef afferent nerves represents the
capsaicin-sensitive afferent nerves (37, 38).

Only a few papers can be found suggesting thafuhetional influence between the
efferent and afferent nerve fibers of the vagus eundifferent experimental
circumstances (19).

The overlap between the efferent and capsaicintsensafferent vagal nerve was
proven during the omeprazole effect due to gastaidd secretion and IND induced
gastric mucosal protection (39).

We have no scientific information on the involvermei capsaicin-sensitive vagal
nerves in the development and prevention of differgastrointestinal diseases in
patients. In our present study we demonstratedptiesence of capsaicin/vanilloid
receptor (TRPV1) and the released neuropeptideRE&d SP) in capsaicin-sensitive
afferent nerves. Together, these specific immunotiemical observations
demonstrate the involvement of capsaicin-sensidifferent nerves in the human Gl

disorders.

2.2. Aim

The aims of this study were: (1) collect patientshwdifferent gastric (gastritis, erosive
gastritis, gastric ulcer, polyps, adenocarcinonmal) large bowel (chronic inflammatory
bowel diseases, colon polyps without and with hglasia, dysplasia, adenocarcinoma)
diseases; (2) demonstrate the immunohistochemigdicypation and distribution of
TRPV1, CGRP and SP in these patients; (3) ansveefollowing questions: (i) Do the
capsaicin-sensitive afferent nerves take partenddavelopment of different disorders in
patients? (ii)) What kind(s) of mechanisms is (agpected in the capsaicin-sensitive
afferent nerves? (i) Do the neurotransmitters wshoa characteristic
immunomorphology? (iv) Is there any similarity hetgastric and large bowel disorders
with respect to immunohistochemical distributionf&PV1, CGRP and SP?

11



2.3. Materials and methods

The patients were admitted in the First DepartnoénYledicine, Medical and Health
Centre, Pécs University for medical (physical, l@bory, ultrasonography, endoscopic
and histological) examinations. Patients (127 imaljosuffering different gastric
(gastritis, gastric ulcer, polyps, adenocarcinoraajl colon (chronic inflammatory
diseases, polyps without and with hyperplasia, adamcinoma) diseases were included
into this study. Thirty people with functional dgggsia were taken as healthy controls.
These patients and persons with functional dyspegss controls) underwent the
classical medical physical examinations and thésedaboratory, ultrasonography,
endoscopic examinations. For the control groupyeisalts of the examinations were all
negative. The age of patients was 21-84 yeargdhent group consisted of 68 males
and 59 females, and the functional dyspepsia gnsisted of 10 males and 10
females. The patients had superficial gastritig,(dosive gastritis (5), gastric ulcer (4),
gastric polyps (6), gastric adenocarcinoma (4)ammmatory bowel disease (17), polyps
and hyperplasia (17), polyps with dysplasia (14 eslon adenocarcinoma (6).
Biopsies were taken from all patients and contretspns, and were histologically
analyzed in the Department of Pathology. The pttiemere put into the different
groups according to classical pathological diagnosi

Immunohistological studies were carried out on fiew@mbedded tissue samples using
the peroxidase-labeled polymer method (Lab VisidBA). SP was detected by the
NC1/34 HL rat monoclonal antibody, the TRPV1 and RFEGwere labeled using
polyclonal rabbit antisera (all from Abcam, UK).

Immunohistochemical analysis was assessed by tgttoscopy (Olympus). TRPV1

and CGRP staining was scored as positive or nega®iv as weak, medium or strong.

12



2.4. Results

The results are present in typical pictures indifierent histologically classified groups

of patients.

2. 4.1. Patients with gastric disorders

2.4.1.1. TRPV1

The TRPV1 was detected in chronic gastritis (Fid),2erosive gastritis (Fig. 2.2) and
adenocarcinoma (Fig. 2.3). The results of TRPV1luatepn in gastric tissues of

patients with different gastric diseases are sunz@aiin Fig. 2.4.

Figure 2.1. Demonstration of TRPV1 in the gastric mucosa ofguas with chronic gastritis. Arrows

show the immunsigns in the gastric mucosa.

Figure 2.2. Demonstration of TRPV1 in patients with erosivetgas. Arrows show the immunsigns in

the gastric mucosa.
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Figure 2.3. Demonstration of TRPVL1 in the gastric mucosa ofatiemt with gastric adenocarcinoma.

Arrows show the immunsigns in the gastric mucosa.

0
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Ulcer (4)
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(3)

Figure 2.4. Summary of distribution of positivity and negatiwibf TRPV1 in gastric mucosa of patients

with different gastric disorders. The numbers betwehe parentheses represent the number of the

patients.

2.4.1.2. CGRP detection
CGRP was detected in chronic gastritis (Fig. 2&)¢d gastric polyps with severe
dysplasia (Fig. 2.6). The results of CGRP evaluatiothe gastric tissues of patients

with different gastric diseases are summarizedgnZ?7.
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Figure 2.5.Demonstration of CGRP in the gastric mucosa ofteepiawith gastric erosion. Arrows show

the immunsigns in the gastric mucosa.

)
e ‘- ;

Figure 2.6.Demonstration of CGRP in the gastric mucosa ofteeptwith serve dysplastic gastric polyp.

Arrows show the immunsigns in the mucosa.
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(3)

Figure 2.7. Summary of distribution of positivity and negatwiof CGRP in gastric mucosa of patients
with different gastric disorders. The numbers lestov the parentheses represent the number of the

patients.
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2.4.1.3. SP detection

SP was detected in the gastric mucosa of the patiém chronic gastritis (Fig. 2.8) and
in patients with adenocarcinoma (Fig. 2.9) butithenunsigns were not the similar.

The results of SP detection in the different gastlisorders are summarized in Fig.
2.10.

Figure 2.8. Demonstration of SP in the gastric mucosa of aepativith chronic gastritis. Arrows show

the immunsigns in the mucosa.

Figure 2.9. “Smoke-like” intracellular positivity of SP in the gfaic mucosa of a patient with gastric

adenocarcinoma. Arrows show the immunsigns in theasa.
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Figure 2.10.Summary of SP distribution in gastric mucosa ofgras with different gastric disorders.

The numbers between the parentheses representrtitzen of the patients.

Table 2.1. summarizes the immunohistochemical absio§ TRPV1, CGRP and SP in
biopsies from patients with different gastric dses (gastritis, erosive gastritis, ulcer,
polyps and carcinoma).

Table 2.1. Summary of immunohistochemical changes in the gastucosa in patients with different
gastric disorders. The numbers between the parssghepresent the number of the patients.

Chronic Gastric Peptic Gastric Adenocc.
Control " . o
gastritis erosion ulcer polyps ventriculi
TRPV1
positive 20% (4) 69% (35) 80% (4) 50% (2) 66.7% (4) 66.7% (2
negative 80% (16) 31% (16) 20% (1) 50% (2) 33.3% (2) 33.3% (
CGRP
positive 30% (6) 59% (30) 60% (3) 50% (2) 66.7% (4) 100% (4)
negative 70% (14) 41% (21) 40% (2) 50% (2) 33.3% (2) 0% (0)
SP
weak 75% (15) 59% (29) 66.7 % (4) 50% (2) 100% (6) 8@ (
moderate 0% (0) 14% (7) 0% (0) 0% (0) 0% (0) 20% (1)
strong 25% (5) 27% (13) 33.3% (2) 50% (2) 0% (0) 0% (0)

2.4.2. Patients with large bowel disorders

2.4.2.1. Detection of TRPV1

The presence of TRPV1 was detected in colon mugbpatient with inflammation and
polyps (Fig. 2.11), inflammation and dysplasia (F&yl2). Figure 2.13 shows the
summary of the immunohistochemical distribution T®PV1 in the colon diseases
(inflammation, polyps, dysplasia, tumor), whichicates the positivity, negativity and
spot-like pattern.

17
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mmundistribution of TRPV

Figure 2.11.1

polyp (A) and a patient with inflammatory bowel elise (B). Arrows show the immunsigns in the

mucosa.

e

owel

Figure 2.12.Immunmorphology of TRPV1 in the colon mucosa ofadignt with inflammatory b
disease (A) and a patient with severe dysplastigpp(B). The picture B demonstrates the “spot like”

immunsigns at the paranuclare area. Arrows shownthaunsigns in the mucosa.
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100 % O negative B surface positivity B "Spot-like" pattern
80 A
60
40 -
20 | '
0 T — T T
Inflammation Polyps with moderate Polyps with serve Tumors
dysplasia dysplasia
Negative Positive ~Spot-like” pattern
Inflammatory bowel diseases 29.4% (5) 59.8% (10) 11.8% (2)
Polyps with moderate dysplasia 70.6% (12) 0% (0) 29.4% (5)
Polyps with severe dysplasia 17.6% (3) 5.9% (1) 76.5% (13)
Colon adenocarcinoma 16.7% (1) 0% (0) 83.3% (5)

Figure 2.13 Summary of TRPV1 distribution in the colon mucasgatients with different large bowel

diseases. The numbers between the parenthesesemipiiee number of the patients.

2.4.2.2. Detection of CGRP
The immunohistochemical negativity and positivivilye demonstrated in the colon
mucosa of patients with polyps and inflammatory bbwlisease (Fig. 2.14). The

summary of the CGRP positivity and negativity igegi in Fig. 2.15.

Figure 2.14.Demonstration of negativity (A) and positivity (Bj CGRP by immunmorphology in colon

mucosa of patients with colon diseases. Arrows sth@v¥mmunsigns in the mucosa.

19



100 % [JNegative B Positive

80 -
60 -
40 |
20 4
0 L L 1
Inflammation Polyps with moderate  Polyps with serve Tumors
dysplasia dysplasia
Negative Positive
Inflammatory bowel diseases 40.2 % (7) 59.8 % (10)
Polyps with moderate dysplasia 82.4 % (14) 12.6 % (3)
Polyps with severe dysplasia 94.1 % (16) 5.9% (1)
Colon adenocarcinoma 16.7 % (1) 83.3 % (5)

Figure 2.15 Summary of CGRP distribution in the colon muco$aatients with different large bowel
diseases. The numbers between the parenthesesamefttee number of the patients.

2.4.2.3. Detection of SP.
Immunohistochemical positivity is demonstratedha tolon mucosa (Fig. 2.16). Figure
2.17. summarizes the results of immunohistochemauabatribution in the colon

inflammation, polyps, dysplasia and tumors.

Figure 2.16.Immundistribution of SP can be observed in a laminhal (A) and in a cross section (B) of
the colon mucosa in a patient with inflammatory bbdisease. Arrows show the immunsigns in the

mucosa.
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100 % O weak B Medium B Strong

Inflammation Polyps with moderate Polyps with serve Tumors
dysplasia dysplasia
Weak Medium Strong
Inflammatory bowel diseases 5.9% (1) 17.6% (3) 76.5% (13)
Polyps with moderate dysplasia 70.6% (12) 11.8% (2) 17.6% (3)
Polyps with severe dysplasia 82.4% (14) 5.9% (1) 11.8% (2)
Colon adenocarcinoma 66.6% (4) 16.7% (1) 16.7% (1)

Figure 2.17 Summary of SP distribution in the colon mucosgpafients with different large bowel

diseases. The numbers between the parenthesesaneftee number of the patients.

Table 2.2 summarizes the immunohistochemical Oigtion of TRPV1, CGRP and SP

in colon inflammation, polyps with moderate andesevdysplasia and tumors.

Table 2.2 Summary of the immunohistochemical changes irctien mucosa of patients with different

large bowel disorders.

TRPV1 CGRP SP
Inflammatory bowel disease + + +
Polyps with moderate dysplasia - - -
Polyps with severe dysplasia + - -
Colon adenocarcinoma + + -

All three examined immunohistochemical changespagsent in inflammation. TRPV1
is also present in dysplasia and tumors, and CGRRimors; however, SP is not
tipically present in polyps with moderate and sew#ysplasia and tumors of the colon.

21



2.5. Discussion and conclusion

Both the afferent and efferent vagal nerves arelued in the development of different
gastrointestinal disorders (inflammation, dysplagialyps, cancers). The line intact
tissue— inflammation— hyperplastic polyps- dysplastic polyps— tumor represents
the biochemical, morphological and clinical trerfds the development of malignant
diseases. Of course the etiological factors arg supected, but not exactly known in
inflammation, hyperplasia, dysplasia, polyps anicea. On the other hand, the stomach
(from the proximal part) and colon (from the dispart) of the gastrointestinal tract
were studied in this presentation.

The participation of activated protein C (Leidentaiion), decrease of serum vitamin A
and zeaxanthin have been demonstrated in chrorii@mmatory bowel diseases,
oesophageal, stomach, liver, pancreatic and cdhlireancers (40). No change was
found both in the activated protein C and retinordsicute gastritis and hepatitis (40).
Together, these results proved the participatiosonfie hereditary (activated protein C)
and nutritional environmental (retinoids) factons the development of chronic
inflammatory diseases and oesophageal, gastrier, [pancreatic and colon cancers
(41).

In our present study we evaluated the capsaicisipen afferent nerves (TRPV1 and
liberated neuropeptides CGRP, SP). We did not fzene earlier information on the
possible role of capsaicin-sensitive afferent nelimethe development of inflammation,
hyperplasia, dysplasia, polyps and tumors of sténaad colon in patients, as we could
not find relevant literature citation(s) (42). OCaother observations clearly proved that
during development of omeprazole-induced gastidtgation an overlap exists between
the capsaicin-sensitive afferent nerves and eftererves of the vagal nerve (39).

Our results prove the participation of capsaicinsg#gve afferent nerves in the
development of inflammation, hyperplasia, dysplagp@lyps and tumors both in the
proximal (stomach) and distal (colon) parts of @ldract in humans.

Up to now, all of the researchers emphasized the ob capsaicin-sensitive afferent
nerves in the development of different inflammat@mnpcesses. Our present results
clearly prove that the capsaicin sensitive-afferemves (and neuropeptides released by
them) participate in the development of chronidaimimation, hyperplasia, dysplasia,

polyps and cancers in the stomach and colon ireqati To date the details of these
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mechanisms are unknown. However, taken togethesethmesults prove the role of
capsaicin-sensitive afferent nerve in the develapgnoé these diseases. These afferent
nerves can be modified by different chemicals, inating from the human body and
from different foods.
In consequence of these studies we can conclutle tha
1. Capsaicin-sensitive afferent nerves and neuropeptieleased by them take part
in the development of different human gastrointedtdisorders.
2. The immunohistochemical distribution of TRPV1, CGRRI SP differs in the
upper (gastric) and distal (colon) parts of the trgastestinal tract (in

inflammation, hyperplasia, dysplasia, ulcer, polygncers).

These observations show only a momentary roleet#psaicin-sensitive nerves in the
development of these Gl disorders but the involvaimaportance of an etiological
factor or the effect of a treatment could not bsesbed/found out.
Other observations have to be made
1. to demonstrate immundustribution of capsaicin-gamsnerves (as TRPV1) and
liberated neurotransmitters (SP, CGRP) in Gl dismdlike gastritis), which
have the same pathomorphological appearance bld beucaused by different
factors — causative factor dependence?;
2. to approach the possible gastric mucosal defensigehanisms of capsaicin-
sensitive afferent nerves (immunhistochemical dhstron of TRVP1, CGRP,
SP) in the development of gastritis and its treatime

23



3. “Participation of capsaicin-sensitive afferent erves in the gastric
mucosa of patients withHelicobacter pylori positive or negative chronic
gastritis”

3.1. Introduction

Gastritis is a pathomorphological appearance dammfation in the gastric mucosa.
Acute and chronic gastritis can be differentiatgdhe reasons of the development and
the process of the disease. The chronic gastrdig Ibe caused by different factors like
asH. pylori infection, bacterial overgrowth in a hypochlorhgdstomach, autoimmun
mechanisms or chemical agents like long-term nooisteanti-inflammatory drug
(NSAID) treatment or bile reflux (43, 44). Nowadayke importance oH. pylori
infection is rising as the main causative factorgestric diseases in humans. This
bacterium is highly prevalent in many countries)(4®d it increases the risk for
development of gastric and duodenal ulcer disegasric cancer, and gastric mucosa-
associated lymphoid tissue (MALT) lymphoma (46, 48, 49, 50, 51).

The dysfunction of the gastrointestinal mucosakdsé mechanisms is also involved in
the development of gastric diseases. The capssériaitive afferent nerves take part in
gastric mucosal protection in animals (9, 19, ¥#2juman healthy subjects (26, 33, 53)
and the presence of these fibers is proved in ¢éveldpment of human gastrointestinal
disorders including gastritis, peptic ulcer, polyghout and with dysplasia, tumor and
inflammatory bowel diseases (42, 54). The mechanigmich these neurons express
their effects are complex but widely investigat@ithe capsaicin-sensitive afferent
nerves contain a temperature-gated ion channetccalhpsaicin receptor or TRPV1,
which receptor is sensitive for noxious heat, pmetovanilloids (capsaicin) and
endogenous ligands (anadarmide, N-oleodopaminéypogdygenase products) (12). By
stimulating these afferent fibers with capsaiciourf response stages (excitation,
sensory-blocking, long-term selective neurotoxicp@amment and irreversible cell
destruction) are developing depending on the dodedaration of exposure of the drug
(11). Small dose of capsaicimg/kg) causes excitation on the nerve endings and
neuropeptides (SP, CGRP and SS) are released (84)3These mediators could
increase the mucosal blood flow by vasodilatati®®),( activate mast cells and
immuncells in the mucosa (56), they are involved dirug effect (34, 39) and
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somatostatin could elicit systemic anti-inflammgtand analgetic ,sensory functions”.
The immundistribution of neuropeptides (SP, VIPWBS, GAL) released from the
sensory neurons and its neuro-immun function aoavknin H. pylori positive gastritis

but not examined in gastritis without this infecti7).

3.2. Aim

The aims of the study were:

1. To collect patients suffered from gastritis,

2. To divide them into groups according to the preseoic absence dfl. pylori
infection,

3. To examine the role of the capsaicin-sensitive raffe nerves in the
development of chronic gastritis by detecting themundistribution of the
capsaicin receptor and the liberated neurotransrei{CGRP and SP),

4. To obtain the difference in the immunostainingsaeen theH. pylori positive

or negative chronic gastritis.

3.3. Materials and methods

The symptoms of the patients suffered from chrogastritis with or without
Helicobacter pylori infection (21 H. pylori positive, 30H. pylori negative) were
unspecific (gastric discomfort sensation, nausess bf appetite, vomiting). They went
over physical, laboratory, ultrasonography, endpgcand histological examinations at
the First Department of Medicine, Medical and He&entre, University of Pécs.
Twenty peoples with functional dyspepsia (all cérthwent over the above mentioned
medical, laboratory, iconographic and histologiedaminations and all of these
examinations indicated absolutely negative reswtxe taken as healthy controls. The
age of patients was 39 to 68 years 22 males, 28léxnand 10 males and 10 females in
the group of functional dyspepsia.

The gastric biopsies were collected from the hygmia areas of the corpus and antrum
of the stomach by eosophago-gastro-bulboscopyHeheobacter pylori infection was
detected by using'iC] urea breath testXiC] UBT), rapid urease test and specific
histological examinations. The gastric tissue sas\plere analyzed in the Department
of Pathology, and classified into different grougschronic gastritis according to the

Sydney’s System (58). The biopsies showed modeeateé severe activity of
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inflammation. The groups of patients with chronastitis and histologically healthy
persons were established on the opinion of an en#gnt histopathologist.

The immunohistological studies were carried oufamalin fixed, paraffin embedded
tissue samples using the peroxidase-labeled polymethod (Lab Vision Corp.,
Fremont, USA). The SP was detected by the NC1/34d&tlmonoclonal antibody, the
TRPV1 receptor and CGRP were labeled using polwatloabbit antisera (all from
Abcam Ltd., UK Cambridge) (Table 3.1.).

Table 3.1.Used primary antisera

A_ntis_era Abbreviation Species Dilution Source
Telated popide  CORP Rabbit 1200 e U

Substance P sp Rat 1200 rﬁgr‘i:gg”e” Uk
otentalvanilgd 1 TRPVL  Rabbit 1400 o o

The immunohistochemical analysis was assessedyby icroscopy (Olympus). The
TRPV1 and CGRP were detected as positive or negatmeanwhile the SP
immundistribution was characterized by using a j&dex”. This index was calculated
by counting immunpositive spots in at least fivghhimagnification fields. In fields
without immunostaining, the score was zero, field®taining only one positive spots,
the score was one and fields with two or more sthielements were scored two. The
total score in one specimen was divided by the rarrobthe scanned field to obtain the
SP-index. Based on these results, biopsies wessetainto three categories; weak,

medium and strong (Table 3.2.).

Table 3.2 Semiquantitive quantition of immunhistochemictdising of SP in the gastric mucosa of

healthy subjects and of patients with chronic gistr

SP evaluation SP-index
Weak <0,5
Medium 0,5<and<1
Strong 1<

The human examinations were permitted by the Radjidtthical Committee of
University Pécs, Hungary. Written informed conseas obtained from all participants.
Satistical analysiss TRPV1l and CGRP were statistically evaluated yyprobe,

meanwhile the SP results were semiquantitatinguetadl by Mann-Whitney’s U test.

The results were taken to be significant, if P wealu were <0,05.
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3.4. Results

The results are presented by the typical pictufédeedimmunmorphlogical appearance
of the studied receptor and mediators in the gastricosa in human healthy subjects

and in patients with chronic gastritis (Figs. 3)1-3

Figure 3.1.Immundistribution of TRPV1 in the gastric mucosaaohealthy subject (A) and of patient
with H. pylori negative (B) andH. pylori positive (C) chronic gastritis. Arrows show thenimsigns in

the mucosa.
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Figure 3.2. Immundistribution of CGRP in gastric mucosa ofealthy subject (A), of patient witH.
pylori negative (B) andH. pylori positive (C) chronic gastritis. Arrows show thenimnsigns in the

mucosa.
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Figure 3.3.Immundistribution of SP in gastric mucosa of a tigakubject (A) and of patient witH.
pylori negative (BH. pylori positive (C) chronic gastritis. Arrows show thenmmnsigns in the mucosa.
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The summary of the immunhistochemical results malestrated by Table 3.3 and Figs.
3.4-5 show the SP-scores (MEANzSEM) in patientshwehronic gastritis and in

healthy persons.

Table 3.3. Summary of results of immunhistochemical examimegtiof TRVP1, CGRP and SP in the
gastric mucosa of human healthy subjects and ddmgatwith chronic gastritis.The numbers between th

parentheses represent the number of the patients.

TRPV1 TRPV1 CGRP CGRP SP SP SP
positive negative positive negative weak medium strong
Control 20 % 80 % 30 % 70 % 75 % 0% 25 %

(4) (16) (6) (14) (15) (0) (5)
H.pylori  66.7% 33.3% 52% 48 % 60 % 15 % 25 %
positive  (14) (7) (11) (10) (12) 3) 5)
H.pylori 70 % 30% 633% 36.7% 586% 138% 27.6%
negatve (1) 9) (19) (11) (17) (4) (8)
O Control B H. pylori positive H. pylori negative
O -
NS=not significant
804 —— g
*E, **P<0.01 *P<0.05
701 M
60 -
50 -
40 -
30 -
20 -
10 A
O ) ) ) 1
TRPV1 TRPV1 CGRP CGRP SP SP SP

negative positive negative positive weak medium strong

Figure 3.4.The results of immundistribution of TRPV1, CGRRI&P in the gastric mucosa of patients

suffered fromH. pylori positive or negative chronic gastritis and in bteabubjects.
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O Control B H. pylori positive H. pylori negative NS
NS
16- NS
’ NS=not significant % 137:0,11 A
1,4 1 —A e 240,13
- *P< e
= 0.05
w 1,21 * NS
('{')I (_LY_L\
Z 1-
< NS 0,740,027
S 08- ! \
o
3 061 NS
9 ~— . NS
a 0,41
2 0,12+0,038 f )
024 0,086 0,029
' 0,075+0,04 0
0 5525 B '
SP  weak SP medium SP strong

Figure 3.5. SP-score values in the gastric mucosa of patigitksH. pylori positive or negative chronic

gastritis and of healthy subjects.

In the TRPV1 positive cases of chronic gastritithvar withoutH. pylori infection and
in healthy subjects, the immunostaining was deteese fine granular cytoplasmic
immunsigns in the epithelial cells at gastric mac(sg. 3.1).

The TRPV1 positive cases of chronic gastritis wegaificantly higher (P<0.01) extent
than in controls meanwhile no significant differencvas detected in the
immunmorphology of TRPV1 between the patients Wdtipylori negative or positive
chronic gastritis.

The characteristic immunmdistribution of CGRP wase f granular cytoplasmic
positivity in the epithelial cells at gastric mueosf patients with chronic gastritis with
or withoutH. pylori infection and in healthy persons (Fig. 3.2).

In the immunhistological distribution of CGRP, sigrant changes could be observed
between the healthy aidl pylori negative chronic gastritis (P<0.01) and no sigatii
difference was found in the two typeBl.(pylori negative or positive) of chronic
gastritis. Although the count of the positive tisssamples increased id. pylori
positive gastritis, it did not reach significanttiifferent level compared to healthy

controls.
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The immunmorphology of SP was detected as grasubatl spot-like signals along the

mucosal blood vessels at gastric mucosa of heaithjects and of patients with chronic
gastritis with or without presence Hf pylori infection (Fig. 3.3).

No significantly change could be observed in theam of weak and strong SP-score
between the healthy subjects and the patients @htlonic gastritis meanwhile the

medium cases of SP immunhistological samples apgdearchronicH. pylori negative

or positive gastritis.

3.5. Discussion and conclusion

The inflammation of the gastric mucosa is a genfrstl (but not specific) reaction to
different physical (irritation), chemical (ethanalpnsteroid anti-inflammatory drugs,
reserpine), bacteriaH( pylori and other strains) and viral stress. The capsammsitive
afferent nerves take place in the integrity of gaghucosa in animals and in human
beings (19, 26, 33) by liberating mediators (SP @@RP) from the axon terminals
(“dual hypothesis”) (8).

The roles of the capsaicin-sensitive afferent nelawed these mediators were known in
patients with different gastrointestinal disorddikee chronic gastritis, peptic ulcer,
erosion and tumors (42, 54, 57).

It was suggested by us that the participation gisamin-sensitive afferent nerves
depends on the causative factor to produce gasimtpatients and of course the
pylori infection was especially suggested as a caustdnter to produce gastritis in
patients. To detect the probable “causative fadgpendent” functions of capsaicin-
sensitive nerves, the immunhistochemical distrdngiof capsaicin receptor, CGRP and
SP were studied in patients with chrohicpylori positive and negative gastritis and in
histologically healthy subjects.

Based on our observations, the results can be stmedan two parts:

1.) The capsaicin-sensitive nerves take place endéwvelopment of chronic gastritis
which is demonstrated by the significantly increasamunhistochmical expression of
capsaicin receptor, CGRP and SP in the gastric saugbpatients with chronic gastritis
(with or withoutH. pylori infection) (compared to the healthy subjects).

2.) The involvement of capsaicin-sensitive affereatves in human chronic gastritis

does not depended on the presencél.opylori infection, indicated by the observed
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same immunhistochemical appearance of TRPV1, CGRIFS® in the gastric mucosa
and the similar ratio between the positive and tieg@&ases of the studied receptor and

mediators in patients suffered frdth pylori positive or negative chronic gastritis.

In conclusion, the increased expression of capsaeseptor, CGRP and SP could be
one of compensatory mechanisms produced by thaicapsensitive afferent nerves in
patients with chronic gastritis and this first tissreaction to “noxious agents” do not

depend on the presencetbfpylori infection.

The involvement of the capsaicin-sensitive affeai@an is not known in the therapeutic

effects of drug in humans so other observation have proposed.
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4. "Capsaicin-sensitive afferentation represents an indifferent
defensive pathway from eradication in patients withHelicobacter pylori
gastritis”

4.1. Introduction

The gastric lesions are caused by the disruptianlzdlance between the aggressive and
defensive factors. The most common “aggressive’hqun bacterium of/in the
stomach is thél. pylori (59). The importance of thd. pylori infection inhere not only
its widely spreading but also it is etiologic factf different human gastrointestinal
disorders (acute gastritis, chronic gastritis, gastlcer, gastric MALT lymphoma,
gastric adenocarcinoma, duodenal ulcer) (45, 46,487 49, 50, 51, 60, 61). The
eradication of this organism has been associated histological improvement of
gastritis (8).

On the other side, capsaicin-sensitive afferemasoone of the defensive mechanisms.
The role of these nerves has been demonstratedastriqg mucosal protection by
preventing of the drugs-induced mucosal injurynimals (9, 19, 52) and by decreasing
of the amount of IND-induced gastric microbleedimgshumans healthy subjects (26,
33, 56).

A temperature-gated nonselective cation channdle(taapsaicin receptor or TRPV1)
is the “capsaicin-sensitive” part of these nervidss receptor is sensitive not only for
capsaicin and other vanilloids but also for protares<ious heat and endogenous ligands
(anadarmide, N-oleodopamine) and lypoxygenase pted(l2). The TRPV1 was
detected in the area postrema and in the nuclacsif solitarii where the afferent fibers
of the vagal nerve terminate. The nervus vagusistensf 10 % efferent nerves, 90 %
of afferent nerves and 10 % of the afferent nemggsesents the capsaicin-sensitive
afferentation of the vagal nerve. The amount ofdfferent nerves and the capsaicin-
sensitive afferent nerves are roughly the same atrinuhe vagal nerve.

Capsaicin exposure exerts various responses ie tifésrent nerves depending on the
dose and the exposure duration (excitation, sersogking, long-term selective
neurotoxic impairment and irreversible cell dedfiarg (11). During administration of
small doses of capsaicin (from ng/kgug/kg body weight) neurotransmitters (SP, SS,

CGRP etc.,) are released from this nerve endingsl38 14). These mediators are
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responsible for the increase of mucosal blood figuwasodilatation (55), activation of
mast cells and immuncells in the mucosa (56, 57).

The presence of this receptor and of released ogaosmitters has been studied in the
development of human gastrointestinal disorderiithicg gastritis, peptic ulcer, polyp,
tumor and inflammatory bowel diseases by immunologly (34, 42, 54). In our recent
work significant changes were observed in the pesef TRVP1, CGRP and SP in
patients with chronidi. pylori positive gastritis and in histologically healthybgects
but no change could be detected between the patight suffered from chronic
gastritis without or witfH. pylori infection (62).

The effects of omeprazole and omeprazole-like camgs have also been evaluated on
changes of TRVP1, SP and CGRP immunodistributicats (39).

4.2. Aim

The aim of our present study was to analyze the eblcapsaicin afferent nerves (e.qg.
immunhistochemical distribution of TRVP1, CGRP, S$the gastric mucosa of the
patients with chronic gastritis produced bl pylori before and after eradication

treatment.

4.3. Materials and methods

The observations were carried out in 38 persorduding 20 healthy subjects and 18
patients withH. pylori positive gastritis.

Eighteen patients withH. pylori positive chronic gastritis underwent physical,
laboratory, ultrasonography, endoscopic and higiodd examination at the Department
of Medicine and Gastroenterology, Markusovszky Thesg Hospital, Szombathely
(Hungary). The age of patients (6 males, 12 females 39 to 68 years (mean = 56.4
years) and a questionnaire was used to determgngatients’ symptoms.

Twenty peoples with functional dyspepsia (all agrthwent over the above mentioned
medical, laboratory, iconographic and histologiedaminations and all of these
examinations indicated absolutely negative reswte taken as healthy controls. The
age of patients (10 males and 10 females) was 87 j@ars (mean = 52.1 years) in the

group of functional dyspepsia.
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TheH. pylori infection was detected before and after the eadigdic therapy using the
[**C] UBT, rapid urease test, Warthin-Starry silveairsing and specific histological
examinations.

The gastric biopsies from patients with. pylori positive chronic gastritis were
collected from the hyperemic areas of the gastnipws and antrum by gastroscopy
before and after eradication therapy. The gasisgué samples were analyzed in the
Department of Pathology of Markusovszky Teachingpital, Szombathely (Hungary)
and classified into different groups of chronic tgis according to the Sydney’s
System (30). The groups of patients with chronistigiés and histological healthy
persons were established by an independent expedéal pathologist.

H. pylori positive patients underwent 7 days long eradioati®@atment with the
combination of double dose PPI (pantoprazole 2 xmgfdd), amoxycillin (1000 mg
twice daily) and clarithromycin (500 mg twice dailgccording to current European
guidelines (63). After this 1 week combination &y, patients continued to take a
normal dose of PPI for another week. The time pebetween the first and control
gastroscopy was 6 weeks. Similar gastric biopsieseviaken from the corpus and
antrum of healthy subjects.

The immunohistological studies were carried oufmmalin fixed, paraffin embedded
tissue samples of gastric mucosa using the persedtidbeled polymer method (Lab
Vision Co., Fremont, USA). SP was detected by thHe1/84 HL rat monoclonal
antibody, the TRVP1 and CGRP were labeled usinggbmhal rabbit antisera (all from
Abcam Ltd., UK Cambridge).

The immunohistochemical examinations were perfornmethe Histopathology Ltd.,
Pécs (Hungary).

The human examinations were permitted by the Redjidthical Committee of
University Pécs, Hungary. Written informed conseas obtained from all participants.
TRVP1, SP and CGRP were statistically evaluategi’probe. The results were taken

to be significant, iP values werec< 0.05.
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4.4. Results

BeforeH. pylori eradication, the symptoms of patients withpylori positive chronic
gastritis were unspecific: epigastrial pain (14/I&%), heartburn (13/18, 72%),
nausea/vomiting (9/18, 50%) abdominal expansioi8960%), constipation (6/18,
38%).

Moderate and severe activity of inflammation cobdédobserved in the gastric biopsies
of patients withH. pylori positive chronic gastritis before eradication tineant.

TheH. pylori eradication therapy was successful in 16 of 1&pts (89%).

After eradication, symptoms were found to remainderate in seven patients (7/18,
39%) and 11 patients (11/18, 61%) had no complaifiés treatment.

Histologically healthy gastric mucosa could be degte only in 4 cases of the control
biopsies and in 14 cases the appearance of chyasidtis was moderated.

Fine cytoplasmic TRVP1 positivity was detected ir3(7/20) of healthy subjects,
whereadH. pylori positive gastritis patients were 89% (16/R8; 0.001) positive before
and 72% (13/1® < 0.03) positive after eradication therapy.

CGRP staining showed fine positively stained cydspiic granules distributed in both
the epithelial cells of gastric mucosa of patiesit H. pylori positive chronic gastritis
and in histologically healthy persons (Figure 4)1IBxmunohistochemistry for CGRP
was positive in 100% (18/1&, < 0.001) of patients both before and after erdutina
(18/18,P < 0.001). In the mucosa of healthy individuals thiaining was found to be
positive in 40% (8/18) of controls.

SP was detected as small granular spot-like signaidized along the mucosal blood
vessels (Figure 4.1.C). The SP immune-staining peasstive in 25% (3/20) of control
persons, and in 5.5% (1/18,> 0.05) before and 0% (0/1B,> 0.05) after eradication

in the gastric mucosa.
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Figure 4.1Immune-staining for TRPV1 (A), CGRP (B) and SP {{C)he gastric mucosa of patients with

H. pylori positive chronic gastritis (x 100). The arrowswtibe immunsigns in the mucosa.

The results of the immunohistological examinatitmsTRVP1 and mediators (CGRP
and SP) are summarized in Table 4.1. Interestivghegn compared to normal mucosa,
the presence of SP decreased in the mucosa obthm@dpatients withH. pylori

positive chronic gastritis before and after eratilicatreatment (Figure 4.2).

O Control B Before eradication After eradication
% * NS=not significant
120+ ! ‘ *P<0.01
* NS

100 - —

80 -

60 -

40 -

20 -

O T T 1
TRPV1 positive CGRP positive SP positive

Figure 4.2. Changes in the immunhistochemical distributiorcapsaicin receptor (TRPV1), CGRP and

SP in patients witl. pylori positive chronic gastritis before and after eratian.
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Table 4.1 Summary of the presence of capsaicin receptor, C&RIFSP in the gastric mucosa of patients
with chronic H. pylori positive gastritis, before and after eradicatiomerapy, obtained by

immunohistochemistry. The numbers between the plageas represent the number of the patients.

TRPV1 CGRP Substance P

Positive  Negative  Positive  Negative  Positive  Negati

Before

eradication 88.89% 11.11% 100 % 0% 556 % 94.44 Y%
ne1g) | (16) 2) (18) (0) (1) (17)
erag]::eartion 72.22% 17.78% 100 % 0% 0% 100 %
ne1g) (13 (5) (18) ) 0) (18)
Control 35% 65 % 40 % 60 % 25 % 75 %
group (7) (13) (8) (12) %) (15)

(n=20)

4 5. Discussion and conclusion

The possible role(s) of the capsaicin-sensitiverafit vagal nerve has been studied by
our team since 1980 under physiological and difiepathological conditions in animal
experiments (9, 19, 34), healthy subjects (64) andpatients with different
gastrointestinal disorders (54, 62).
The presence of TRPV1, CGRP significantly increase#i. pylori positive chronic
gastritis compared with gastric mucosa of healtityjects. The data suggested that the
TRPV1, CGRP could be involved in the developmenthafman chronic gastritis;
however no significant changes were obtained aftassicalH. pylori eradication
treatment. SP levels decreased in patients Witpylori chronic gastritis and its value
was not changed by eradication treatment.
Histologically healthy gastric mucosa could be dité in only 22% of patients at 6
weeks after classical eradication treatment. It ingeyesting to note, however, that the
distribution of gastric mucosal TRPV1, CGRP and && not change irH. pylori
positive gastritis after classical eradication timaant.
How can we explain this unchanged distribution?
We might need to start with the observed facts:

1. TRPV1, CGRP and SP can be immunohistologicallydetein rat and human

gastric mucosa under healthy and different pathoégircumstances.
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. The changes in expression of TRPV1, CGRP and SPaaensequence of

activation in capsaicin-sensitive afferent nerves.
The presence dfl. pylori was proved in all patients with chronic gastritisour

study.

. The eradication ofH. pylori was successfully carried out, and that was

associated with a significant decrease in patier@siplaints.

The gastric mucosa normalized in 22% of patientsg &8% of patients
demonstrated only moderate histological signs sfrges in their gastric mucosa
after eradication treatment.

Independently from the proof that chronic gastnsisassociated withd. pylori
infection, the histological picture of gastric mseoindicates only a moderate

remission.

We are able to explain the unchanged immunohistoda distribution of TRPV1,

CGRP and SP oH. pylori positive chronic gastritis after successfully ération

treatment as follows:

The time period (6 weeks) after eradication is ghotime for decreasing the
patients’ complaints but not enough for the congleistological recovery and
healing of chronicH. pylori (in terms of histology and immunohistology) in
patients.

It can be suggested that other permanent factves$s drugs), not responding to
the H. pylori eradication therapy, also play a part in the dgwalent of chronic
gastritis; this is in accordance with our furthbservations.

The immunohistological distribution of TRPV1, CGRiAd SP seems to be
independent of the chronic gastritis produced Wfexint physical, chemical,
bacteriological, immunological agents.

A low percentage of the participants was refractorthe eradication therapy so
that the persistent. pylori infection before and after eradication, could
maintain the same immunohistochemical appearant¢h@nsame inflammatory

response.

Earlier, we demonstrated that the amount of vadilteceptor, CGRP and SP increased

in patients with chronic gastritis; however, nofeliéences were obtained in their

presence in gastric mucosa tef pylori positive andH. pylori negative patients (62).

These results clearly indicate that the immunoblstmical distribution of vanilloid

40



receptor, CGRP and SP during the classical eragiicateatment in patients witH.
pylori positive chronic gastritis is independent from #radication treatment. These
facts suggest that the function of capsaicin-seeséfferent nerves is also independent.
Capsaicin is able to reduce the IND-induced gastiicrobleeding in human healthy
subjects. The involvement of TRVP1, CGRP and SPdifferent gastrointestinal
disorders shows the importance of continuing suotiass to better understand gastric
defensive mechanisms in humans (26). Similar cammhs were obtained from the
results of animal experiments, when we applied sir(gubstances) acting on both
efferent and afferent vagal nerves (19), and reces summary of both actions. The
results of these observations led us to concludedapsaicin-sensitive afferent nerves
are the most important physiological regulatorgyastric basal acid secretion and of
chemical-induced gastric mucosal damage in humahhyesubjects (26, 64, 65).

The most important message of this study is thastriga capsaicin-sensitive
afferentation has a permanent defensive role in gastric mucosa against injury
produced by different noxious agents. Consequehédymodification of the function of
capsaicin-sensitive afferent nerves offers newipdsis in the field of human medical

therapy.
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5. “Capsaicin and glucose absorption and utilizatio in healthy human
subjects”

5.1. Introduction

A putative hepatic insulin-sensitive substance bagn suggested to be of key
importance in the regulation of peripheral insudemsitivity in healthy people and
patients with diabetes (66). Oroszi et al. indidaiat there was an interplay between
the nitric oxide and calcitonin gene-related peptdoduced by capsaicin. Oroszi et al.
(67) and Sadri and Lautt (68) reported that theckdge of the hepatic nitric-oxide
synthase causes insulin resistance.

Capsaicin activates TRPV1 expressed by a subgrbygimary afferent nociceptive
neurons (69). The TRPV1 has been cloned (12) aadcetion channel. It is gated not
only by capsaicin and some vanilloids but also dy bH, noxious heat and various
pain-producing endogenous and exogenous chemités potential role of vanilloid
receptors in physiology and pathology was recamtlyewed (70). The potential role(s)
of capsaicin in glucose metabolism has been studiedker different experimental
circumstances in animal experiments (71, 72,73, 748), but the experimental
conditions of these animal studies differ signifitta from each other and from those
involving healthy human subjects. The main diffeeshare: (1) higher doses of applied
capsaicin; (2) significantly different time sequeadetween glucose administration and
the hormonal response (insulin, glucagon release)(d) different timing of capsaicin
administration. The most significant difference viietn animal experiments and
planned human observations is that orally admiresteglucose in human healthy
subjects produces a well-defined sequence of evegitecose absorption from
gastrointestinal tract> insulin release— glucagon release»> glycogen mobilization
from the liver.

The glucose tolerance test, carried out in hedftlnpan subjects, offers an excellent
scientific approach to gain insight into the phisgical correlations between glucose
absorption from the gastrointestinal tract (durihg first 4 hourfh]), hormone (insulin
and glucagon) release (from 1 to 2.5 h) and glynagebilization from the liver (from
2.5 to 3 h) without and with capsaicin (given inadindoses), which stimulates the
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capsaicin-sensitive afferent nerves in human hgattbjects (26). Earlier studies
indicated a decreased basal gastric acid outp)itaf2® an increase in gastric emptying
(32) with capsaicin the Ef value being 40Qug capsaicin after oral administration in
both cases.

In this study, the plasma levels of glucose, imsulC-peptide and glucagon were
measured every 15 minutes (min) to 4 h after ataliaistration of glucose without and

with capsaicin in healthy human subjects.

5.2. Aim

The aim of this study was to clear up the involvemef glucose absorption and
hormone (insulin, C-peptide, glucagon) release he nheural regulation of hepatic
insulin-sensitive substance, to prove the involveimef capsaicin-sensitive afferent

nerves in glucose absorption and hormone regulatibmman healthy subjects.

5.3. Materials and methods

5.3.1. Clinical observations

Fourteen healthy human subjects (aged 455, meRti23. participated in this self-
controlled study. Each healthy subject receivedngbglucose orally (dissolved in 100
ml of water), without and with capsaicin (4Q@ orally given). The plasma levels of
glucose (Boehringer, Germany), insulgd/ml) (Biochem Immunsystem), C-peptide
and glucagon (pg/ml) (Byk-Sangtect Diagnostic Gmiadje measured in every 15 min
for 4 h.

The observations were carried out according to GGbdical Practice (GCP). The
studies were approved by the Regional Ethics Cotaeibf University of Pécs,
Hungary. Written informed consent was obtained fadhparticipants.

5.3.2. Chemical

The pure capsaicin was obtained form Sigma-Aldfgiapest, Hungary.

5. 3.3. Satistical analysis

The results are expressed as means=S.E.M. Thedf@ivelent T-test was applied for
statistical analysis of results for the same pataméhe results were taken to be
significant if X<0.05.
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5.4. Results

The plasma levels of glucose increased signifigedfilto 150 min and the plasma level
of glucagon increased from 90 to 180 min after aggs administration in human
healthy subjects given 75 g glucose orally. Thesipk levels of insulin and C peptide
increased from 75 to 165 min after glucose adnratisin; however, levels did not

differ significantly without or with capsaicin (4Q@ orally) (Fig.5.1).

75 g glucose orally
10

without ------ with capsaicin (400 ug orally)

E'l - -
. +5.E.M. “p<0y
,"I"‘I-. . meaniS.E.M p<0,05

(mmol/L)

Serum glucose level

0 15 30 45 60 73 90 105 120 135 150 165 180 195 210 225 240
time (min)

150 7 without lgin == with capsaicin (400 ug orally)

Serum insulin level
(aiimL)

a0 T T T T T T T T T T T T T T T 1
0 15 30 45 60 75 80 105 120 135 150 165 180 195 210 225 240
time (min)

without capsaicin  ------ with capsaicin (400 ug orally)

Serum C-peptide level
{ng/mL)

18 T T T T T T T T T T T T T T T 1
0 15 30 45 B0 75 90 105 120 135 150 165 180 195 210 225 240

time (min)

without capsaicin ; *
b 2

L I with capsaicin (400 ug orally) - A
“p<0,05 3

Serum glucagon level
{pa/mL)

B0 T T T T T T T T T T T T T T T 1
0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 235 240
time (min)

Figure 5.1 Changes in plasma levels of glucose, insulin, e@tde and glucagon after oral
administration of glucose (75 g in 100 ml water)lih healthy human subjects. Capsaicin (40D was
orally given in gelatin capsule (Hungaropharma, &wekt, Hungary). The plasma levels of glucose,
insulin, C-peptide and glucagon were measured etérymin for 4 h. The results are expressed as

means = S.E.M.
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5.5. Discussion

The response to glucose loading in healthy huméaijesis can be divided into three
different periods on the basis of physiologicalulatpry events: (1) absorption (first
period) (from 30 to 90 min); (2) insulin (and otHewrmones) release (second period)
(from 60 to 150 min); (3) glycogen release (thietipd) by the liver (from 150 to 180
min). In the first period the plasma glucose ledebends only on glucose absorption; in
the second period the plasma level of glucose septs the equilibrium between the
absorption and hormone release; and in the thirdgée¢he glucose level represents the
mobilization of glucose by the liver in healthy hamsubjects.

After the administration of capsaicin (4Qg orally) the plasma levels of both glucose
and glucagon (the average value and as well aspéfa& of glucagon) increased
significantly without there being any changes iagpha levels of insulin and C-peptide.
By studying the time sequence of the changes isnpdalevels of glucose, insulin, C-
peptide and glucagon after glucose loading in hgdiuman subjects without and with
capsaicin (40Qug), we observed the following: (1) The plasma lsw& glucose (from
30 to 150 min) and glucagon (from 90 to 180 miry&ased significantly after glucose
plus capsaicin administration. (2) The plasma kw&# insulin and C-peptide were
increased on glucose loading in healthy human stéjeom 90 to 165 min; however,
no significant changes were observed between thieds without and with capsaicin.
(3) No significance in the timing of insulin andugagon release was observed, which
clearly excludes the existence of antagonism betviiee insulin and glucagon release
(short time). (4) The plasma glucagon level washéigor longer than was the plasma
insulin level. It should be noted that capsaicioréased glucagon levels only after
glucose absorption had occurred. These resultglléadicate the complexity of
glucagon release and the possible role of capssénsitive afferent nerves in its
regulation.

We concluded from our present human observatioas tie increased release of
glucagon is independent of insulin release afteicage loading that stimulation of
capsaicin-sensitive afferent nerves by a low dobecapsaicin stimulates glucose
absorption from the Gl tract in healthy human satsj@nd promotes the mobilization of
glycogen by stimulation of capsaicin-sensitive &fe¢ nerves. Szolcsanyi et al. (2004)

showed the direct release of SS by the stimulaifarapsaicin-sensitive afferent nerves
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in rats. Capsaicin-induced glucagon synthesis p@ara of the hormonal regulation of
hepatic insulin-sensitive substance and is involvedthe regulation of insulin
resistance. The results clearly indicate that dapsaensitive afferent nerves have a
key role both in (increase due to a local increas#ood flow) gastrointestinal tract and
in glucose utilization (increased glucagon reledsefissues in healthy human subjects.
These effects of capsaicin occur at different times
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6. Brief general conclusion and near (present) fune

The GI mucosal is an intereactive surface insidethef body, wich has different
functions (for example absorbtion, immundefencgesiion etc...). The integrity of the
Gl mucosa depends on the balance between aggrdssiemical agents, drugs and
gastric acid) and defensive factors (gastric mushsrt/fast cell turn-over, faster gastric
emptying, etc...). It is also well known that thestyic acid production has an important
role in the development of gastric mucosal injurgcause gastric ulcer could not be
developed without gastric acid. This complex medrmancould be regulated by
different neurohormonal agents (including the vagalve), and they roles were
emphasized in the target of the development amdinent of gastric ulcer.

The key role of vagal nerve has been widely empgkdsin the gastric acid production,
and during the development of medicine the targets anti-ulcer treatment
changed/varried from anatomical structures (medioal surgical vagotomy) to

molecular structures @R antagonists and of PPIs).

Interestingly, it was proved that the Gl effectstbé vagal nerve - as a part of a
complex reflex arc — transmitted not only by théerdnt but also by afferent fibers.

Nowadays, the targets of the anti-ulcer treatmeatoa the efferent side of the vagal
nerve, although the vagal nerve consists of 90%rexft fibers and 10 % efferent fibers.
This nine percentages of the afferent fibers ansiee for capsaicin so the capsaicin-
sensitive afferent fibers and the efferent fibgesgets of the anti-ulcer treatment) are

roughly the same amount (19).

Capsaicin is a member of the capsaicinoids (dimgajseaicin, nordihydrocapsaicin and

other capsaicinoids) and they are the pungent digmnés of paprika or red pepp@5).

The effects of capsacinoids/capsaicin acting onsaiam-sensitive afferent nerves
depend on the dose and the duration of the exp@swurdour different response stages
[excitation (stage 1); sensory blocking effect gst2); long-term selective neurotoxin
impairment (stage 3); irreversible cell destructi(stage 4)] could be separated

according that (6; 11). In the first stage smalkeak of capsacinoids stimulate these
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nerve endings and active neurotransmitters arasete from them. This mechanism
could take a part in the gastroprotective effect.

Our work team takes part/is involved in the rededor the gastroprotective effects of
capsaicin in animal experiments from 1980 whichultssare summarized by Mézsik et
al in 1997.

The human observations with capsaicin have beeredasut at the first Department of
Medicine, Medical and Health Center, University Récs from 1997. These studies
were permitted by the Regional Ethical Committeé?éts University, Hungary, and
these observations were carried out according t@dGGlinical Practice (GCP),
respected the Helsinki Declaration.

The effect of capsaicin on capsaicin-sensitiveraffenerves depends on two different

factors: the dose of the driagd the duration of the exposyés.

The dose of capsaicin, which produces gastropigeeetfect in healthy human subjects
was determined by different, simply used methodgagnrement of gastric BAO,
gastric mucosal potential difference, or detecbbthe gastric microbleeding produced
by IND with or without capsaicin) and the Efof capsaicin on the gastric BAO was
found to be 400 pg/person (26; 64).

To demonstrate the gastroprotective effect of dapsan healthy human subjects, when
the effect of capsaicin was compared with othergsiracting on the muscarinic
(atropine, pirenzepine), R (cimetidine, ranitidine, famotidine, nizatidine) blocking
of the proton pump (omeprazole, esomeprazole) hapD and the intrinsic activity

(compared with the effects of atropine) were deteate (64).

The gastric mucosal damage and protection with atejps was studied with IND
application (with and without capsaicin), whichaisignificant medical problem in the
everyday medical treatment (as NSAIDs-induced gas#stinal injuries, ulceration,
bleeding, perforation). Because these studies waréed out in healthy human persons,

therefore our attention turned to the directiondifferent Gl disorders.

We planned to study the potential role(s) of thpse#cin-sensitive afferent fibers in

different GI disorders (gastritis, ulcer, inflamnoat produced by different agents, like
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H. pylori, precancerous states, cancers) in the proximaldatdl parts of the Gl tract
(using classical endoscopic examinations and wairodd tissue samples by biopsy).

The role of this dissertation was to map the Goulsrs in which the capsaicnoids (as
TRPV1 receptor agonist) might influence its gastoogctive effect and to observe
potential other pharmacological effects of the aeapsoids in patients with different
disorders. Of course, my investigations represemy a part of the pharmacological
approach of capsaicin in the human beings, whiclevad®ne our workteam. So the

separation of these obtained results practicaliybmadone.

The new results of our observations (in which kipgrated actively) are the followings:

1. The TRPV1 and SP and CGRP could be detected by mhistochemical
method in tissue samples of patients with differ@htdisorders. It means that
the capsaicin-sensitive afferent nerves and nepiajes released by them take

part in the development of different human Gl dilews.

2. The immunohistochemical distibution of TRPV1, CGRRI SP differs in the
upper (gastric) and distal (colon) parts of the trgastestinal tract
(inflammation, hyperplasia, dysplasia, ulcer, pslgnd cancers).

3. The involvement of capsaicin-sensitive afferentvasrin human chronic

gastritis does not depended on the presenkk pylori infection,

4. The capsaicin-sensitive afferentation has a perntadefensive role in the

human gastric mucosa against injury produced Wgréiit noxious agents.

5. The increased activation (compared with histoldgibaalthy persons) of
capsaicin-sensitive afferent nerves (by immunoblstmical distribution of
TRPV1, CGRP and SP) after successftilypylori eradication therapy suggests
that these nerves are involved in the healing n@shaof the gastric mucosa
(that is a new capsaicin-sensitive afferent neutaefensive pathway or

mechanism in the treatment Bf pylori-induced chronic gastritis). This is an
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internationally new observation in the field ofateent of chronic gastritis in
patients.

6. The capsaicin-sensitive afferent nerves have arkky in glucose utilization
(increased glucagon release) by tissues in hehlihyan subjects, indicating the
participation of capsaicin action in the human oasmrate metabolism.

7. Our results offered to suggest the participation adpsaicin-sensitive
afferentation (including the TRPV1, released CGBP) in the development
and prevention of the different gastrointestinabdiers in patients.

Because the chronic gastric mucosal damage camdbgcaed by different agents
(especially by drugs and other causative agents askl. pylori) and the direct orally
application of capsaicin prevents the IND-inducedcosal damage and the increased
activity of capsaicin-sensitive afferentation measduby immunohistochemical methods
in H. pylori positive and negative chronic gastritis (whickfedts from the classical
eradication treatment), these results together esigtipe existence of the capsaicin-
sensitive afferent dependent neural gastroprotectivechanism (64, 65), and it
suggested that the capsaicin alone or in diffecentbination can be used in the human
medical therapy.

The results - as the gastroprotective effect ofamin - can be used in the treatment of
H. pylori induced chronic gastritis, and the capsaicin (givesmall doses) is able to
prevent the NSAIDs-induced gastrointestinal mucasahage - suggest that capsaicin
might be able to prevent the gastric side effedtdNSAIDs used as pain Kkillers,
antipyretic drugs or platelet aggregation inhitstan patients with cardiac diseases,

ischemic stroke, chronic joint diseases.

In the last years, the production of plant origapgaicin alone or in combinations
(capsaicin + acetylsalicylic acid, capsaicin + diehac and capsaicin + naproxen) was
done in an innovative pharmacological research éetwthe First Department of
Medicine, Medical and Health Centre, University Récs versus the PannonPharma
Pharmaceutical Ltd, Pécsvarad (76,7Bvo from three human phase |. examinations
were carried out in human healthy persons (capsaiciASA and capsaicin +

diclofenac). The results of these finished humaasph. examinations indicated:
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1. the capsaicin (orally given in doses of 400 and 8gPalone or in combinations
could not be detected in the plasma of treatedtineslbjects (which suggests
that the capsaicin acts primarily locally in theaphaceutical drug preparation
or the pharmaceutical factory used excellent bieadie compound during the
drug pharmaceutical production);

2. the different doses of capsaicin do not modify pf@rmacokinetic parameters
of the ASA and diclofenac;

3. capsaicin itself has no any effect on the platedgfregation;

4. the ASA induced platelet aggregation remained ungbd.

So capsaicin might be able to prevent the gastde sffects of NSAIDs or ASA
meanwhile it doesn’t change the effects of themANIS and ASA) (77,78).

Finally, the results of basic animal examinationd auman observations - carried out
in First Department of Medicine, Medical and Healtbntre from 1970 up to now—
suggest that the gastrointestinal mucosal integrityld be reconstruct not only the
“maximal inhibition” of the aggressive factors JRl antagonists, PPIs aridl. pylori

eradication) but also the stimulation of the defiea side (capsaicin TRPV1).
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