Brain - Derived Neurotrophic Factor - a Marker for the Balneal
Treatment of Chronic Low Back Pain?
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Up till now, to our knowledge, there are no studies evaluating serum Brain - Derived Neurotrophic Factor
(BDNF) levels in patients with degenerative chronic low back pain under rehabilitation treatment. BDNF is
a neuroprotein associated with neuropathic pain and represents an important mediator of the effects of
physical exercise. Complex balneal treatment with hot Techirghiol sapropelic mud reduces pain and increases

serum levels of BDNF in these patients.
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The main cause of low back pain (LBP) worldwide is
lumbar disc herniation (LDH). LDH, a degenerative disease
which induces narrowing of the spinal canal, seems to be
associated with several single nucleotide polymorphisms
(SNPs). For example, seven SNPs were genotyped in a
Chinese study performed over 1072 patients [1] and a
relation was found between these SNPs and brain derived
neurotrophic factors (BDNFs) and their genes (BDNFOSs).

BDNF is part of the neurotrophin family of growth factors.
They are related to the canonical nerve growth factor,
playing an important role in the maturation and
differentiation of neurons. Low levels of BDNF are
associated with neurodegenerative disorders as
Parkinson’s disease, multiple sclerosis or Alzheimer
disease [2]. Data in medical literature related to BDNF level
and its involvement in LBP is controversial, some studies
revealing elevated levels of BDNF after pain-relieving
methods of physical therapy [3], some others: high levels
of plasma BDNF in old women with LBP compared to pain-
free controls [4].

Considering the growing burden of LBP worldwide, the
studies over how balneal treatment affects neurotrophic
factors involved in neural regeneration and protection after
spinal cord injury or peripheral nerve disorders can
represent the beginning of a new approach in rehabilitation
and non-pharmacological therapies [5, 6]. Under these
circumstances, we consider our study over the serum level
of BDNF in patients treated for LBP with sapropelic mud
from Techirghiol lake to be important and proving that
balneal treatment significantly modifies the serum level of
BDNF.

Experimental part

We present a prospective case-control cohort study,
which included 50 patients hospitalized for 2 weeks in the
Balneal and Rehabilitation Sanatorium of Techirghiol
(BRST). Patients signed an informed consent and the study
was approved by the ethical committee of the Sanatorium.
Patients with degenerative chronic LBP, with indications
for balneal treatment, both women and men, were included

in the study. Exclusion criteria were: any inflammatory
diseases, high blood pressure, cardiac failure, any
pulmonary, renal, endocrine, neurologic or oncologic
diseases, skin lesions, any antidepressant treatments.
Patients were divided into two groups: hot mud bath group
(HMBG) and a statistically matched control group (CG).
Patients in the first group benefited from hot mud baths
treatment and complex rehabilitation treatment such as
electrotherapy, kinetotherapy and massage therapy. The
control group had the same treatment, except for the hot
mud baths. Each patient was clinically tested before and
after treatment. Schober index, finger ground distance
(IDS) index (for evaluation of lumbar spine mobility) and
the visual analogue scale (VAS) for evaluation of pain were
monitored. For each patient blood samples were collected
in the beginning and in the end of treatment in order to
determine the BDNF serum levels For quantitative detection
of BDNF we used a sandwich high sensitivity Eliza Kit:
Human BDNF PicoKine form Booster Biologic Technology
(USA) and Eliza reader StatFax 4700 Microstrip Reader
Awareness Technology (USA) Blood prelevation was
performed in the same conditions for every patient and
laboratory testing was performed by the same doctor.
Patients completed a demographic questionnaire regarding
age, gender, residence, personal history of pain, body mass
index (BMI), frequency of treatment in BRST (twice a year,
asindicated, once a year, sporadically and for the first time).
Hot mud bath therapy involved diluting 10-15 kg of
sapropelic mud, from Techirghiol Lake, in awater tub. The
patient was immersed in the hot mud bath for 20 minutes,
at 38-39°C under supervision of a physiotherapist.

Statistical evaluation of obtained data was performed
using Wilcoxon test (level of significance: 0.05) for
dependent samples, the nonparametric Mann-Whithney
U test (level of significance: 0.05) for independent samples.
Chi-Square test (with p < o = 0.05 level of significance)
and Spearman’s rho were also used. Minimum, maximal,
median and Interquartile Range values were obtained and
compared.
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Results and discussions

Most of our patients were women, the median age, in
both groups, was 54 years old and the majority of the
patients included in the study were overweight and had
urban residence.

The demographic features of our groups are detailed in
Table 1.

We evaluated VAS scores at admission and discharge
for each patient and we discovered significant lower VAS
values at discharge than VAS values at admission. (Figure
1).
The Wilcoxon test confirmed statistically significant
differences of VAS median values before and after
treatment for CG (p<0.001) and for HMBG (p<0.0001),
(Table 2).

The result of Wilcoxon test for Schober test values in
HMBG patients confirmed statistically significant
differences between the median values at admission and
those at discharge p<0.001 (Table 3). Analyzing the finger

—ground indexfor both groups at admission and discharge,
we did not find any statistically significant differences (Table
3).
We evaluated BDNF serum levels for each patient at
admission and at discharge (Table 4).

According to the non-parametric Mann-Whithney U test
there were no significant differences between serum BDNF
values of the two groups at admission (p=0.123 > 0.05)
while at discharge the values significantly differed between
groups (p<0.001) (Figure 3). In the same time the
Wilcoxon test confirmed that within each group the values
of serum BDNF at discharge were significantly different
from the ones at admission (p< 0.001) (Figure 3).

According to Box-Plot representation (Figure 3) the
BDNF values in control group were higher at admission
than at discharge, while in HMBG the BDNF values were
higher at discharge than at admission. We did not find any
correlation between BDNF serum values and regular (once
or twice per year) or sporadic balneal treatment. We did
not discover any significant correlation of serum BDNF

Hot Mud Bath Group Control Group
Number 23 13
Age (years) 3MER14T 39-88) M=6EI3 {4187
Gender Biale 7 10
Female 18 15
BMI (Kg/m™) | I5.50-247% ] 15
152800 8 3
30-3409 3 2
R — : Table 1
=
Uvhan Resdence T T DEMOGRAPHISR';ES;;JRES OF BOTH
Frequency of | brannual 12% Ve
balneal ammual 48%% %
treatment: occasional I LR
First time I 36%%
VAS score at T08=1.63 738=1.99
admission
Quantified 476072 468090
Schober index
2t admizzion
EMI=body mass index, VAS=visual analogue scale
6 = wves | 2 ::::::.':::
VAS at admission Minlmum 200 500
Maximum 9,00 10.00 3
o~ o : Fig. 1. VAS scores
Parcentile 75 7.00 200 distribution for patients
e e T from the study groups and
a5 at discharge Minimum 2.00 2.00 Box-Plot representation of
e =i =it VAS scores at admission/
Percentile 25 3.00 300 discharge for each of the
el =2 oy N [% studied groups.
Standard Deviation 111 1.68 r T
Control group Hot Mud Bath Group
Group WVAS at admission [WAS at discharge
Spearman's tho | Control group | VAS at Comelation Coefficient| 1.000 ST
admission Siz. (2tailed) {003
N 25 25
VAS Carrelation Coefficient 571" .00 Table 2
discharse | Sig (2-tailed) i : SIGNIFICANCE OF VAS
H 55 95 VARIATIONS
HAMEG VAS at Comelation Coefficient| 1.000 EER
admission | Siz. (Y tailed) -000
N 25 25
WAS at Cormrelation Coefficient| 823% 1.000
discharge Sig. (2-tailed) 000 ;
N 25 25
. Correlation 13 sigmificant at the 0,01 Tevel (2-tailed).
REV.CHIM.(Bucharest) ¢ 704 No. 9 42019 http://www.revistadechimie.ro 3181



Table 3
SPEARMAN’S RHO. SIGNIFICANCE OF SCHOBER’S TEST AND FINGER-GROUND INDEX VARIATIONS

“Finger — “Finger —
Schober at  Schober at ground index™ ground index™
admission  discharge at admission  at discharge
Control Schoberat  Correlation “Finger —  Correlation
admission Coefficient ound Coefficient
Group 1.000 el qu» at 1.000 999
admission
Sig. (2-tailed) 000 Sig. (2-
) tailed) 000
N 25 15 N 25 25
Schober at Correlation “Finger — Correlation
discharge Coefficient ground  Coefficient ”
T M0 e at 999 1.000
discharge
Sig. (2-tailed) 000 Sig. (2-
) tailed) 000
N 25 15 N 25 25
Hot Mud Schober at Correlation “Finger — Correlation
Bath admission Coefficient . ground  Coefficient i
Group 1.000 526 index” at L.000 958
admission
Sig. (2-tailed) 007 Sig. (2-
tailed) 000
N 25 25 N 25 25
Schober at Correlation “Finger — Correlation
discharge Coefficient o ground  Coefficient ”
26 LD 1 index at 958 1.000
discharge
Sig. (2-tailed) 007 Sig. (2-
tailed) 000
N 25 15 N 25 25
*=%, Correlation is significant at the 0,01 level (2-tailed).
Group
Control Group HMBG
BNDF at BNDF at BDNF at
admission BDNF at admiszion | discharge
(pgml) | discharge (pg (pg'mL) (pg/ml)
Table 4
hfinimam 318.50 3930 346.00 1016.80 LEVELS OF SERUM BDNF IN CONTROL GROUP AND HOT
MUD BATH GROUP
hlaximum 1342.00 1698.00 164920 1998.00
AMedian 1476.00 49870 131140 1648.70
Percentile 23 620.00 27220 1051.00 1402.40
Percentile 73 1771.00 GE6.40 1304.00 1845.50
hean 135756 63444 1147 58 162997
Standard Deviatif 32813 30477 316.67 266.69

with gender or age, with the exception of CG where the
older the patient the lower the BDNF at discharge
(p<0.001) (Table 5).
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Chronic LBP represents a major health problem [7-9]
and diverse treatments in order to reduce pain and disability
are experimented [10]. BDNF, a neuroprotein associated
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with neuropathic pain and mediator of the effects of
physical exercise [11, 12], has been extensively studied in
recent years, especially regarding the influence of exercise
on chronic LBP [13]. The patients in our study had a
complex treatment (including hot mud baths) for chronic
LBP and we searched if serum levels of BDNF are
influenced by this kind of treatment.

Overweight and obesity are reported as risk factors for
chronic LBP [6, 9] and analyzing the features of our patients
we discovered that less than half of our patients had a
normal weight. Obesity itself was found to associate with
low levels of BDNF especially in patients with mutations
of the gene encoding its receptor - tyrosine kinase receptor
type 2 (Ntrk2) [14]. This situation was described especially
in children with obesity and psychomotor retardation, as in
Biddle-Bardet syndrome [14, 15]. But, despite our
expectations, we did not find any significant correlation
between BDNF and BMI. This comes in concordance with
a similar meta-analysis performed by Sandrini L and colab.
in 2018 [16]. We did not find any correlation between serum
levels of BDNF and the periodicity of balneal treatment,
either.

As women were the majority of our patients, we take
into account a future extension of our study, considering
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the relation between balneal treatment, the levels of serum
BDNF and gynecological pathology. A study from Wessels
J.M.etal. identified prominent BDNF and Ntrk2 isoforms in
the human uterine muscle and endometrium [17]. As
magnesium administration induces an increase in BDNF
level [17] but also inhibits uterine muscle contraction [18]
a possible relation can be found between the two
mechanisms involved in uterine relaxation, with possible
therapeutic consequences. Another possible future
question could be, in this context, if pain decrease could
be related also on uterine BDNF-calcium effect, superposed
on the known calcium actions on the myometrium [19,
20].

Endometriosis, a benign disease represented by
existence of endometrial tissue outside the uterine cavity,
is associated with important abdominal pain [21.],
sometimes mistaken for LBP. A recent study [22] found
that BDNF concentrations in serum and peritoneal fluid
were significantly high in women with endometriosis with
pain, suggesting that BDNF can play a role in pain’s origin.
Furthermore, women with endometriosis use
physiotherapy and kinesiology in order to reduce pain [23].

VAS evaluation for both groups revealed statistically
significant reduction of this parameter and this confirms
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that rehabilitation treatment reduces pain [24, 25]. The
possible explanation for the greater reduction of VAS score
in CG than in HMBG after treatment results from the
immediate short term pro-inflammatory effect induced by
balneal treatment with sapropelic mud, inflammation that
cease in several days from the balneal treatment. So, VAS
score is expected to diminish after several days, also.
Unfortunately, we did not have the possibility to reassess
VAS score in patients from HMBG after discharge.
Regarding Schober test we found statistically significant
differences only for the patients from the HMBG. This
demonstrates the improvement of flexibility of the lumbar
spine segment after balneal treatment with hot sapropelic
mud, as other studies have revealed [25].

We found that serum BDNF levels are significantly and
reversely correlated with patients’ age only in CG: the higher
the age the lower the BDNF. As our groups did not differ
significantly regarding age, perhaps this reduction is
induced by balneal treatment without sapropelic mud
administration. The result can be biased by the small
number of patients included in the study. Statistically
significant differences for serum levels of BDNF in both
groups, at discharge, were found. Our results revealed a
significant reduction in BDNF levels in CG and a statistically
significant augmentation of BDNF levels in the HMBG
patients. We do not have a clear explanation for the
reduction of BDNF levels in CG, we can just suppose that
the physical effort during kinetotherapy, even if aerobic,
was not strong enough to induce a rise in BDNF level. We
compared the results in our CG to other two studies in
medical literature. One revealed that only high-intensity
locomotor exercise increased the levels of serum BDNF
compared to moderate intensity physical exercise in
patients with incomplete spinal cord injuries who are not
carriers of Val66Met single-nucleotide polymorphism [26]
and in another one, in a meta-analysis over 29 studies
regarding the effect of exercise training on resting levels of
BDNF in peripheral blood, Dinoff A et al. found that aerobic
but not resistance training increased blood BDNF levels
[27]. In the meantime, the reduction in BDNF serum level
in our CG comes in opposition with the results of a study in
which aquatic physical therapy twice per week for 5 weeks
increased the level of BDNF [3]. In another study, [4] the
use of analgesic or antidepressant drugs induced a
significant reduction of serum BDNF in old women after
an acute episode of LBP. Extrapolating, we can consider
that balneal therapy, without sapropelic mud, may have
the same effect over serum BDNF levels. We did not find
any medical data to compare with the increased levels of
serum BDNF in our patients who received balneal treatment
with sapropelic mud.

Conclusions

In our study, balneal therapy with Techirghiol sapropelic
mud induced a significant elevation of serum BDNF levels,
associated with significant pain reduction according to VAS
score, and with a significant improvement in lumbar
mobility as Schober’s test revealed. As we far as we know,
up to this moment, there are no studies regarding BDNF
serum levels in patients with degenerative chronic LBP
under mud therapies, so we think that our study brings
significant information in this field and it can represent the
starting point for other similar studies over a bigger number
of patients.

References
1. ZHU, Y., JIA, H., LI, J., REN, S., HUANG, Z., LI, F, XING, W, LI, S.,
YANG, X., Sci. Rep.,24, nr 8(1),2018, p. 12782.

3184 http://www.revistadechimie.ro

2. BATHINA, S., DAS, U.N., Arch. Med Sci.,10, nr. 11(6), 2015, p. 1164.
3. GOMEZ MARTIN, D., DAVID WIENER, C., XAVIER DE FREITAS, C.,
COSTA, J.L., ROMBALDI, A.J., OSES, J.P, FACETS, 3, 2018, p. 12.

4. DIZ, J.B.M., DE SOUZA MOREIRA, B., FELICIO, D.C., TEIXEIRA,
L.F., DE JESUS-MORALEIDA, FR., DE QUEIROZ, B.Z., PEREIRA, D.S.,
PEREIRA, L.S.M., Arch.Gerontol. Geriatr.,71, 2017, p.75

5. IONESCU, E.V, TICA, I., OPREA, C., ILIESCU, D.M., ILIESCU, M.G.,
Adiponectin Correlation with Bioclinical Benefits of Using Natural
Therapeutic Factors in Knee Osteoarthritis. Acta Endocrinologica
Bucharest, 13, 2017, p.308.

6. IONESCU, E.V,, OPREA, C., ALMASAN, E.R., STANCIU, L.E., ILIESCU,
M.G., Biological Variation under Balneal Treatment of Serum Level of
Leptin in Relation with Body Mass Index in Case of Patients Suffering
from Knee Osteoarthritis. J. Environ. Prot. Ecol., 18, 2017, p. 375.
7.BRADDOM, R.L, Medicin& Fizica i de Reabilitare, Ediia a 4-a, Editura
Elsevier (original), tipografia Regia Autonom& Monitorul Oficial
(traducerea in Ib romana), editori: CHAN, L., HARRAST, M.A.,
KOWALSKE, K.J., MATTHEWS, D.J., RAGNARSSON, K.T., STOLPR, K ,
Bucure'ti, 2015, p. 927.

8. HOY, D., MARCH, L., BROOKS, P, BLYTH, F., WOOLF, A., BAIN, C.,
WILLIAMS, G., SMITH, E., VOS, T., BARENDREGT, J., MURRAY, C.,
BURSTEIN, R., BUCHBINDER, R., Ann. Rheum. Dis., 73, 2014, p. 968.
9. *** GBD, 2016, Lancet, 16; nr. 390(10100), 2017, p. 1211.

10. ILIESCU, M.G., PROFIR, D., SURDU, O., MARIN, V., DEMIRGEAN, S.,
ALMASAN, R.E., STANCIU, L.E., OPREA, C., ILIESCU, D.M., IONESCU,
E.V. Statistical view through balneal activity in Techirghiol medical
area. J. Environ. Prot. Ecol., 19, 2018, p. 382.

11. YARROW, J.F, WHITE, L.J., MCCQY, S.C., BORST, S.E., Neurosci.
Lett., 479, 2010, p. 161.

12. MELO COELHO, F.G., GOBBI, S., ANDREATTO, C.A.A., CORAZZA,
D.l., PEDROSO, R.V,, SANTOS-GALDUROZ, R.F,, Arch. Gerontol.
Geriatr., 56, 2013,p. 10.

13. MONSEON, L., WOONGKOON, M., JAEHEE, K., Evid. Based
Complement. Alternat. Med., 2014, 203173.

14. MONTAGNE, L., Génétique de I'obésité de I'enfant. Médecine
humaine et pathologie. Université du Droit et de la Santé - Lille II,
2017.

15. TICA, 1., TICA, O.S., NICOARA, A.D., TICA, VI, TICA, A.A., Ovarian
teratomas in a patient with Bied| Bardet syndrome, a rare association.
Rom J Morphol Embryol., 57, 2016, p.1403

16. SANDRINI, L., DI MINNO, A., AMADIO, P, IERACI, A., TREMOLI, E.,
BARBIERI, S.S.,Int. J. Mol. Sci., 19, nr. 8, 2018, p. 2281.

17. WESSELS, J.M., WU, L., LEYLAND, N.A., WANG, H., WARREN, G.,
FosterPLoS One.; 9(4): 2014, e94036.

18. TICA V.., TICA A.A., CARLIG, V., BANICA O.S., Magnesium ion
inhibits spontaneous and induced contractions of isolated uterine
muscle. Gynecol Endocrinol.; 23(7): 2007, p.368

19. JEON, S. J,, BAK, H., SEO, J., HAN, S. M., LEE, S. H., HAN, S. H.,
SHIN, C. Y. Biomolecules & therapeutics, 20(1), 2012, p.27

20. TICA, VI, COJOCARU, V, TICA, O.S., BERCEANU, S., TICA, AA.,
Cyclic-ADP-ribose/Ca 2+ system in uterine smooth muscle cells.
Gineco.ro.;7(26) 2011, p.193

21 PENCIU, R.C., STERIU, L., IZVORANU, S., POSTOLACHE, I., TICA,
A.A., MOCANU, D., TICA, O.S., SARBU, V., DEACU, M., BALTATESCU,
G., TICA, I, PETCU, L., TICA, V.., CD10, CD34 and Ki67
Immunohistochemical Markers Expression in Endometriosis and
Adenomyosis, Rev Chim. (Bucharest), 70, no. 4, 2019, p.1323

22. DING, S., ZHU, T, TIAN, Y., XU, P, CHEN, Z., HUANG, X., ZHANG,
X., Reprod Sci. Jul; 25(7): 2018, p.1045.

23. SCHWARTZ, A.S.K., GROSS, E., GERAEDTS, K., RAUCHFUSS, M.,
WOLFLER, M.M., HABERLIN, F., VON ORELLI, S., EBERHARD, M.,
IMESCH, P, IMTHURN, B., LEENERS, B., Reprod Biomed Online.
Feb;38(2): 2019, p.260.

24.LUPU, A.A., IONESCU, E.V,, ILIESCU, M.G., ALMASAN, E.V,, OPREA,
C., ION, I, ILIESCU, D.M., Effect of Techirghiol specific climate factors
on the patients’ quality of life with degenerative lumbar pain. J.
Environ. Prot. Ecol., 19, 2018, p. 1857.

25. FORESTIER, R., EROL-FORESTIER, F.B., FRANCON, A., Joint Bone
Spine, 84, 2017, p. 9.

26. LEECH, K.A., HORNBY, T.G., J. Neurotrauma., 34, nr. 6, 2017, p.
1240.

27. DINOFF, A., HERRMANN, N., SWARDFAGER, W,, LIU, C.S.,
SHERMAN, C., CHAN, S., LANCTOT, K.L. PLoS One.,22, nr. 11(9),
2016, p. e0163037.

Manuscript received: 21. 07. 2019
REV.CHIM.(Bucharest) # 704 No. 9 42019



