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1. Introduction 

 

Preserving oral health is a crucially important area of medicine. One of the 

numerous functions of the oral cavity is that it serves as a first line of defense, forming a 

barrier between the internal and the external environment. Thus, an appropriate function 

of oral tissues is a pre-requisite for the healthy function of the entire organism. For the 

appropriate function of organs and tissues, a good supply of nutrients and oxygen is 

necessary. This is provided by the blood supply, and therefore knowledge of the 

microcirculation of particular organs is necessary for a proper understanding of their 

function. With an increase of blood flow, the rate of saliva secretion also increases. A 

tight coupling of saliva secretion and the rate of salivary gland blood flow has been 

demonstrated both in humans and in animals. The first indicator of an injury is the 

change in microcirculation.  

Dental procedures often lead to an injury of the marginal gingiva. Restorations 

that are over-extended or otherwise inappropriately carried out, can harm the integrity 

of these gingival areas. Long-term irritation and areas of iatrogenic plaque-retention can 

lead to variable degrees of inflammation.  

Blood flow is regulated by local and systemic mechanisms. Vasoregulatory 

substances produced by endothelial cells have a key role in local regulatory 

mechanisms. Of these substances, endothelin (ET) has a primarily vasoconstrictor 

effect, while prostacyclins such as PGI2, and nitric oxide (NO) have a vasodilator effect. 

NO is a small gaseous compound with a short half-life (several seconds) and diverse 

biological effects. The molecule has an important role in the regulation of blood flow in 

oral tissues.  

One etiological factor in the ischemic diseases of orofacial tissues is the stenosis 

or occlusion of the common carotid artery. In our experiments we studied the changes in 

circulation caused by the occlusion of the common carotid artery. There were no 

published data on how uni- or bilateral carotid occlusion and the resulting hypoxia 

influences NO production in salivary glands. NO, a vasodilator, likely plays a role in 

maintaining circulation in salivary glands.  

A major public health problem in dentistry is periodontal disease 

(parodontopathy), a bacterial initiated inflammatory disease involving soft and hard 
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supporting tissues of the teeth, affecting a significant part of the population. Periodontal 

disease is now considered a multifactorial disease. Dental plaque is the major initiator, 

but genetic predisposition and other systemic factors, as well as environmental effects 

play key roles in its etiology. The presence of dental plaque is necessary but not 

sufficient for the development of periodontitis. Saliva, gingival sulcus and connective 

tissue, and both the innate and the adaptive immune system are all involved in the 

defense against dental plaque. A major task of the dentist is, as part of the periodontal 

prevention, to prevent the onset and progression of these inflammatory processes and 

the associated lesions. Conservative therapy can be supplemented by the use of anti-

inflammatory agents. Published data suggest that a pentadecapeptide isolated by Sikiric 

and colleagues in the early nineties, has substantial anti-inflammatory and 

cytoprotective effects. This peptide, BPC157, has a strong anti-inflammatory effect in 

acute and chronic models of inflammation, promotes healing, and acts as a stimulator of 

angiogenesis.  

Gingival circulation and microvessel function can be studied using different 

methods. A non-invasive technique to study tissue blood flow is laser Doppler 

flowmetry (LDF), a sensitive, reproducible and harmless method that is widely used 

today. LDF can be used both in human studies and on experimental animals.  

 

2. Aims  

 

1. Setting up laser Doppler flowmetry on human subjects. To study whether there is a 

difference in blood flow values in humans under physiological conditions at the 

marginal gingival area between different points that belong to the same tooth, around 

teeth within the same quadrant and between the upper and the lower jaws.  

 

2. Setting up laser Doppler flowmetry on rats. To study the change in gingival blood 

flow in response to nitric oxide. To study the homogeneity of blood flow at the ventral 

surface of the submandibular gland, the effect of transient and prolonged carotid artery 

occlusion on submandibular gland circulation, and how nitric oxide influences the effect 

of transient occlusion.  
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3. To study the effect of BPC157 in healthy gingiva. 

 

4. To investigate the effect of BPC157 on gingivitis.  

 

5. To determine the effects of BPC157 on ligature-induced experimental bone loss. 

How BPC157 influences inflammatory bone loss around the entire circumference of the 

tooth. Whether there is a difference in bone structure. Whether there is a change in the 

micromorphometric parameters of alveolar bone.  

  

3. Methods 

 

Laser Doppler flowmetry: Blood flow was measured by a Laser Doppler blood flow 

meter (Oxford Optronix, Oxford, UK) and expressed in tissue perfusion units (BPU). A 

straight laser Doppler probe (780 nm; Oxford Optronix, Oxford, UK) with an outer 

diameter of 0.9 mm, was connected to the blood flow meter. Both in human and in 

animal studies, manipulator fixation was used to decrease the artefacts arising from 

probe movement. The head of the animals was immobilized using self-polymerizing 

acrylate on the incisors. The probe was directed perpendicularly to the surface of the 

tissue to be studied. The probe did not touch the surface of the tissue, and thus did not 

influence microcirculation. The laser Doppler flowmeter was connected to a personal 

computer (Haemosys System, Experimetria Ltd., Budapest, Hungary) for data 

acquisition, storage and analysis.  

 

Laser Doppler measurements in humans: Measurements were performed on 10 

healthy individuals with good oral hygiene, aged between 20-30 years in each group. 

Studies were performed in a dental office, under resting conditions. Cheek retractors 

were used during measurements.  

Studies on the blood flow of marginal gingiva: The probe was located on the marginal 

gingival, 1 mm from the gingival margin. Probe movement was prevented by 

manipulator fixation. Measurements at each point were performed in a random order.  

Blood flow measurement in gingiva around the central incisors: Measurements were 

taken at 3 points around each central incisor (teeth 11, 21, 31 and 41 according to FDI 
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notation). Points were located at the interdental papilla on the mesial and distal side of 

each tooth, and at the apical-most point of the gingival margin in the line of the central 

axis of each tooth.  

Gingival blood flow of the upper right quadrant: Gingival blood flow was measured at 

teeth 11-16 (according to FDI notation) at one point for each tooth, at the apical-most 

point in the line of the central axis of the tooth.   

 

General description of the methods used in animal experiments 

Experimental animals: Experiments were carried out on anaesthetized female and male 

Wistar rats. Females weighed 200 ± 20 g, males 300 ± 50 g. Animals were kept in 12-

hour cycles of light and dark, and were fed with standard rat laboratory chow and tap 

water ad libitum until used for experiments.  

Drugs: Sodium pentobarbital was used for anaesthesia (Nembutal, 60 mg / kg bw., ip., 

CEVA Sanofi santé animale s.a., Paris, France). 

Blood coagulation in the cannula was prevented by heparin (iv. 500 IU / kg bw., 

Gedeon Richter Plc., Budapest, Hungary). 

NO synthase was blocked by the non-selective inhibitor Nω-nitro-L-arginine methyl 

ester (L-NAME, Sigma Aldrich LTD, Budapest, Hungary), administered in different 

doses and timing.  For acute administration, 10 mg/kg bw. (dissolved in 1 ml 0.9% 

physiological saline) was given iv. bolus. For slow administration, 5 mg/kg bw. was 

dissolved in 1 ml 0,9 % physiological saline and infused intravenously during the time 

of the experiment. For chronic administration, L-NAME was dissolved at a 0.1 mg/ml 

concentration in the drinking water, which was consumed ad libitum by the rats.   

BPC157 was dissolved in 0.9 % physiological saline and applied at doses of 100 ng/kg 

bw. and 10 μg/kg bw. in a final volume of 1 ml intravenously, or intraperitonealy in 

different experiments. Solutions were freshly prepared before each experiment.  

Surgical procedures: After anaesthesia the animals were placed on a heated table. Body 

temperature was kept at around 37 °C. When necessary, tracheotomy was performed 

and animals were allowed to breathe spontaneously through the tracheal cannula. The 

right femoral artery was cannulated and connected to an electromanometer. Other 

vessels were cannulated as described below for each experiment.  Heparin was 

administered to animals after surgery to prevent blood coagulation in cannulae. 
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Circulation parameters were recorded after blood pressure had stabilized. Animals were 

euthanized at the end of experiments by administering a double dose of anaesthesia.  

All procedures conformed to the European Convention for the protection of vertebrate 

animals used for experimental and other scientific purposes. The study was approved by 

the Animal Ethics Committee of Semmelweis University (animal protocol N
o
: 

1798/003/2004). 

Mean blood pressure (MBP; mmHg) was monitored continuously by a Haemosys 

computerized data-acquisition system through the femoral catheter using a pressure 

transducer connected to an electromanometer (Experimetria Ltd., Budapest, Hungary). 

Heart rate (HR) was determined by Haemosys by counting the pulsatory blood pressure 

signals (min
-1

).  

Gingival and submandibular flow rate (BF) was expressed in blood perfusion units 

(BPU).  The vascular resistance (VR) was calculated as a ratio of MBP and BF, and 

values are given in resistance (mmHg/BPU). 

 

Experiments – Laser Doppler flowmetry on rat gingiva and submandibular gland 

Effect of nitric on the blood flow of central papilla in rat – adjustment of LDF: A laser 

Doppler probe was directed to the papilla between the two upper incisor teeth. The 

probe did not touch the gingiva. Experimental drugs were administered via the femoral 

vein. After a baseline recoding, animals received 15 mg/kg bw. L-NAME intravenously 

(n=16), and circulation parameters were again recorded after 15 minutes.  

Blood flow measurement in rat submandibular gland (SMG): Glands (right or both) 

were prepared in anaesthetized animals such that the ventral surface of the glands were 

readily accessible. The probe was directed to the ventral surface gland, avoiding 

physical contact.  

Blood flow homogenity in rat SMG: To study the homogeneity of blood flow in rat 

SMG, glands on both sides were exposed in 11 animals. In order to find out whether the 

glandular blood supply was homogenous, the ventral surface of both SMGs were 

divided into 5 regions and the blood flow in each of these regions was determined. The 

laser Doppler flowmetry signal was recorded for 1 min at every region in a random 

order. 
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Investigation of the acute effects of nitric oxide on the circulation of rat SMG:  

After the baseline period, animals received the following drugs: 

control group (n=12):  0.2 ml / 0.1 kg bw.  0.9 % physiological saline iv. bolus,  

L-NAME group (n=11): 10 mg / kg bw. L-NAME iv. bolus, and 5 mg / kg bw. for a 

further 15 min as an iv. infusion.  

Changes in the circulation of rat SMG after uni- and bilateral carotid occlusion: From 

a mediansagittal neck incision, the common carotid artery was prepared and threads 

were inserted under it. After the stabilization of systemic blood pressure the common 

carotid artery was occluded in a random order on the left, on the right, or on both sides 

using the threads. Occlusions were repeated three times in each animal and responses 

were averaged for each animal. Unilateral occlusion was performed in 12 rats and 

bilateral occlusion in 10 rats. 

Role of nitric oxide in the blood flow of the rat submandibular gland during carotid 

artery occlusion:   

Nitric oxide synthase was blocked by L-NAME (10 mg / kg bw. / day), dissolved in tap 

water for 4 days before the experiment. The common carotid artery was occluded as 

described above on the left, on the right, or on both sides in a random order for 90 sec. 

Unilateral occlusion was performed in 16 rats and bilateral occlusion in 13 rats.  

 

Effect of BPC157 on circulation under healthy and pathological conditions in rat 

gingiva 

The acute effect of BPC157 on intact interdental papilla blood flow: Central papilla 

blood flow was registered in rat. After the baseline period (bsl), the animals received 10 

μg / kg bw. BPC157, iv., (n=7). Haemodynamic parameters were recorded 15 minutes 

after treatment. 

Effect of chronic BPC157 administration on ligature-induced periodontitis:  

Ligature induced experimental periodontitis: Rats were lightly anaesthetized and a 

sterile, 2-0 black braided silk thread was placed around the cervix of the lower left first 

molar. After rats had recovered from anaesthesia they were allowed to consume 

commercial laboratory food and drink tap water ad libitum. Animals were divided into 3 

groups. Animals received the following treatments for 12 days: control group 0.9 % 

saline (n=12), the investigated groups either 100 ng/kg BPC157 (n=12) other 10 μg/kg 
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BPC157 (n=12). Injections were administered intraperitoneally once per day, the first 

application was given 30 min after ligature placement, while the final application 24 h 

before the tissue harvest. On day 13, the animals were anaesthetized again as described 

above. The mandible and the gingiva around the bottom molars were excised. After the 

anaesthesia gingival capillary permeability was studied by the Evans-blue extravasation 

technique. The gingival morphological alterations were estimated by histological 

analysis. To obtain a gingivomucosal tissue sample, the ramus was transected and the 

mandible partially removed together with the surrounding tissues.  Next, mandibles 

were separated from the surrounding tissues, cut in half sagittally between the incisors 

and processed. Then approximately 2-3 mm thick stripes were cut that included 

gingivomucosal tissue around the first molar, as well as gingiva both on the lingual and 

on the buccal side until the middle line of the second molar. The contralateral, non-

ligature side served as control. 

Mandibles from the surrounding tissues were investigated alveolar bone resorption by 

microCT.  

Determination of the changes of gingivomucosal vascular permeability: Changes in the 

permeability of gingivomucosal blood vessels were determined by measuring Evans 

blue extravasation. Evans blue is a dye that binds to serum albumin, suitable for 

detecting protein efflux to the interstitium, ie. an increase in vessel wall permeability in 

gingivomucosal tissue. To assess vascular permeability, animals received 50 mg/kg 

Evans blue (Reanal, Hungary, dissolved in physiological saline at a concentration of 

2.5%) via a femoral venous catheter. Five minutes later another cannula was introduced 

into the abdominal aorta toward the heart. Ten minutes after Evans blue administration 

the dye remaining in the gingivomucosal capillaries was removed by retrograde 

intraaortic injection of 40 ml isotonic saline solution. Gingivomucosal tissues were cut 

and measured the wet weights. The contralateral, non-ligature side served as control. 

Extravasated Evans blue in excised gingivomucosal tissue samples was extracted by 

incubation in 0.5 ml formamide for 48h at room temperature. Evans blue concentration 

was determined by spectrophotometric measurement (Spectromon) at 620 nm using a 

calibration curve, and expressed in µg/g gingivomucosal tissue. 

Histological analysis: Tissue samples from the gingiva surrounding the mandibular first 

molars (n=3-3) were harvested on both sides from control animals and rats that received 
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10 µg / kg bw. BPC157. Samples were fixed by immersion in 3% paraformaldehyde. 

Sections were stained with haematoxiline and eosin. Photomicrographs were taken 

using a transmitted light microscope (Olympus Vanox, Olympus, Tokyo, Japan). 

MicroCT investigations: Mandibles were excised from rats used in the experiments 

described above, separated from the surrounding tissues and cut in half in a sagittal 

plane between the incisors and were processed. Alveolar bone resorption and alveolar 

bone morphometric parameters were imaged using a microCT Cone Beam 1172 

SkyScan system (Skyscan, Kontich, Belgium), at an isotropic voxelsize of 10 μm.  

Three-dimensional reconstructions of the images were visualized using the NRecon 

software (SkyScan, Kontich, Belgium).  Alveolar bone resorption was estimated by 

calculating the distance between the cemento-enamel-junction (CEJ) and the crista 

alveolaris around the mandibular first molars. Distances at mesial, buccal, mesiolingual 

and lingual positions were measured. Alveolar bone resorption was also calculated 

under the furcation area, as the distance between the furcation of the root and the 

surface of the interradicular bone in the same axis. This measurement was taken on 

resliced mandibular cross section images at the midradicular plain of the lingual root. 

The distance was expressed in mm. Image datasets were analysed by The CT Analyser 

software (1.7.0.5, SkyScan, Kontich, Belgium) to evaluate bone volume (BV). Alveolar 

bone morphometric parameters were investigated between mesial and distal roots of the 

lower first molars, at half way of the root length.  

Statistical Analysis: The STATISTICA software (StatSoft, StatSoft Inc., USA) was 

used for statistical analysis. Data are presented as mean ± SEM. Statistical analysis was 

performed by repeated measurement of ANOVA and Bonferroni post hoc test and/or 

contrast analysis (vascular resistance values) of compared groups. p<0.05 was 

considered statistically significant.  

 

4. Results 

 

Human gingival blood flow 

The mean blood flow values (in BPU) obtained at 3 different measurement points 

(mesial, buccal, distal) on the marginal gingiva around the central incisors (11, 21, 31, 

41according to FDI notation) were not significantly different. Data from the three 
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different points were averaged for each tooth to yield one gingival blood flow value for 

each tooth. Marginal gingival blood flow values of homologous right and left teeth were 

compared. No differences were observed between the mean GBF values of left and right 

central incisors. There was no significant difference in blood flow values between teeth 

in the same position on the same jaw (11 vs. 21: 328 ± 32 vs. 345 ± 21 N.S.; 31 vs. 41: 

385 ± 19 vs. 415 ± 34 N.S.). There was a significant gingival blood flow elevation at the 

lower incisors compared to upper incisors (p < 0.05). At teeth 11–16 (FDI notation) in 

the upper right quadrant, gingival blood flow values measured at the buccal point for 

each tooth, were not significantly different (11: 406 ± 26 BPU; 12: 462 ± 38 BPU; 13: 

509 ± 39 BPU; 14: 502 ± 36 BPU; 15: 522 ± 42 BPU; 16: 454 ± 32 BPU). 

 

Factors that influence the blood flow of rat gingiva and submandibular gland  

Effect of nitric oxide on circulatory changes of central papilla: The mean arterial blood 

pressure was significantly increased by L-NAME (bsl vs. after 15 min L-NAME 

administration; MBP: 116 ± 3 vs. 153 ± 7 mmHg, p < 0.001), but heart rate was 

decreased significantly (HR: 426 ± 13 vs. 343 ± 10 1/min, p < 0.001). Gingival blood 

flow was significantly decreased by L-NAME administration (GBF: 533±70 vs. 334±50 

BPU, p < 0.001). Accordingly, vessel resistance (calculated from the mean arterial 

pressure and gingival blood flow) substantially increased (GVR: 0.25±0.03 vs. 

0.55±0.07 mmHg/BPU, p < 0.001).  

Submandibular gland blood flow in different experimental conditions in rat 

Investigation of homogeneity of the circulation in the SMG: The blood flow (in BPU) of 

different areas of right SMG were: 1: 292 ± 17; 2: 328 ± 19; 3: 303 ± 19; 4: 261 ± 17; 5: 

294 ± 23. The blood flow (in BPU) of different areas of left SMG were: 1: 292 ± 14; 2: 

309 ± 17; 3: 309 ± 14; 4: 286 ± 22; 5: 281 ± 22. The several regions had any effect on 

the LDF signals. Blood pressure was not significantly altered during the measurements, 

mean value was 110 ± 6 mmHg. 

Acute effect of NO synthase blockade on rat SMG blood flow: Investigated parameters 

were not significant different in control groups (baseline vs. 20 min; mean arterial blood 

pressure: 126 ± 6 vs. 121 ± 6 mmHg, N.S.; heart rate: 429 ± 13 vs. 427 ± 14 1/min, 

N.S.; blood flow of SMG: 316 ± 22 vs. 323 ± 27 BPU, N.S.). On the contrary, during 

the investigated period NOS inhibition by intravenously administered L-NAME had 
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significant effects on several parameters investigated. Mean arterial blood pressure was 

increased (baseline vs. L-NAME: 134 ± 2 vs. 154 ± 4 mmHg, p < 0.001). Heart rate was 

decreased (baseline vs. L-NAME after 20 min: 417 ± 8 vs. 362 ± 13 1/min, p < 0.001). 

Submandibular gland blood flow also decreased (baseline vs. L-NAME after 20 min: 

279 ± 14 vs. 253 ± 15 BPU, p < 0.01).  

Rat submandibular blood flow alterations in response to occlusion of one or both 

common carotid arteries: After unilateral carotid occlusion the systemic blood pressure 

was moderately, although consistently, elevated (baseline: 101 ± 5 mmHg vs. occlusion: 

104 ± 5 mmHg; p < 0.05), and returned to baseline after the release of the occlusion 

(baseline: 101 ± 5 mmHg vs. release of occlusion: 100 ± 5 mmHg; N.S.). The glandular 

blood flow on the occluded side decreased immediately at the beginning of the 

occlusion (baseline: 308 ± 14 BPU vs. minimal value: 198 ± 12 BPU; p < 0.001). About 

20 s later, an increase was observed, which seemed to be constant, but was still 

significantly lower than baseline (baseline: 308 ± 14 BPU vs. stable period in occlusion: 

260 ± 10 BPU; p < 0.001). After cessation of occlusion, a reactive glandular hyperaemia 

occured (baseline: 308 ± 14 BPU vs. peak value: 474 ± 20 BPU; p < 0.001). The 

maximum value in this phase was significantly higher than baseline. Some minutes 

later, the glandular blood flow returned to baseline (baseline: 308 ± 14 BPU vs. after the 

release of occlusion: 305 ± 13 BPU; N.S.). There was no change in contralateral 

glandular blood perfusion.  

After bilateral occlusion of the common carotids, the systemic blood pressure increased 

significantly (baseline: 102 ± 5 mmHg vs. occlusion: 111 ± 5 mmHg; p < 0.05). In the 

post-occlusion phase, the blood pressure of control rats fell below baseline and 

remained unchanged during the entire observation period (baseline: 102 ± 5 mmHg vs. 

release of occlusion: 86 ± 7 mmHg; p < 0.01). As glandular blood flows on the two 

sides were roughly identical, they were pooled for statistical analysis.  

After bilateral carotid occlusion the SMG blood flow decreased immediately (baseline: 

290 ± 12 BPU vs. minimal value: 171 ± 8 BPU; p < 0.001). About 20 sec later it was 

slightly elevated, but was still significantly lower than baseline (baseline: 290 ± 12 BPU 

vs. stable period in occlusion: 233 ± 11 BPU; p < 0.001).  After cessation of occlusion, 

the SMG blood flow immediately rose, reactive hyperaemia was detected 5-10 sec after  

cessation (baseline: 290 ± 12 BPU vs. peak value: 599 ± 33 BPU; p < 0.001).  About 2 
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minutes later, the SMG blood flow returned to baseline (baseline: 290 ± 12 BPU vs. 

release of occlusion: 279 ± 16 BPU; N.S.). 

Role of NO in submandibular gland blood flow in acute ischemia after occlusion of one 

or both carotid arteries:  In the L-NAME group the blood pressure in each period was 

higher than in the control group after unilateral occlusion (control vs. L-NAME group: 

baseline: 101 ± 5 vs. 123 ± 5 mmHg, p < 0.01; occlusion: 104 ± 5 vs. 128 ± 5 mmHg, p 

< 0.01; release of occlusion: 100 ± 5 vs. 121 ± 5 mmHg, p < 0.01) and under the 

bilateral occlusion also (control vs. L-NAME group: baseline: 102 ± 5 vs. 122 ± 6 

mmHg, p < 0.05; occlusion: 111 ± 5 vs. 138 ± 9 mmHg, p < 0.05; release of occlusion: 

86 ± 7 vs. 117 ± 6 mmHg, p < 0.01). In L-NAME treated group after unilateral 

occlusion of the common carotid, the systemic blood pressure increased (baseline: 123 

± 5 mmHg vs. occlusion: 128 ± 5 mmHg; p < 0.001), and returned to baseline and 

stabilized after the release of the occlusion (baseline: 123 ± 5 mmHg vs. release of 

occlusion: 121 ± 5 mmHg; N.S.). In L-NAME-treated animals compared to the control 

group, the SMG baseline blood flow significantly diminished (in unilateral carotis 

occlusion). During the occlusion on the occluded side the blood flow decreased 

immediately (baseline: 265 ± 15 BPU vs. minimal value: 185 ± 10 BPU; p < 0.001), and 

in the stable phase a slight increase was observed, but the baseline was not reached 

(baseline: 265 ± 15 BPU vs. stable phase of occlusion: 227 ± 11 BPU; p < 0.001).  After 

the cessation of occlusion the blood flow in the occluded side SMG increased, a reactive 

hyperaemia followed (baseline: 265 ± 15 BPU vs. peak value in hyperaemia: 373 ± 21 

BPU; p < 0.001), some minutes later, the glandular blood flow returned to baseline 

(baseline: 265 ± 15 BPU vs. returned value after the release of occlusion: 257 ± 14 

BPU; N.S.). On the contralateral side, no change was registered in blood supply during 

the entire time of the experiment.  

After bilateral carotid occlusion the systemic blood pressure increased (baseline: 122 ± 

6 mmHg vs. occlusion: 138 ± 9 mmHg; p < 0.001). After the cessation of occlusion the 

blood pressure returned to near-baseline value (baseline: 122 ± 6 mmHg vs. release of 

occlusion: 117 ± 6 mmHg; N.S.). As glandular blood flows on the right- and left-handed 

sides were about identical, they were pooled for statistical analysis.  

In the L-NAME group after the bilateral carotid occlusion the SMG blood flow 

decreased immediately at the beginning of the occlusion (baseline: 271 ± 12 BPU vs. 
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minimal value: 201 ± 12 BPU; p < 0.001). Some seconds later slightly elevated, but was 

still significantly lower than baseline (baseline: 271 ± 12 BPU vs. stable period in 

occlusion: 252 ± 13 BPU; p < 0.05).  Immediately after cessation of occlusion, the L-

NAME treated SMG blood flow rose, reactive hyperaemia was detected after the 

cessation (baseline: 271 ± 12 BPU vs. peak value: 542 ± 47 BPU; p < 0.001).  About 

some minutes later, the SMG blood flow returned to baseline (baseline: 271 ± 12 BPU 

vs. release of occlusion: 268 ± 11 BPU; N.S.). 

 

Protective effect of BPC157 

The blood flow of upper central papilla after BPC157 administration: First we 

investigated the acute effects of systemically applied BPC 157 on systemic circulatory 

parameters and local haemodynamic parameters in healthy rats. Animals received 10 

µg/kg BPC 157 intavenously. General (mean arterial blood pressure and heart rate) and 

local (gingival blood flow and gingival vascular resistance) haemodynamic parameters 

were recorded before and 15 minutes after treatment. BPC 157 had no significant effect 

on general haemodynamic parameters neither mean blood pressure (bsl vs. after 15 min 

treatment: 103±4 mmHg vs. 102±3 mmHg; N.S.), nor heart rate (bsl vs. after 15 min 

treatment: 385±11 min
-1

 vs. 407±13 min
-1

; N.S.). Gingival blood flow was before 

treatment 530±71 BPU and after 15 min BPC157 administration was 675±108 BPU 

(N.S.). Gingival vessel resistance baseline value was 0.22±0.03 mmHg/BPU and after 

15 min BPC157 treatment was 0.17±0.03 mmHg/BPU (N.S.). Similarly to systemic 

haemodynamic parameters, 10 μg / kg bw. BPC157 was given iv. bolus had no effect on 

local haemodynamic parameters in gingiva after 15 min administration. 

Effect of BPC157 treatment on changes of gingivomucosal permeability in experimental 

periodontitis: In ligature induced experimental periodontitis, the increase in vascular 

permeability in the gingival tissue proximal to the ligature is proportional to the extent 

of local inflammation. The increased vascular permeability can be detected by 

measuring the extravasation of Evans blue dye. From nine rats of each group (control 

groups – physiological saline administered, treated groups – 100 ng / kg bw. BPC157 

and 10 µg / kg bw. BPC157 treated), gingivomucosal tissue samples were collected 

from both the ligature and the non-ligature contralateral sides and vascular permeability 

was measured by the Evans blue dye method. We compared the vascular permeability 
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on the non-ligature side and on the ligature side in each of the three groups. There was 

no significant difference among the three groups in vascular permeability on the non-

ligature (contralateral) sides. In the saline treated group, vascular permeability increased 

in response to ligature compared to the contralateral side (contralateral side vs. ligature 

side: 10.8±1.4 vs. 29.8±2.5 μg Evans blue/g tissue, p<0.05). Vascular permeability also 

increased in response to ligature in the low-dose (100 ng / kg bw.) BPC157 group 

(contralateral side vs. ligature side: 10.9±1.4 vs. 24.9±5.5 μg Evans blue/g tissue, 

p<0.05). However, in the high-dose (10 µg / kg bw.) BPC157 group gingival capillary 

permeability did not significantly increase in response to ligature (contralateral side vs. 

ligature side: 8.3±0.6 vs. 12.6±0.8 μg Evans blue/g tissue, N.S.).  

Histology: There was no difference in tissue morphology and cell types present in the 

gingiva on the non-ligature side between the saline treated and the high-dose (10 µg / kg 

bw.) BPC157 treated rats. Samples show the histological characteristics of normal 

gingivomucosal sections. On the other hand, samples obtained from the ligature sides 

show the histological appearance of inflammation. Ligature side of the saline-treated 

group showed more vascular proliferation and signs of oedema than the ligature side did 

from the BPC 157-administered group. In addition, there were more cellular elements at 

the saline group ligature side than there were at the BPC 157 group ligature side. 

 

MicroCT results in the investigation of the anti-inflammatory role of BPC157  

Determination of alveolar bone loss: Alveolar bone loss was studied using a microCT 

scanner. Mandibles used for microCT studies were from rats used for histological 

analysis and for the Evans blue extravasation technique. Soft tissue was completely 

removed from mandibles prior to measurements. Samples were from 12 control and 12 

BPC157-treated rats. As a long-term consequence of ligature-induced periodontitis, 

there was not only gingival tissue inflammation but also a considerable bone loss in the 

periodontium. The distance between the cemento-enamel junction and the alveolar crest 

increased on the ligatured side compared to the contralateral side both in control and in 

10 µg / kg bw. BPC157 treated rats. This clearly indicates an increase in bone loss in 

response to ligature. However, comparing the ligatured samples, BPC 157 significantly 

decreased bone loss at the four locations tested. The distance between the cemento-

enamel junction (CEJ) and the alveolar crest in control vs. BPC 157-treated animals was 
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1.42±0.05 vs. 1.19±0.04, respectively at the buccal side (p<0.01), 1.55±0.03 vs. 

1.46±0.03, respectively at the mesial side (p<0.05), 1.48±0.03 vs. 1.34±0.05, 

respectively at the mesiolingual side (p<0.05), and 1.51±0.08 vs. 1.26±0.04, 

respectively at the lingual side (p<0.05). On the other hand, BPC 157 did not influence 

the distance between the cemento-enamel-junction and the crista alveolaris on the 

contralateral sides.  

Extent of alveolar destruction at the furcation area: Microcomputed tomography was 

used not only to detect alveolar bone destruction. We measured the distance between the 

furcation and the necrotized interradicular bone surface. Involvement of the furcation 

was recorded in each group. There is spongiosa in the interradicular bone at the 

furcation area. Lamina dura could not be detected in any of the groups. There was 

significant difference between the ligatured side of the saline-treated group and that of 

the BPC 157 treated group (0.62±0.07 vs. 0.42±0.03 mm, p<0.01). Contralateral sides 

were not significantly different between the two groups.  

Changes in micromorphology in the alveolar bone: We also studied the changes in 

alveolar bone caused by inflammation using a microCT device, analyzing the spongiosa 

between the roots of the first molars, at half of the root length. Measuring further away 

from the inflamed bone surface, we detected no difference in bone volume in alveolar 

bone spongiosa between the control and the BPC group or between the contralateral and 

the ligatured side within treatment groups.  

 

5. Conclusion 

 

1. We successfully used laser Doppler flowmetry to measure blood flow in humans. We 

have mapped the blood flow of marginal gingiva. There was no difference between 

points around the same tooth or between contralateral homologous teeth. Likewise, 

there was no difference in gingival blood flow between different teeth of the same 

quadrant. However, blood flow at teeth in the lower jaw was higher than in the upper 

jaw. LDF is thus suitable to study the dynamics of gingival blood flow and it can be 

used to determine changes in blood flow dynamics in clinical forms of gingivitis.  
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2. We have shown that laser Doppler flowmetry is a good method to follow changes in 

blood flow in animal experiments. We confirmed that the NOS inhibition caused a 

strong vasoconstriction in gingiva. We determined blood flow at different points on the 

ventral surface of the submandibular gland: since it is homogeneous, the probe can be 

placed anywhere on the ventral surface of the gland. Our results show that transient 

unilateral or bilateral occlusion of the common carotid artery is tolerated well by rats. 

Decreased nitric oxide synthesis attenuated the decrease in blood flow in response to 

unilateral or bilateral occlusion of the common carotid artery. Nitric oxide has an 

important role in determining the resting tone of vessel wall.  

 

3. BPC157, under normal conditions, did not change systemic or local gingival 

circulation parameters.  

 

4. Chronic application of BPC157 (for 13 days) has an anti-inflammatory effect in 

experimental periodontitis. BPC157 significantly reduced tissue extravasation.  

 

5. Micromorphological analysis of bone structure showed signs of inflammation along 

the entire circumference of the ligatured tooth. BPC157 protects alveolar bone tissue in 

periodontitis. Complex analysis of bone structure by microCT yields substantially more 

information than measuring bone destruction by microscopy at a single point on the 

lingual side, as it is most often reported. The data suggest that BPC157 could be used as 

an adjuvant in the treatment of periodontal disease.  
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