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The impact on large fibre function
and small fibre function in patients with
type 2 diabetes on benfotiamine therapy
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Diabetes mellitus (DM) is the leading cause of
neuropathyworldwide. Based on the data from several
studies sensorimotor polyneuropathy (diffuse and
symmetric neuropathy) will develop within 10 years of
the onset of DM in 40 % to 50 % of patients with type
1 and type 2 DM [1, 2]. Patients with DM have higher
occurrence rates of premature death, disability, and
coexisting conditions compared to healthy individuals.
Some of the most common and debilitating comp-
lications of diabetes is diabetic foot syndrome which is
associated with diabetic peripheral neuropathy (DPN).
DPN is closely related to changes in the brain structure,
especially areduction in peripheral grey matter volume,
which can lead to walking disabilities [3].

The quality of life of patients with DPN may suffer
which in turn leads to high costs of care [4]. Symptoms
in patients may vary according to the class of sensory
fibres which are involved. The most common early
signs are from small fibre involvement and include
sharp shooting pain and burning sensation. Pain may
be present in the presence of a normal clinical
examination and normal nerve conduction studies,
which are a measure of large fibre function [5]. The
involvement of large fibres may cause numbness,
tingling and loss of protective sensation. Diabetic
polyneuropathy develops as a result of chronic
hyperglycemia and prolonged hyperglycemic status
seems to be the most important factor [6]. Other
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potential mechanisms contributing to the development
of DPN include oxidative injury, activation of the polyol
pathway of glucose metabolism, deposition of
advanced glycosylation end products within the
nerves, and vascular insufficiency [6].

In patients with type 2 DM, target blood glucose
levels are associated with a reduced frequency of
neuropathy [7]. No other clearly efficacious disease-
modifying treatments are currently available. Multiple
treatments are available for the management of
neuropathic pain, and detailed evidence-based
guidelines on the treatment of painful diabetic
neuropathy have been published.

Objective — to study the correlation between the
stage of diabetic peripheral polyneuropathy in type 2
diabetic patients and the impact and efficacy of
transketolase activator agents as a novel drug for
treating.

MATERIALS AND METHODS

In this study, 190 patients with type 2 DM were
screened for DPN in the out-patient and in-patient
departments at the Ukrainian Research and Practical
Center for forEndocrine Surgery,Transplantation of
Endocrine Organs and Tissues. DPN was confirmed in
105 patients displaying both clinical manifestations of
neuropathy with a positive Diabetic Neuropathy
Symptom (DNS) score and increased vibration
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Table
Results of diabetic neuropathy score in patients with type 2 DM
1 2 4
o Group Group Group 3 — _Group
assessment criteria M({=6) [F(n=18) |M(n=14) |[F(n=37) M(n=1) |F(n=4) 5) "= F(n=20)
DNS 1—3 1—2 2—3 2—A4 4 4 1 1—2
DNS post therapy 1—2,5 1—1,5 2—3 2—4 4 3,5—4 1 1
VPT,V 20—25 17—25 26—35 26—34 39 38—41 6—11 6—9
VPT post therapy, V 19—22 16—21 24—31 24—28 39 38—40 6—11 6—9
% reduction in VPT,% |5—12 5,88—16 7,7—11,4 7,7—17,6 0 0—25 0 0

perception threshold (VPT) on a bio-tensiometer.All
the participants in the study had an average duration
of DM (7—12 years) and were assessed using the DNS
score, vibration perception threshold, 5.07—10 Gm
onofilament test for testing protective sensory loss of
the feet, complete blood count kidney profile tests,liver
function tests, thyroid function, glycosylated
hemoglobin(HbA1c) were measured in all the subjects.
The questionnaire used was the DNS score. The score is
based upon the regular occurrence of four different
symptoms of distal sensory polyneuropathy, including
tingling, burning, numbness and unsteadiness of gait.
The score has a range of 0—4, and a score of > 1 is
considered indicative of DPN. Vibration perception
threshold was graded as 0—15 volts normal, 16—25
volts as mild sensory loss, 26—35 as moderate sensory
loss and > 36 as severe sensory loss. The 10 g
monofilament test was conducted on the 10 sites i.e.
dorsal between base digit 1—2; ventral digit 1, 3, 5;
metatarsal heads 1, 3, 5; medial and lateral mid foot
and heel. A score of > 8 (8/10) sites was considered
normal, whereas a score of < 8 was considered positive
for protective sensory loss in the patient.

Based on the above stated criteria patients were
divided into 4 groups: 1 — with positive DNS score,
positive 10 g monofilament test score, VPT between
16—25 volts (n = 24 (22.8 %), 18 females and 6 males).
2 — with positive DNS score, positive 10 g monofilament
test score, VPT between 26—35 volts (n = 51 (48.5 %),
37 females and 14 males). 3 — with positive DNS score,
positive 10 g monofilament test score and VPT between
35—40 volts (n =5 (4.76 %), females 4 and male 1). 4 —
control group with positive DNS score, negative 10 g
monofilament test score and normal VPT value (n =25
(23 %); 20 females and 5 males). The first 3 groups
received benfothiamine 300 mg daily for 6 weeks, the
control group was benfothiamine naive. All the groups
continued to take their anti-diabetic medication.

After 6 weeks therapy all the four groups were
assessed again using the DNS score and VPT.The level
of reduction (%) in vibration perception threshold was
calculated with the mathematical formula: % VPT
reduction = (VPTO—VPT1)/VPTO x 100, where VPT 0 —
vibration perception threshold before benfothiamine
therapy, VPT 1 — vibration perception threshold after
6 weeks of benfothiamine administration. Patients with
complaints of neuropathic pain in the feet were not
given any gabapentinoid class of drugs during the
studyand had not been on such medication at least 4
weeks before therapy.

RESULTS AND DISCUSSION

The diabetic neuropathy score and vibration
perception threshold was assessed in 105 patients
(84 females and 21 males) with type 2 DM, before
commencement of benfotiamine 300 mg daily and
after 6 weeks of therapy.

The results are depicted in table

Results of DNS: differences between group 3 and
both group 1 and 2 were significant, but not between
group 1and 2. Patients in group 1 (n = 24), in females
(n =18) the DNS varied from 1—2, and in males (n = 6)
the DNS varied from 1—3. After the 6 week period the
DNS decreased in both the female and males i.e.
1—1.25 and 1—2.5 correspondingly. Patients in group
2 (n=51) in females (n = 37) the DNS varied from 2—4,
and in males (n = 14) the DNS varied from 2—3. After
the benfothiamine intake period the second group
showed decrease in the DNS score more considerably
in the female as compared to the males in the group,
females 1—3 and males 2—2.25. In group 3 (n=5) in
females (n = 4) the DNS was 4, and in male (n=1) the
DNS was 4. After the 6 week period there was a slight
inconclusive decrease in DNS in the female part with
the score varying 3—4, and in the male with no
changes in DNS.
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Results of the vibration perception threshold: again
as in the case of the DNS here too the difference
between group 3 and both group 1 and 2 were
significant, but group 1,2 exhibited a similar trendbut
with different values. Patients in group 1 (n=24), in
females (n = 18) the VPT varied from 17—25 volts, and
in males (n = 6) the VPT varied from 20—25 volts. After
the 6 week period the vibration perception threshold
decreased in both the female and males i.e. 16—21
volts and 19—22 volts correspondingly. Patients in
group 2 (n =51) in females (n = 37) the VPT varied from
26—34, and in males (n = 14) VPT varied from 26—35.

After the benfothiamine intake period the second
group showed decrease in VPT (7.7—17 %) in both the
male and female patients, as compared to the other
groups more significantly, in females VPT decreased and
varied from 24—28 volts, and in males varied from
24—31 volts. In group 3 (n = 5) in females (n = 4) VPT was
4, and in male (n = 1) VPT was 4. After the 6 week period
there was a slight inconclusive decrease in VPT in the
female category with VPT decreasing by 2 volts in
2 patients, and in the male with no changes in VPT at all.

As seen in table the average reduction in vibration
perception threshold reduced in group 1 with mild
sensory loss was by 5 to 16 %. In group 2 with moderate
sensory loss the reduction was slightly more significant
with value of 7.7—17.6 %.

In the final stage of ourstudy we shortlisted patients
from group 1 and group 2 and group 4, for studying the
correlation of benfothiamineintake, its effect on
changes in VPT and DNS in patients with mild and
moderate DNP and its effect on the expression of
genes of the solute carrier family.

Thiamine is absorbed from both small and large
intestines by utilizing thiamine transporters-1 and -2
(THTR-1 and THTR-2). These transporters belong to the
family of solute carriers (SLCs) Both these transporters
facilitate absorption of thiamine in micromolar to
nanomolar range from the intestinal lumen and follow
saturation kinetics principles. These transporters are
also expressed in other tissues such as pancreas,
kidney, and brain [8], which facilitates free thiamine
transport into the tissues [9—12]. The results of the
gene expression will be presented in the consequent
article.

CONCLUSION
The significance of benfothiamine in clinical practice
has been demonstrated in many clinical trials with
variable trial structures, patient groups and history of

diabetes. In our study we found that patients with mild
neuropathy and vibration perception threshold of
16-25 volts showed a reduction in VPT of up to 16 %,
andthe patients with moderate neuropathy and
reduced vibration perception thresholdof 26—35 volts
were the ones who benefitted the most from
benfothiamine therapy. After 6 weeks of therapy their
VPT showed significant reduction upto 17.6 %. As the
damaging effects of hyperglycaemia are seen in
peripheral nerves in the form of DPN. Glycolytic
intermediates can flow to the pentose phosphate
shunt with the activation of transketolase and the
extent of flow depends proportionally to the
concentration of substrate presented to transketolase.
Benfothiamine activates transketolase and thus helps
in the reduction of AGEs formation and associated
sugar induced metabolic stress.
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SUMMARY
The impact on large fibre function
and small fibre function in patients with
type 2 diabetes on benfotiamine therapy

K. Singh, T. Yuzvenko

Ukrainian Research and Practical Centre for Endocrine Surgery,
Transplantation of Endocrine Organs and Tissues, Health
Ministry of Ukraine, Kyiv

Diabetes mellitus (DM) is the leading cause of
neuropathy worldwide. Based on the data from several

studies, sensorimotor polyneuropathy (diffuse and
symmetric neuropathy) will develop within 10 years of
the onset of DM in 40 % to 50 % of patients with type
1 and type 2 DM. In patients with type 2 DM, target
blood glucose levels are associated with a reduced
incidence of neuropathy.

Objective — to study the correlation between the
stage of diabetic peripheral polyneuropathy in type 2
diabetic patients, and the effects and efficacy of
benfotiamine as transketolase activator.

Materials and methods. In this study, 190 patients
with type 2 DM were screened for DPN. DPN was
confirmed in 105 patients displaying both clinical
manifestations of neuropathy with a positive Diabetic
Neuropathy Symptom (DNS) score and increased
vibration perception threshold (VPT) on a
biotensiometer. Based on the above stated criteria
patients were divided into 4 groups: 1 — with positive
DNS score, positive 10 g monofilament test score, VPT
between 16—25 volts; 2 — with positive DNS score,
positive 10 g monofilament test score, VPT between
26—35 volts; 3 — with positive DNS score, positive 10
g monofilament test score and VPT between 35—40
volts; 4 — control group with positive DNS score,
negative 10 g monofilament test score and normal VPT
value (n = 25 (23 %); 20 females and 5 males). The first
3 groups received benfotiamine 300 mg daily for 6
weeks, the control group was benfothiamine naive. All
the groups continued their antidiabetic medication.

Results and discussion. The diabetic neuropathy
score and vibration perception threshold was assessed
in 105 patients (84 females and 21 males) with type 2
DM, before starting of benfotiamine 300 mg daily and
after 6 weeks of therapy. Results of DNS: differences
between group 3 and both group 1 and 2 were
significant, but not between group 1 and 2. Patients in
group 1 (n = 24), in females (n = 18) the DNS varied
from 1—2, and in males (n = 6) the DNS varied from
1—3. After the 6 weeks,DNS score decreased in both
females and males ie. 1—1.25 and 1—25
correspondingly.

Conclusions. The role of benfotiamine in clinical
practice has been demonstrated in many clinical trials
with variable trial design, patient groups and history of
diabetes. In our study we found that patients with mild
neuropathy and vibration perception threshold of
16—25 volts showed a reduction in VPT of up to 16 %,
and the patients with moderate neuropathy and
reduced vibration perception threshold of 26—35 volts
were the ones who benefitted the most from
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benfotiamine therapy. Benfotiamine activates
transketolase and thus helps in the reduction of AGEs
formation and associated sugar induced metabolic
stress.

Key words: microvascular complications, transke-
tolase, diabetic peripheral neuropathy, vibration
perception threshold.

PE3IOME
BnnuB Tepanii 6eHdoTiamiHOM Ha PpyHKL 0
HepPBOBUX BOJIOKOH BeJIMKOrO i Masoro giameTtpis
y XBOpMX Ha LyKpoBwui giiabet 2-ro Tuny

K. Cinex, T. FO. IO38eHKO

YKpaiHcbKkuli HayKo8o-npakmuyHuUl yeHmp eHOOKPUHHOT
Xipypeii, mpaHcnaaHmauii eHOOKPUHHUX 0Op2aHis i MKaHuH
MO3 YkpaiHu, Kuis

Llykposui giabet (L|[]) — ocHOBHa NpuymnHa Helnpo-
natii y BCboMy cBIiTi. Ha nigcTaBi faHuXx [eKinbkox
JocnigKeHb CeHCOMOTOpPHA noniHerponarTia (grudysHa
Ta CMMEeTPUYHa Henponartifa) PO3BUBAETHCA YNPOJOBX
10 pokis Big nouvatky L1 y 40—50 % nauienTis i3 L[
1-ro Ta 2-ro Tmnis. Y xsopux Ha L[] 2-ro Tmny gocAarHes-
HA LiNbOBOro PiBHA MIOKO3M KPOBi NOB’A3aHe 3i 3HU-
»KEHOI0 YacTOTOI0 Herponaril.

Meta po60Tu — BUBYMTU B3aEMO3B'A30K CTagii Aia-
6eTnYHOI NeprdepnyHoi NosiHenponaTii y XBOPUX Ha
U4 2-ro tuny, Bnaue Ta edeKTUBHICTb aKTMBaTOPIB
TPaHCKeTOMas3m AK HOBOTO NiKapCbKOro npenapary.

Martepianu Ta metogu. O6ctexxeHo 190 nauieHTiB i3
L 2-ro Tuny Ta giabeTtnuyHoto noniHenponarieto (AMH).
OMH 6yno nigTBepgxeHo y 105 nauieHTiB wnaxom
BUABMIEHHA KMiHIYHMX NPOABIB HerponarTil 3 NO3UTUB-
HUM NOKA3HMKOM LKanu fiabetrnyHoi HenponaTii (DNS)
Ta NiABULLEHNM NOPOrom CNPUNHATTA BibpaLii (VPT) Ha
6ioTeH3iomeTpi. Ha niactaBsi uux KputepiiB nauieHTiB
po3ginunn Ha 4 rpynu: 1-wy — 3 NO3UTUBHUMM Pe3yib-
TaTamu DNS, no3utnsHnmun pesynstatamm 10 r MOHO-
¢dinameHTHOro Tecty ta VPT mix 16—25 B; 2-ry —
3 No3nTUBHUMU pe3ynbTaTamy DNS, no3uTuBHUMYK
pe3synbtatamu 10 r MOHodinameHTHoro Tecty Ta VPT
MK 26—35 B; 3-Tio — 3 NO3UTUBHMMN pe3ysbTaTamu
DNS, no3nTtnBHuMuK pesynbratamu 10 r MOHodinameHT-
Horo TecTy Ta VPT mix 35—40 B; 4-Ty (KOHTPOMbHY) —
3 MO3MTUBHMMU pe3ynbTaTamu WKanu DNS, HeraTnBHU-
mMu pesynbtatamm 10 1 MOHOGINaMeHTHOro TecTy Ta
HOopManbHUM 3HayeHHAM VPT. Mepwi 3 rpynu oTprmy-
Banu 6eHdoTiaMiH No 300 Mr WOAHA NPOTArOM 6 TUX.
MNauieHT yCix rpyn NpoAoBXXyBanu NpUMMaTy aHTuia-
6eTnyYHi NpenapaTu.

Pe3ynbraTty Ta 06roBopeHHA. [i[NH ta nopir Bibpa-
LiHOro CNpurHATTA ouiHBanu y 105 nauieHTiB (84
XiHKM Ta 21 yonosik) i3 LI 2-ro Tuny go novatky npu-
nomy 6eHdpoTiamiHy 300 Mr WoAHA Ta NicnA 6 TUXK Tepa-
nii. Peaynbtatn DNS: BigMiHHOCTI MiX 3-to Ta 1-10 i 2-10
rpynamu 6ynu LOCTOBIPHMMUK, YOFO He crocTepiranu
MK 1-10 i 2-t0 rpynamn. 3 24 nadienTis 1-i rpynu
y 18 xiHok DNS ctaHoBMB Big 1—2, a y 6 YONOBIKiB —
Big 1 oo 3. Yepes 6 Tvxk DNS 3HM3MBCA AK y XKiHOK, Tak
i y yonosikis i ctaHoBuB 1—1,25 Ta 1—2,5 BignosigHo.

BucHOBKM. Y NauieHTIB i3 Nerko Henponariew Ta
noporom BibpauinHoro cnpuinHATTA 16—25 B VPT 6yB
3HMXKEHUI Jo 16 %, a HanbinbLwnin epeKT Bi BUKOPUC-
TaHHA 6eHdoTIaMiHy cnocTepiranyy naLieHTiB i3 nomip-
HOIO HEMPOMATIEI Ta 3HMXKEHNM MOPOrom CAPUNHATTA
BibpaLii (26—35 B). beHdoTiaMiH aKTUBYE TpPaHCKeTO-
nasy i 3aBAAKN LbOMYy AONOMAara€ 3MeHLWNTN BUparke-
HiCTb MeTaboniyHOro cTpecy.

KniouoBi cnoBa: MiKpoCyAVHHI YCKNafHEHHS, TPaHC-
KeTosa3a, AiabetTnyHa nepudepuryHa Helrponaris, nopir
BiOpaLiiHOro CNPUNHATTA.

PE3IOME
BnusHune tepanun 6eHpoTMammHOM Ha ¢yHUMIO
HepBHbIX BOJIOKOH 60/1bLLIOro U Masoro AuameTpoB
y 60/1bHbIX CaxapHbiM Ania6eToM 2-ro TMNA

K. Cunex, T. O. O38eHKO

YKpauHckul Hay4Ho-npakmuyeckul yeHmp S3HOOKPUHHOU
Xupypauu, mpaHcnaHmMayuu SHOOKPUHHbLIX OP2aHO8
u mkaHet M3 YkpauHel, Kues

CaxapHbln gnabet (CIA) — OCHOBHaA npuYMHa
HemponaTum BO BCeM Mupe. Ha OCHOBaHWM AaHHbIX
HECKONbKUX NCCNefoBaHU CEHCOMOTOPHAA NOINHEN-
ponatua (anddysHaa u cMmmeTpuyHasa HeriponaTusa)
pa3BuBaeTca B TeyeHue 10 net c Hauana Cy 40—50 %
naumeHToB ¢ CJ] 1-ro n 2-ro Tunos. Y 6onbHbix ¢ CM1 2-ro
TUMa JOCTUXKEHME LIeNIeBOr0 YPOBHA TIOKO3bl KPOBU
CBA3AHO CO CHUKEHHOW YacTOTOM HelponaTuu.

Lienb pa6oTbl — 13yunTb B3anMOCBA3b CTaAUN Ana-
6eTnyeckonn nepudepuyeckon nonvuHenponaTum
y 60nbHbix C[] 2-ro Tvina ¢ BNMAHUEM 1 3P PEeKTUBHOCTbIO
AKTUBATOPOB TPAHCKETOMA3bl KaK HOBOIO NIeKapCTBEH-
HOro npenapara.

Matepuanbi n metogbl. O6cnegoaHbl 190 naumeH-
ToB ¢ C/] 2-ro T!na 1 AruabeTnyeckom NofnHenponaTmein
(OrH). OMNH 6bina noateep)kpeHa y 105 naumeHToB
nyTeM BbIABNEHUA KNUHNYECKNX NPOABNEHWIA HeMpomna-
TUWN C MOJIOXKNUTENbHBIM MOKa3aTeNieM LWKasbl AnabeTun-
yeckon Hemponatum (DNS) 1M NOBbILWEHHBIM MOPOrom

Clinical Endocrinology and Endocrine Surgery / KniHiuHa eHIOKprHONOrifA Ta eHAOKPUHHA Xipypria 1 (69) 2020 47



ORIGINAL RESEARCH / OPUTTHAJIbHI AOCTIAKEHHA

BocnpuATua Bubpaummn (VPT) Ha 6uoteH3nomeTpe. Ha
OCHOBAHWW 3TUX KPUTEPUEB MALMEHTOB pas3fdenmin Ha
4rpynnbl: 1-10 — C NOMOXUTENIbHBbIMU pPe3ynbTaTamu
DNS, nonoxutenbHbiMy pesynbratamu 10 r MoHodumna-
MeHTHoro Tecta n VPT mexgy 16—25 B; 2-to — c nono-
XutenbHbiMn pesynbtatamu DNS, nonoxutenbHbiMn
pesynbtatammn 10 r moHodunameHTHoro Tecta un VPT
mexxay 26—35 B; 3-10 — C NonoKuTenbHbIMY pe3ysibTa-
Tamu DNS, nonoxutenbHboiMy pesynstatamu 10 r MOHO-
dunameHTHOro Tecta u VPT mexgy 35—40 B; 4-10 (KoH-
TPOJIbHYI0) — C NOIOXKUTENTbHBIMY pe3yfibTaTamMy LKasibl
DNS, otpuuatenbHbiMu pesynbtatamu 10 1 MoHodumna-
MEHTHOrO TecTa 1 HopmasibHbIM 3HauYeHuem VPT. [epBble
3 rpynnbl nony4yanu 6eHpoTriammH no 300 Mr exkegHeB-
HO B TeueHue 6 Hef. [MaumeHTbl Bcex rpynn npogosiKanm
NprYHMMaTb NPOTUBOAMabeTMYeCcK e NpenaparTbl.
Pesynbratbl n 06¢cyxpenue. [INH n nopor Bnbpa-
LMOHHOro BOCNPUATMA oueHmBann y 105 naumeHToB
(84 »keHwWmHbl 1 21 my>kumHa) ¢ C[} 2-ro Tna fo Hayana

Jlama Haoxo0xeHHA 00 pedakuii 21.02.2020 p.

npuema 6eHpoTmammHa B go3e 300 Mr exefHEBHO U
nocne 6 Hep Tepanuun. Pesynbtatbl DNS: pasnuuua
mexay 3-i 1 1-i1 1 2-1 rpynnamm 6b11m 4OCTOBEPHbIMM,
yero He Habnpanocb mexay 1-i n 2-i rpynnamu. /3
24 nayueHTtoB 1-1 rpynnbl y 18 eHwmH DNS cocTtas-
nan ot 1—2, ay 6 myxunH — ot 1 go 3. Yepes 6 Hef
DNS cHU3UuNCA KaK y XeHLWMH, TaK U 'y MY>KUMH 1 COCTa-
Bun 1—1,25 n 1—2,5 cooTBeTCTBEHHO.

BbiBoAbl. Y nauyneHToOB C Nerkon Henponatnen u
noporom BrMbpaunoHHoro socnpusTtna 16—25 B VPT
Obln cHUXeH o 16 %, a Hambonbwuin 3ddeKkT oT
ncnonb3oBaHuA 6eHPoTMaMMHa OTMeYEeH Y NaLeHToB
C YyMepeHHOM HenpornaTuen 1 NOHMKEHHbIM MOPOromM
BocnpuaTua Bubpauumn (26—35 B). beHdoTramuH
aKTMBUPYET TPaHCKeTonasy 1 6narogaps 3ToMy yMeHb-
LIAeT BblpaXXeHHOCTb MeTabonnyeckoro cTpecca.

KnioueBble cnoBa: MUKPOCOCYAMCTbIE OCNOXHe-
HWA, TPAaHCKeTONa3a, AnabeTrnyeckan nepudepryeckan
HelnponaTns, Nopor BUOPALMIOHHOIO BOCIPUATMA.
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