r g6 5 |
~ e |

‘ & e & i
o e e f

S e B

i £ %,

& f

ead e [ |

= & |

LYMPHATICS » LYMPH » LYMPHOCYTES » LYMPH NODES

PROGRESS IN
LYMPHOLOGY
XXIV

Proceedings of the
24" International Congress

of Lymphology
Rome, Italy |
September 16-20, 2013

Editor: Sandro Michelini

LYMPHOLOGY 47 (Suppl): 1-320, 2014 ISSN 00247766



* SPECTROPHOTOMETRIC DETERMINATION OF DYE ACCUMULATION IN THE LYMPH
NODES OF MICE: A COMPARATIVE STUDY BETWEEN LOCAL MASSAGE AND EXPOSURE
TO MULTIDIRECTIONAL VIBRATIONS IN THE HORIZONTAL POSITION (ANDULLATION)
Pastouret F., Cardozo L., Ruault J.-P., Zizi M., Lamote J., Lievens P. . . . . . .o coiiiiieaiiioans 61

« INDUROMETER VS TONOMETER: WHICH IS BEST; DO INDUROMETER READINGS
CORRELATE WITH THE ISL STAGING OF LYMPH(EDEMA
Vanderstelt S., Pallotta O.J., McEwen M., Ullah S., Burrow L., Piller N. .. .........c.cciivuuunn. 68

Tuesday, 17t September 2013
Session 4 - LYMPHATIC MALFORMATIONS

* LYMPHATIC MALFORMATIONS: TRUNCULAR AND EXTRA-TRUNCULAR
MALFORMATIONS
BB By B OD I e o s s e s s Tt S ket al s e A R TSR e T 79

Session 5 - IMAGING IN LYMPHATIC DISEASES

*« LYMPHOSCINTIGRAPHY IN PRIMARY AND SECONDARY LYMPH(EDEMA:
A TOOL FOR DIAGNOSIS, PROGNOSIS AND MONITORING
Mango L., Cardone M., Semprebene A., Ventroni G., Cappellino F., Fiorentino A., Michelini §. . . . .. 87

Session 6 - CLINICAL ASPECTS (Aula Magna)
Physical treatment 1 (Sala Scolastica)

« THE USE OF CONTROLLED COMPRESSION THERAPY TO REPAIR A RELAPSE OF ARM
LYMPHEDEMA CAUSED BY SEPTIC ARTHRITIS — A CASE REPORT
Karin Ohlin, Barbro: Svensson, Hakan BroTaoh e oo e sutt o sateimialie s e s aintar 3o ama e v s 93

Surgery 1 (Sala Scolastica)

* Ly M.PH.A. ORIGINAL TECHNIQUE IN THE PREVENTION OF SECONDARY LYMPHEDEMA:
FROM THE IDEA TO 5 YEARS CLINICAL APPLICATION
Boccardo F., Campisi C.C., Molingri L., Spinaci §., Dessaltvi 8., Campisi C. i ... oo oiivic e sn wnnwn 99

Poster Discussion 2 (Sala Timoteo)

+ IMPLEMENTING A MULTI-LAYERED ARCHITECTURE FOR SOURCE-AGNOSTIC
LYMPHEDEMA DATA STORAGE AND ANALYSIS
Chi-Ren Shyu, Michael Rowden, Blake Anderson, Victoria Wingbermuehle, Bob R. Stewart,
35N R S S e i e e el SRR N e nat 1 p Rl L e D PR o0 A et it B 107

Wednesday, 18t September 2013
Session 7 - PERIPHERAL CEDEMA IN HEART FAILURE (Aula Magna)

» AREVIEW OF INTERACTIONS BETWEEN THE LYMPHATICS AND THE HEART
B Pl T e e 8 i e D RS L IR vy PR e RO e g T ST 113

Session 8 - FAT AND LYMPHATIC SYSTEM (Aula Magna)

» LIPOSUCTION OF POSTMASTECTOMY ARM LYMPHEDEMA DECREASES THE INCIDENCE
OF ERYSIPELAS
David Lee, Neil Piller, Mattias Hoffner, Jonas Manjer, Hikan Brorson . ....................... 123

XII



SPECTROPHOTOMETRIC DETERMINATION OF DYE ACCUMULATION IN
THE LYMPH NODES OF MICE: A COMPARATIVE STUDY BETWEEN LOCAL
MASSAGE AND EXPOSURE TO MULTIDIRECTIONAL VIBRATIONS IN THE
HORIZONTAL POSITION (ANDULLATION)

Pastouret F. 12, Cardozo L. !, Ruault J.-P.3, Zizi M. 3, Lamote J. 4, Lievens P. 12

I Department of Rehabilitation Research, Vrije Universiteit Brussel, Belgium

2 Buropean Association for Andullation Therapy, Brussels, Belgium

3 Faculty of Medicine and Pharmacy Department: FYSP, Vrije Universiteit Brussel, Belgium
4 Department of Oncology and Thoracic Surgery, UZ Brussel, Belgium

ABSTRACT

Background
Whole body vibrations (WBV) are frequently applied by sportsmen, in well-being centres,
and for medical conditions. The physiological effects of these vibrations have been studied
extensively.

Objective

Analysing the short term effects of multidirectional vibrations delivered in a horizontal
position (andullation) and local massage on the accumulation of dye in the lymph nodes of
mice.

Methods

Whole body vibrations at 30 Hz in a horizontal position (andullation) during 5 minutes as
well as local massage for 5 minutes are applied ensuing injections of 20 pl Evans blue dye
(EBD) in the foot-pads of 2 randomized groups of mice (total N = 15 animals). Both groups
are compared to a non-treated, randomized, but similarly injected control group (N = 10
mice). Following animal euthanasia, the EBD-stained popliteal and sacral lymph nodes are
carefully resected and their contained blue dye extracted. The quantity of EBD (ug) is
determined using a spectrophotometric technique with a wavelength of 620 nm.

Results

As a result of total body vibrations in the horizontal position the quantities of EBD in the
popliteal lymph nodes were statistically higher compared to the control group: respectively
0.56 + 0.26 and 0.14 + 0.17 (mean and sd, p?0.05). The quantities of EBD also differed
statistically from the recorded quantities following massage: respectively 0.56 + 0.26 and
0.22 +0.16, mean and sd, p?0.05). The quantifications of EBD in sacral lymph nodes
revealed strictly identical values.

Conclusion

The presented experiment in mice indicates that high quantities of EBD are accumulated in
the lymph nodes following a short whole body exposure to multidirectional vibrations (30



Hz) in the horizontal position. The quantity of accumulated dye is higher than when local
massage is performed at the dye-injection site without intervention.

The specific tracer accumulation in the lymph node is an important lymph function
parameter and depends on the quality of lymph reabsorption and lymph flow.
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INTRODUCTION

Whole body vibrations delivered in a vertical position are applied by sportsmen as well as
during well-being sessions. Significant physiological effects have been demonstrated on the
human body (Prisby e. a., 2008). Positive effects are recorded in the medical field and
particularly in elderly people being treated in geriatric rehabilitation services (Bautmans, e.
a., 2005; Eismans, 2001). In 2007, a new technique of whole body vibration was introduced
for medical applications. The innovative andullation technology combines infrared light
with stochastic vibrations. The two biophysical treatment applications are delivered to an
individual in the horizontal position on a massage mattress which is beneficial to the
bedridden patient. Massage by mechanically induced vibrations in the recumbent position is
of interest as a potential additional prevention or treatment in pathological conditions of
both blood-vascular and lymphatic circulatory systems. The aim of this study is to
investigate the effect on the lymphatic system of short exposure to multidirectional
vibrations generated by the andullation technology in the horizontal position.

MATERIALS AND METHODS

Animals

In this study the experiments were performed on N.M.R.I. (Naval Medical Research
Institute, Bethesda, Maryland, USA) female white mice, aged 6 to 8 weeks and weighing
28 to 30 grams. The investigations were approved by the local Animal Care Committee of
the Vrije Universiteit Brussel. A lymphatic vascular mice model is used. The experiment
concentrated on the popliteal and sacral lymph nodes in the posterior mouse paw and their
connecting lymphatic vessel (cf. Fig. 1).

Injection Site . o | Fig.1 - Popliteal lymph node,

: lymphatic vessel and sacral node
(coloured with Patente Blue)
in the mouse posterior paw.
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Animal distribution was randomized in three groups of mice: 5 mice in the massage group,
10 animals in the vibration group and 10 mice in the control group. All animals were
anaesthetized with urethane (2 mg/g i.p.). The hair on the posterior paws was shaved with
electric clippers.

Assessment of accumulation of dye in the lymph nodes

In order to obtain quantitative values of lymphatic function (reabsorption and lymph flow),
a spectrophotometric technique was chosen for analysis of the lymph node blueness. The
technique is based on Beer Lambert’s law describing a direct relationship between the
absorbance of a monochromatic light crossing a homogenous dye solution and the amount
of dye in this solution.

Harada and colleagues described a protocol to quantify Evans blue dye (EBD) extravasated
into the skin (1971). Greco and his team applied this method for assessment of EBD in
lymph nodes (2006). In both papers the quantitative analysis of EBD was performed at 620
nm. However, literature mentions other wavelengths for assessing the amount of dye.
According to the absorbance spectrum of EBD, the best absorbance is obtained for a
wavelength ranging from 600 to 630 nm. In a preliminary study, the authors evaluated

the standard absorbance curves of EBD concentration ranging from 0 to 2.5 pg/ml at 600
and 620 nm to specify the best wavelength and the needed mathematical relationship

(cf. graph. 1).

Graph 1 - Absorbance curves and
linear regressions of EBD
concentrations ranging from 0 to
2.5 «<g/ml for 2 various wavelengths
(600 and 620 nm).

[Absorbance = a factor x EBD
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The results indicate no quality difference between these two wavelengths. They both
present high but similar linear regressions in relation to small EBD concentrations. In this
study 620 nm was selected to perform the EBD spectrophotometric determinations.

Experimental protocol

The study protocol was performed by the first author in each of the three groups of mice.
Following anaesthesia and shaving, the animals were placed in an identical position on the
same platform able to vibrate. Respecting five minutes of rest, an EBD solution (25 mg/ml,
20 «d) was injected subcutaneously in the dorsal side of the foot-pad over a period of three
minutes. Bilateral injections were carried out in the massage group and the choice of the
first injected foot-pad was randomized. Unilateral injections were performed in both the
vibration and control groups where the injected foot-pad was randomized as well. Each
group underwent a specific treatment during five minutes. The mice in the control group
rested on the platform which was not induced to vibrate (cf. Fig. 2).

The animals in the vibration group underwent whole body vibrations at 30 Hz. The massage
group received bilateral massage at the injection sites (cf. Fig. 3). At the end of the
treatment animals were euthanized by cranial dislocation.



Fig. 2 - In the platform used during Fig. 3 - Bilateral massage at the injection site is

the experiments, a single motor performed with cotton buds by the same researcher
of the andullation technology is built in to respecting the same direction, speed and power.
generate vibrations.

The resections of the popliteal and sacral lymph nodes were realized in a randomized order
(right or left first dissected posterior paw) for animals receiving local massage (cf. Fig. 4).
EBD was extracted from the removed lymph nodes during 24 hours by immersing each of
these nodes in a 7:3 mixture of acetone and 0.5% aqueous sodium sulphate solution
(Harada, e. a., 1971). Spectrophotometric analysis of EBD was performed at 620 nm.

Fig. 4 - Popliteal lymph node resection realized after skin removal (left and middle images).
Lymph node immersed in a specific solvent before spectrophotometric lymph node dye determination
(right image).

RESULTS
Accumulation of EBD in the popliteal lymph node.

In popliteal lymph nodes, the accumulated amount of EBD is significantly higher in the
vibration group compared to the control group without intervention (respectively, 0.56 +
0.26 and 0.14 £ 0.17, p = 0.0005). There is no difference when local massage is compared
to no intervention (respectively, 0.22 +0.16 and 0.14 £ 0.17, p = 0.3008). A significant
EBD accumulation in the popliteal nodes is observed when vibrations are applied rather
than local massage (respectively, 0.56 + 0.26, and 0.22 + 0.16, p = 0.0028). Results are
presented in graph 2.

Accumulation of EBD in the sacral lymph node

Quantities (e<1) of EBD in sacral lymph nodes following vibration are higher than in the
control group (respectively, 0.26 + 0.09 and 0.01 £ 0.01, p<0.0001) and are also

64



statistically different from the massage group (respectively, 0.26 £ 0.09 and 0.07 + 0.06,
p<0.0001).

Unlike the EBD quantities found in the popliteal lymph nodes and compared to control
conditions, local massage increased the EBD amount in the sacral nodes (respectively, 0.07
+0.06 and 0.01 +0.01, p = 0.0029). Results are shown in graph 3.
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Graph 2 - EBD amount (e<g) accumulated Graph 3 - EBD amount (e<g) accumulated
in popliteal lymph nodes in sacral lymph nodes
(mean and standard deviation). (mean and standard deviation).
DISCUSSION

The presented experimental results indicate an important positive effect of multidirectional
vibrations on the lymphatic system in the horizontal position. A short time exposure to
whole body vibrations mechanically generated by the andullation technology improves
lymph reabsorption and lymph flow.

Two potential hypothetical explanations are presented. The improved accumulation of dye
in the lymph nodes could be explained from the mechanical effect of vibrations on mouse
skin. In the present study, mice were placed in the ventral decubitus position to obtain the
best contact between EBD injection site and the platform able to generate vibrations. The
positional conditions allow the whole body to vibrate and the local skin to undergo massage
at the injection site. Unno and colleagues injected Indocyanine Green Dye (ICG) and
demonstrated that massage improves tracer evacuation from the injected area into the
lymphatic system (2008). They also reported that massage increases the lymph flow in
comparison to no manual intervention. In our experiment, EBD behaves similarly to ICG.
When injected subcutaneously, EBD binds to endogenous proteins by a chemical
sulfonation reaction (Sopelas, e. a., 2002). Bound EBD-proteins as well as free EBD are
absorbed by the lymphatic vessels and transported along with the lymph flow. Sopelas
found that in plasma or lymph EBD is bound to endogenous proteins by 66% (2002). This
might explain why local massage on the injection site increases reabsorption and lymph
flow of EBD and accelerates EBD accumulation in the lymph nodes as well. A similar
mechanism explains the more impressive results quantified while vibrating the whole body.
A second hypothetical explanation relates to the kinetic behavior of EBD in lymph nodes.
When EBD is injected, 20% of the total EBD contained in the lymph node is bound to
proteins after short periods of time and found to be accumulated on cell surfaces of the
reticulum endoplasmic system (RES) (Green, e. a., 2006). These data indicate the



possibility that massage or vibration could improve the accumulation of EBD-proteins on
RES cell surfaces.

The authors favour the first explanatory hypothesis for their results. A specific lymphatic
mouse model with 2 lymph nodes was opted for to obtain the best indirect appreciation of
lymph flow. The large quantities of EBD present in the second lymph node reflect an
increase of this flow. The higher the reabsorption and lymph flow, the higher the quantity of
EBD in the lymph nodes. The spectrophotometric technique is rarely used in fundamental
lymphatic research. Nevertheless, spectrophotometry is a validated technique, simple to
apply, and often used as an assessment procedure in pharmacology and medicine.
Regarding ‘fundamental’research of the lymphatic system, the spectrophotometric
technique allows measuring quantitative EBD-values and detecting small amounts of dye in
nodes. However, it remains essential to resect the dye stained lymph nodes. The
spectrophotometric technique is an interesting and precise alternative procedure to other
dye blueness quantifying techniques such as blue colour intensity measured by digital
camera (Sutton, e. a., 2002). On the other hand and in clinical ‘in vivo’ research on humans,
dynamic information of lymph function is evaluated by lymphoscintigraphy without
resection of part of the lymphatic circulatory system.

CONCLUSION

The aim of this study was to analyse the effects of short time exposures to multidirectional
vibrations on the lymphatic system by spectrophotometry. Short time exposures to
vibrations generated by andullation technology improve reabsorption and lymphatic flow.
The results are encouraging and provide new data regarding the value of horizontal whole
body vibrations for the lymphatic circulatory system. The findings arouse the necessity to
consider vibrations as future potential biophysical options in the treatment of lymphatic
diseases.
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