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Introduction
Lyme disease (LD) is a systemic zoonosis preva-
lent worldwide.1,2 It is spread by ticks which 
transmit bacteria of the genus Borrelia while feed-
ing on animals and humans.3,4 The number of 
reported LD cases has systematically grown over 
the past 20 years with the latest estimates reaching 
300,000 cases annually in the USA alone.5 Its 
causative pathogen, Borrelia burgdorferi sensu lato, 

is prevalent on the east and west coasts of the 
USA as well as in the central and eastern parts of 
Europe. LD affects people of all ages and both 
genders, although the highest rates have been 
documented in children aged 10–14 years and in 
adults over 45 years old.5–7 The clinical manifes-
tations of LD vary, however common symptoms 
have been identified. The early signs of LD 
account for a skin lesion called erythema migrans 
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(EM) and/or flu-like symptoms, whereas the sys-
temic symptoms include arthritis, neurologic 
problems, and cardiac abnormalities which can 
appear approximately 4–6 weeks after a tick’s 
bite. Persistent fatigue and aches/pain may 
develop in about 20% of those individuals who 
followed the recommended antibiotic treatment 
and can last beyond 6 months. This phenomenon 
has been described as PTLDS (post-treatment 
Lyme disease syndrome).5,8–10

Several US Food and Drug Administration 
(FDA)-approved antibiotics are used as primary 
therapeutics in patients with LD. The first choice 
for early stages of LD is usually a 2–4-week admin-
istration of doxycycline for adults and amoxicillin 
for children. For late-stage LD, ceftriaxone or 
cefotaxime are recommended for about the same 
treatment period. Although some clinical trials 
have brought contradictory results, it is generally 
agreed that prolonged antibiotic treatment is not 
recommended for patients with PTLDS.5,11,12

The efficacy of naturally occurring and biologically 
active substances as anti-borreliae agents is still not 
well explored, although the number of research 
investigations with such agents has been grow-
ing.13–16 Our previous in vitro study showed that a 
specific combination of polyphenols with fatty acids 
and iodine has significant bactericidal effect against 
two species of Borrelia that have been recognized as 
a pathogenic factor of LD in the USA and Europe. 
Moreover, this defined composition of phytochem-
icals worked synergistically and was shown to affect 
the membrane but not the DNA of the bacteria, 
demonstrating significant anti-oxidative and anti-
inflammatory properties at the same time.17

In this study, we report the efficacy of this specific 
composition of plant-derived compounds against 
Borrelia burgdorferi in an animal model of LD and 
volunteer patients with a late or persistent form of 
LD. We attempt here to provide a more compre-
hensive evaluation of this composition as a poten-
tial alternative or perhaps adjunct approach to 
LD, which needs to be further validated by large 
double-blind controlled clinical trials.

Materials and methods
Compounds such as baicalein, luteolin, rosmarinic 
acid, and cis-2-decenoic acid (10-HAD), with a 
purity between 90% and 95% according to the 
manufacturer, were obtained from Baoji GuoKang 

Bio-Technology Co. Ltd (Baoji City, China). 
Organic kelp with standardized iodine content (i.e. 
150 µg/ml as 100% of recommended daily allow-
ance, and 60 minerals, vitamins, protein, fats, car-
bohydras, and dietary fibers as approximately 25% 
of daily values) was purchased from Thorvin Inc. 
(New Castle, VA, USA), and monolaurin as a pure 
sn-1 monolaurin (glycerol monolaurate) was from 
Purem Biological (Xi’an, China). Additional purity 
analysis of compounds to potentially exclude the 
presence of antibiotics all of which were purchased 
from Cayman Chemical (Ann Arbor, MI, USA), 
such as doxycycline and amoxicillin and the anti-
inflammatory drug methotrexate used in LD treat-
ment1,9 was performed at the mass spectroscopy 
laboratory of Oregon State University and ana-
lyzed at the mass spectroscopy laboratory of 
Stanford University (Supplementary Figures 1Sa–
c and Figures 2Sa–d).

Test microorganisms
A clonal derivative of Borrelia burgdorferi B31 
strain, MSK5, containing all plasmids, was used 
in this study.18 It was cultured in commonly used 
conditions, that is, Barbour-Stoenner-Kelly H 
(BSK-H) medium supplemented with 6% rabbit 
serum (Sigma, St. Louis, MO, USA) without 
antibiotics at 33°C with 5% CO2, in sterile screw-
cap 15 ml polystyrene test tubes.

Test diet
Standard rodent diet was purchased from 
LabDiet Inc. (St. Louis, MO, USA). The test 
diet was prepared by LabDiet Inc. and was com-
posed of standard diet enriched with baicalein 
(650 mg/kg diet), luteolin (300 mg/kg diet),  
rosmarinic acid (500 mg/kg diet), monolaurin 
(500 mg/kg diet), 10-HAD (500 mg/kg diet), and 
iodine 1 mg/kg diet.

Animal study
A total of 32 C3H/HeN inbred female mice weigh-
ing approximately 20 g were obtained from Charles 
River Laboratories (Wilmington, MA, USA). The 
4-week-old mice were housed at the animal facility 
located at the Dr. Rath Research Institute at an 
ambient temperature of 21°C. Food and water 
were provided ad libitum during a light and dark 
cycle of 12 h. Experimental animal protocol No. 
01/B052014 was reviewed by and approved in 
2014 by the Animal Care and Use Committee  
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at the Dr. Rath Research Institute. Mice were ran-
domly divided into four experimental groups (eight 
animals per group): WT (not infected animals fed 
with the standard diet), LD (infected animals fed 
with the standard diet), WT + T (not infected ani-
mals fed with the test diet), and LD + T (infected 
animals fed with the test diet). Low passage of vir-
ulent Borrelia burgdorferi, grown at 33°C in a 
BSK-H medium until reaching a concentration of 
approximately 1 × 107 spirochetes/ml, were inocu-
lated intradermally (104 spirochetes/mouse) into 
animals from two experimental groups, LD and 
LD + T, as previously reported.19 Mice from 
groups WT and WT + T received mock injections 
of 1 × phosphate buffered saline (PBS). After 
3 weeks, mice from the WT + T and LD + T 
groups were transferred from the standard diet to 
the test diet and fed for a subsequent 4 weeks. The 
rest of the animals were kept on the standard diet. 
At the end of the study all animals were sacrificed 
and the tissue samples, including blood, were col-
lected for further testing. Control animals were 
mice fed with the standard diet and not infected 
(WT) as well as mice fed with the standard diet 
and infected with Borrelia burgdorferi (LD). Blood 
was aseptically obtained from all experimental 
mice by an intracardiac puncture using a 1-ml 
tuberculin syringe with a 27-G needle and sepa-
rated into two samples. One sample of the col-
lected blood was used for basic and differential 
hematology, and the second sample was used to 
prepare serum for biochemical analysis. Tissue 
samples from the ears, heart base, tibiotarsal joints, 
liver, kidneys, and spleen were collected, immedi-
ately snap-frozen in liquid nitrogen, and subjected 
to quantitative polymerase chain reaction (qPCR 
Bio-Rad, Hercules, CA, USA) analysis and/or 
immunohistochemistry. In addition, blood and tis-
sue cultures (from the ear, heart base, spleen, and 
joints) were processed and scored for spirochetal 
growth in BSK-H medium after 3–5 weeks as pre-
viously described.19

Quantitative analysis of Borrelia burgdorferi 
DNA
To confirm the presence of infection and quantify 
spirochete tissue burdens, all samples were ana-
lyzed by qPCR as previously reported.18,19 Briefly, 
whole genomic DNA was extracted from tissue 
samples (ears, heart base, spleen, and tibiotarsal 
joints) using DNeasy Blood and Tissue kit (Qiagen, 
Valencia, CA, USA) according to the manufac-
turer’s instructions. Before DNA extraction, all 

tissue samples were snap-frozen in liquid nitrogen, 
weighed, and homogenized using a QIA shredder 
kit (Qiagen). Optimized primer sets of Borrelia 
burgdorferi flagellin (flaB, bb0147) gene (F-5' 
TCTTTTCTCTGGTGAGGGAGCT; R-5' TCC 
TTCCTGTTGAACACCCTCT) and murine β-
actin (ACTB) (F-5' CAAGTCATCACTATTGG 
CAACGA; R-5' CCAAGAAGGAAGGCTGGAA 
AA) gene from published sequences were used.19 
All qPCR reagents were purchased from Qiagen. 
DNA templates [i.e. 1 × 105/µl B. burgdorferi equiv-
alents from American Type Culture Collection 
(ATCC) (Manassas, VA, USA) and mouse from 
Promega (Madison, WI, USA) served as known 
amounts of spirochetal and mouse genomic DNA], 
were included in each qPCR experiment, and used 
to compile the standard curves, and to determine 
the total number of spirochetes (flaB copy num-
ber) in collected mouse tissue samples. Also, a no-
template reaction control was included. QuantiTect 
SYBR Green PCR Kit (Qiagen) was utilized to 
determine the borrelial flaB target gene, expressed 
as per 1 mg of tissue weight. It contained 
QuantiTect SYBR Green PCR Buffer, pH = 8.7, 
as the source of 2.5 mM Mg2+, deoxynucleotides 
and HotStarTaq DNA polymerase, in addition to 
each primer used at a concentration of 0.3 μM in a 
50 μl qPCR mixture. The qPCR cycler conditions 
(BioRad CFX96) were programmed according to 
manufacturer’s recommendations and were as fol-
lows: an activation step at 95°C for 15 min, 40 
cycles of: denaturation at 94°C for 15 s, annealing 
at 59°C for 30 s, and extension at 72°C for 30 s. To 
verify the specificity and identity of the qPCR 
product, melting curve analyses were performed. 
Additional validation was conducted by subjecting 
the tissue samples to an independent qPCR analy-
sis performed by a certified laboratory (IDEXX 
BioResearch, Sacramento, CA, USA). Each sam-
ple was analyzed in triplicate.

Blood hematology
Blood samples obtained from all experimental 
mice were submitted to a certified analytical lab-
oratory (IDEXX BioResearch) where the basic 
(RBC, Red Blood Cells; WBC, White Blood 
Cells; HGB, Hemoglobin; HCT, Hematocrit; 
MCV, Mean Corpuscular Volume; MCH, Mean 
Corpuscular Hemoglobin; and MCHC, Mean 
Corpuscular Hemoglobin Concentration) and 
differential (neutrophils, monocytes, lympho-
cytes, and platelets counts/levels) hematologic 
analysis was performed and supported by 
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pathological evaluation. Each sample was ana-
lyzed in triplicate.

Biochemical analysis
Sera from all experimental animals were analyzed 
by a certified analytical laboratory (IDEXX 
BioResearch) for alkaline phosphatase (ALP), 
alanine aminotransferase (ALT), aspartate amino-
transferase (AST), gamma-glutamyl transferase 
(GGT), creatinine, cholesterol, glucose, blood 
urea nitrogen (BUN), bilirubin, haptoglobin, and 
kidney injury molecule-1 (KIM-1) levels. KIM-1, 
a 30 KDa, type 1 membrane protein, has been 
considered as a potential biomarker for renal 
injury since it is highly upregulated in the proxi-
mal tubule of the injured kidney, but exists in very 
low levels in normal uninjured kidneys.20 In addi-
tion, 50 µl serum from each mouse was subjected 
to pro-inflammatory cytokines and chemokines 
analysis using the Analyte Profiler ELISArray 
assay kit (SA Biosciences, Germantown, MD, 
USA) according to the manufacturer’s protocol. 
Each sample was analyzed in triplicate.

Immunohistochemistry
Samples from kidney, liver, and joints, collected at 
the end of the experiment, were fixed in 10% neu-
tral-buffered formalin for 24–48 h and subjected 
to immunohistochemistry evaluation performed 
by an independent certified laboratory (HistoTox 
Labs, Boulder, CO, USA). The 5 µm sections, 
placed on glass slides, were stained with hematox-
ylin and eosin, anti-F4/80 (macrophage marker), 
and anti-ACS3 (activated caspase-3, apoptotic 
marker) antibodies. Caspase-3 is activated by the 
upstream caspase-8 and caspase-9, serving as a 
convergence point for intrinsic and extrinsic apop-
totic signaling pathways. Thus activation of the 
caspase-3 pathway is a hallmark of apoptosis and 
can be used in cellular assays to quantify activators 
and inhibitors of the ‘death cascade’.21

F4/80, also known as EGF-like module-contain-
ing mucin-like hormone receptor-like 1 (Epidermal 
Growth Factor-like module-containing mucin-
like hormone receptor-like 1) is a member of the 
adhesion G-protein coupled receptor (GPCR) 
family. F4/80 antigen is a mature mouse cell sur-
face glycoprotein expressed at high levels on vari-
ous macrophages including: Kupffer cells, splenic 
red pulp macrophages, microglia, gut lamina pro-
pria, and Langerhans cells in the skin. F4/80 

antigen is also expressed on the macrophages of 
the connective tissue, heart, kidney, and repro-
ductive and neuroendocrine systems, thus it is a 
well-known and widely used marker of murine 
macrophage populations.22 Sections were crypti-
cally coded and an additional unbiased histo-
pathological examination was performed by an 
onsite board-certified pathologist.

Human observational study
Between 2014 and 2015, eligible adult patients 
(n = 17) were recruited through referrals from phy-
sicians in Germany where the study was conducted 
at the Private Praxisklinik H. Baltin, Bavaria, 
Germany. The study followed the protocol adher-
ing to the regulations of the 1975 Declaration of 
Helsinki and was approved by the institutional 
Ethics Committee (No. DRRI/2014) at the par-
ticipating center (Private Praxisklinik H. Baltin, 
Bavaria, Germany), and supported by written 
informed consent from each patient. Patients were 
classified as eligible for the study if they were at 
least 18 years old, with a history of acute LD 
acquired in Germany, and with at least one of  
the following: a history of single or multiple EM, 
neurologic symptoms attributed to LD, or Lyme 
arthritis. Additional medical documentation 
proving that the patients currently suffered from 
late or chronic LD (manifesting in the form of 
fatigue, musculoskeletal pain, arthritis, cardiac 
arrhythmia, neuropathies, cognitive dysfunction/
paralysis) and that they previously had undergone 
treatments with a recommended antibiotic regi-
men was mandatory.5,23 At the time of enrollment, 
all patients had the following symptoms that inter-
fered with their regular functioning and ability  
to work: widespread musculoskeletal pain and/or 
cognitive impairment with accompanying pro-
found fatigue. The chronic symptoms had to have 
begun within 6 months after the initial application 
of the recommended antibiotic regimen and had 
to have persisted beyond 6 months.23 Patients 
received the test composition in the form of cap-
sules containing baicalein 250 mg/day, luteolin 
75 mg/day, rosmarinic acid 100 mg/day, monolau-
rin 250 mg/day, 10-HAD 100 mg/day, and iodine 
0.15 mg/day (in the form of kelp), three times per 
day for 6 months. During the oral treatment phase, 
compliance and safety were monitored through 
monthly patient visits at the doctor’s clinic. Clinical 
and laboratory evaluations were performed on 
day 90 and day 180 and included a complete med-
ical history, a detailed physical examination, 
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neuropsychological testing, and sampling of 
peripheral blood, if deemed necessary.

Statistical analysis
All the data are presented as means ± standard 
deviation (SD) (n = 8 for the animal study, and 
n = 17 for the human study). Student’s two-tailed 
t test was used to determine statistically signifi-
cant differences set at 0.05 levels. Statistical anal-
ysis was performed using GraphPad software.

Results

Effect of the test composition in vivo
After completion of 4 weeks of treatment with the 
test diet, there were no significant variations in the 
weight as well as food and water consumption 
between all experimental groups (Table 1). 
Evaluation of blood revealed no alterations in 
hematology parameters between experimental 
groups, except that there was a significantly 
increased level of monocytes in the animals infected 
with Borrelia burgdorferi (LD) (Table 2). Also in the 

same animal group an increased level of neutro-
phils was noticed, but it did not reach statistical 
significance (p = 0.053). Pathologist analysis fur-
ther revealed no signs of hemolysis and lipemia, 
nor any anisocytosis or poikilocytosis. Also, the 
level of (meta/pro)-myelocytes was classified as 
‘undetectable’. Furthermore, biochemical analysis 
of sera from all experimental animals showed no 
changes in the levels of liver enzymes and basic 
clinical metabolic markers such as cholesterol, glu-
cose, bilirubin, BUN, and creatinine. The LD 
group displayed an increased level of ALP, how-
ever, it was not statistically significant (p = 0.055) 
(Table 3). In addition, haptoglobin and KIM-1 
levels showed no changes, and pathologist evalua-
tion reported no toxicity in the tissues (Figure 1).

Pro-inflammatory cytokines such as IL-6, IL-17, 
INT-γ, and TNF-α, were elevated in the LD 
group, however their levels were normalized in 
the LD + T group (Figure 2). None of the control 
groups (WT and WT + T) tested for Borrelia 
burgdorferi DNA showed detectable levels. In the 
LD group of mice, the borrelial DNA was 
detected in the ears, heart base, spleen, and joints 

Table 1. Summary of mice physiological parameters after 4 weeks of treatment.

Parameters WT
(n = 8)

LD
(n = 8)

WT + T
(n = 8)

LD + T
(n = 8)

RBC (× 106/mm3 ± SD) 8.11 ± 2.2 7.48 ± 2.6 8.56 ± 2.8 8.78 ± 2.5

WBC (× 103/mm3 ± SD) 6.3 ± 1.9 6.8 ± 2.3 6.1 ± 2.4 6.4 ± 2.2

HGB (g/L ± SD) 142 ± 23 146 ± 27 147 ± 35 134 ± 39

HTC (% ± SD) 41.4 ± 6.5 43.2 ± 5.6 41.8 ± 5.8 41.9 ± 7.6

MCV (fL ± SD) 49.3 ± 7.5 49.3 ± 5.9 46.0 ± 6.7 49.4 ± 6.9

MCH (pg ± SD) 14.8 ± 5.9 13.4 ± 7.1 14.9 ± 5.8 14.6 ± 5.6

MCHC (mmol/L ± SD) 18.9 ± 4.2 18.9 ± 4.2 20.6 ± 4.3 20.0 ± 4.7

Neutrophils (% ± SD) 25.8 ± 6.8 29.6 ± 7.5 24.4 ± 6.7 24.5 ± 7.9

Monocytes (% ± SD) 1.9 ± 0.6 4.1 ± 0.5* 1.6 ± 0.2 2.7 ± 0.3

Lymphocytes ( % ±SD) 66.3 ± 8.6 84.9 ± 7.5 74.7 ± 9.1 75.8 ± 8.2

Platelets Adequate Adequate Adequate Adequate

*p < 0.01; HGB, hemoglobin; HTC, hematocrit; LD, mice infected with Borrelia burgdorferi (intradermal injection with 104 
spirochetes/mouse); LD + T, mice infected with Borrelia burgdorferi (intradermal injection with 104 spirochetes/mouse) 
and fed with plant-based diet for 4 weeks; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin 
concentration; MCV, mean corpuscular volume, RBC, red blood cells; SD, standard deviation; WBC, white blood cells; WT; 
control mice; WT + T, control mice fed with plant-based diet for 4 weeks.
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Table 2. Basic and differential blood parameters of mice after 4 weeks of treatment.

Parameters WT
(n = 8)

LD
(n = 8)

WT + T
(n = 8)

LD + T
(n = 8)

Weight (g/mouse ± SD) 25.3 ± 3.1 24.3 ± 2.9 25.2 ± 3.1 25.1 ± 3.1

Food (g/mouse/day ± SD) 3.3 ± 0.6 3.2 ± 1.1 3.1 ± 1.0 3.4 ± 0.8

Water (ml/mouse/day ± SD) 2.4 ± 0.3 2.6 ± 0.7 2.8 ± 0.8 2.5 ± 0.4

LD, mice infected with Borrelia burgdorferi (intradermal injection with 104 spirochetes/mouse); LD + T, mice infected with 
Borrelia burgdorferi (intradermal injection with 104 spirochetes/mouse) and fed with plant-based diet for 4 weeks; SD, 
standard deviation; WT, control mice; WT + T, control mice fed with plant-based diet for 4 weeks.

Table 3. Biochemical parameters of mice sera after 4 weeks of treatment.

Parameters WT
(n = 8)

LD
(n = 8)

WT + T
(n = 8)

LD + T
(n = 8)

ALP (U/L ± SD) 83.1 ± 8.7 100.9 ± 7.6 89.1 ± 7.3 70.9 ± 7.9

ALT (U/L ± SD) 40.3 ± 5.5 35.7 ± 4.9 31.3 ± 5.9 36.9 ± 7.6

AST (U/L ± SD) 182.5 ± 10.2 257.8 ± 14.3 162.7 ± 11.5 141.9 ± 9.9

GGT (U/L) <3 <3 <3 <3

Total bilirubin (µmol/L) <3.4 <3.4 <3.4 <3.4

Cholesterol (mmol/L ± SD) 3.8 ± 0.3 3.8 ± 0.3 3.9 ± 0.3 3.3 ± 0.2

Glucose (mmol/L ± SD) 6.3 ± 0.6 6.5 ± 0.8 5.9 ± 0.7 5.8 ± 0.8

BUN (mmol/L ± SD) 8.6 ± 1.1 8.2 ± 0.8 7.9 ± 0.9 9.5 ± 1.1

Creatinine (µmol/L) <26.5 <26.5 <26.5 <26.5

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; 
GGT, gamma-glutamyl transferase; LD, mice infected with Borrelia burgdorferi (intradermal injection with 104 spirochetes/
mouse); LD + T, mice infected with Borrelia burgdorferi (intradermal injection with 104 spirochetes/mouse) and fed with 
plant-based diet for 4 weeks; SD, standard deviation; WT, control mice; WT + T, control mice fed with plant-based diet for 
4 weeks.

Figure 1. Levels of haptoglobin (a) and KIM-1 (b) in mice sera after completion of 4 weeks of treatment. n = 8.
KIM-1, kidney injury molecule-1; LD, mice infected with Borrelia burgdorferi (intradermal injection with 104 spirochetes/
mouse); LD + T, mice infected with Borrelia burgdorferi (intradermal injection with 104 spirochetes/mouse) and fed with 
plant-based diet for 4 weeks; WT, control mice; WT + T, control mice fed with plant-based diet for 4 weeks.
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of all mice. In the LD + T group borrelial DNA 
was found only in the joints of 2/8 animals (25%) 
and at a significantly decreased level compared 
with the LD group (Table 4 and Figure 3). Results 
were confirmed by an independent qPCR exami-
nation performed by a certified outside labora-
tory. Immunohistochemistry analysis supported 
by the pathological evaluation revealed no signs 
of apoptosis in the liver and kidneys of animals in 
any of the experimental groups (Figure 4). 
However, a noticeable increase in staining with 
anti-F4/80 antibodies was detected in the joints of 
mice in the LD group, as well as in two animals 
from the LD + T group in which borrelial DNA 
was detected, although at markedly reduced 
intensity (Figure 5).

Effect of the test composition in human subject
Evaluation of the dietary supplementation with 
the six plant-based agents in 17 patients affected 
by LD revealed that three (3/17) patients became 
completely symptom-free after 6 months. The 
patients reported physical and psychological 
improvements of their symptoms and were able to 
resume working. Eight patients (8/17) also experi-
enced significant physical and psychological 
improvement and were able to work again; how-
ever, further evaluation was scheduled to follow 
up on whether the improvements would change 
after discontinuation of the treatment. Two 
patients (2/17) experienced only slight improve-
ments, while four patients (4/17) showed no 

improvement and reported abnormal tiredness, 
pain in the limbs, headache, and visual distur-
bances. After discontinuing the supplementation 
for 2 weeks, these symptoms subsided. One of 
these four patients (1/4) made a new attempt and 
resumed the supplementation starting with a 
lower dose of one capsule per day gradually 

Figure 2. OD readings of mice serum cytokines after 
completion of the 4-week treatment. n = 8, *p < 0.001.
IL, interleukin; INT-γ, interferon gamma; LD, mice 
intradermally infected with 104 spirochetes/mouse and 
not fed with plant-based diet; LD + T, mice infected 
intradermally with 104 spirochetes/mouse and fed for 
4 weeks with plant-based diet; OD, optical density; TNF-α, 
tumor necrosis factor alpha; WT, mice not infected and not 
fed with plant-based diet; WT + T, mice not infected and fed 
for 4 weeks with plant-based diet.

Table 4. Comparison of culture and flaB DNA qPCR 
for individual infected mice tissue samples collected 
after 4 weeks of treatment.

LD
culture*

Ear Heart 
base

Spleen Joints

LD
qPCR

+ + + + +

+ + + + +

+ + + + +

+ + + + +

+ + + + +

+ + + + +

+ + + + +

+ + + + +

LD + T
culture*

LD + T
qPCR

– – – – –

– – – – +

– – – – –

– – – – –

– – – – –

– – – – +

– – – – –

– – – – –

qPCR, quantitative polymerase chain reaction; LD, mice 
infected with Borrelia burgdorferi (intradermal injection 
with 104 spirochetes/mouse); LD + T, mice infected 
with Borrelia burgdorferi (intradermal injection with 104 
spirochetes/mouse) and fed with plant-based diet for 
4 weeks, n = 8. *Culture of ear, heart base, spleen, and 
joints tissue. (–), flaB DNA-negative result in all subjected 
tissues; (+), flaB DNA-positive result in all subjected 
tissues.
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increasing to three capsules per day, which 
resulted in no negative effects observed with a 
slight improvement in physical condition. Further 
diagnostics for co-infections often associated with 
LD as well as neurological issues with a change in 
therapy approach were necessary for patients with 
no improvement, and that took place outside of 
this observation study (Table 5).

Discussion
Here we demonstrated the results from animal and 
human observational studies after the application 
of the test composition consisting of six com-
pounds such as baicalein, luteolin, rosmarinic acid, 
monolaurin, 10-HAD, and kelp/iodine. The pre-
sent research extends the findings from our previ-
ous study demonstrating significant in vitro efficacy 
of this composition against pleomorphic forms of 
Borrelia burgdorferi s.s. and B. garinii.17 We found 
there that the effect of this combination was 
comparable to in vitro effectiveness of the triple 
combination of antibiotics (i.e. doxycycline with 
daptomycin and cefoperazone), and it demon-
strated anti-oxidative and anti-inflammatory 
effects at the same time.17,24 Results from the ani-
mal study concurred with observations on human 
subjects demonstrating the general safety of this 
composition when applied in a diet. They revealed 
no significant changes in basic and differential 
hematology. Only the infected, but not treated 
mice (LD group), had an increased level of mono-
cytes and borderline elevated neutrophils, how-
ever, these parameters were normalized in animals 
infected and fed with the test composition 
(LD + T). Also clinical physiological and bio-
chemical parameters in sera of the experimental 
groups of animals showed no significant variability. 

Figure 3. Estimation of spirochete burden by 
quantitative polymerase chain reaction in mice per 
mg of tissue after completion of 4 weeks of treatment. 
n = 8, #p < 0.05 compared with LD group. CT values 
<40 were considered positive.
LD, mice infected intradermally with 104 spirochetes/mouse 
and not fed with plant-based diet; LD + T, mice infected 
intradermally with 104 spirochetes/mouse and fed for 
4 weeks with plant-based diet.

Figure 4. Representative images of AC3 detection in mouse kidney and liver tissues by immunohistochemistry 
using rabbit polyclonal antibody. Magnifications 4×, 10× for inserts; (–) negative and (+) positive control of 
mouse tumor.
AC3, active caspase-3; H&E, hematoxylin and eosin staining; LD, mice infected intradermally with 104 spirochetes/mouse 
and not fed with plant-based diet; LD + T, mice infected intradermally with 104 spirochetes/mouse and fed for 4 weeks with 
plant-based diet; WT, mice not infected and not fed with plant-based diet; WT + T, mice not infected and fed for 4 weeks with 
plant-based diet.
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Figure 5. Representative images of anti-F4/80 antibody detection in mice joints tissues by 
immunohistochemistry using rabbit polyclonal antibody. Magnifications 4×, 10× for inserts; (–) negative and 
(+) positive control of mouse bone.
H&E, hematoxylin and eosin staining; LD, mice intradermally with 104 spirochetes/mouse and not fed with plant-based diet; 
LD + T1, mouse no. 2 infected intradermally with 104 spirochetes/mouse and fed for 4 weeks with plant-based diet with 
increased staining with anti-F4/80; LD + T2, mouse no. 1 infected intradermally with 104 spirochetes/mouse and fed for 
4 weeks with plant-based diet with no increased staining with anti-F4/80.

Table 5. Summary of the observational study of 17 patients with late or chronic LD after 6 months of 
supplementation with the test composition.

No. 
patient

MS SS PSY/
US

No 
improvement

Slight 
improvement

Marked 
improvement

Complete 
improvement

1 +++ +++ + – x – –

2 +++ +++ – x – – –

3 – + +++ – – – x

4 +++ + +++ – x – –

5 ++ ++ ++ – – x –

6 +++ +++ ++ x – – –

7 +++ +++ ++ x – – –

8 + + +++ – – x –

9 +++ ++ + x – – –

10 +++ +++ ++ – – – x

 (Continued)
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There was an observed increase in inflammatory 
cytokine levels such as IL-6, IL-17, INT-γ, and 
TNF-α, in the LD group which corroborates other 
reports and points to ongoing chronic inflamma-
tion and might signal ongoing pathophysiological 
processes.25 However, the cytokine levels were 
normalized in the LD + T group of mice which 
consumed the test diet. Consumption of the diet 
enriched with the test composition also did not 
cause toxic effects in mice tissues since the hepatic 
and renal injury markers were not elevated in the 
control (WT + T) and the infected (LD + T) ani-
mals. This was confirmed by activated caspase-3 
and pathologist evaluation of the results.

The infected animals (LD group) showed the pres-
ence of detectable borrelial DNA in different tis-
sues, which is consistent with previously published 
data. However, it is worth mentioning that an in 
vivo study published by Pahl et  al. and others 
showed that dissemination of Borrelia burgdorferi 
does not proceed evenly and its distribution can 
vary among tissues of infected animals.26–29 Our 
qPCR results indicated that very low copy num-
bers of spirochetal DNA were present in the joint 
tissues from two infected mice fed with the test 
diet; however, they could not be cultured and were 
significantly decreased compared with the LD 
group. The issue of detection of noncultivable 
Borrelia burgdorferi after antibiotic treatment in 
vitro and in vivo is not new and was reported previ-
ously.30,31 Interestingly, an increased level of F4/80 

marker in the joint tissue was found in the same 
two mice, although, likewise, at a visibly reduced 
level compared with the LD group. These results 
cannot exclude the possibility that spirochetes 
could retain a low level of infectivity and be a cause 
of inflammation, but their ability to replicate was 
altered. Potentially, the retained ability to express 
borrelial lipoproteins could contribute, since it has 
been shown that they can potentiate a plethora of 
pro-inflammatory responses.32–36 Therefore, the 
fate of Borrelia burgdorferi and its infectivity aspects 
in the joints needs to be established. However, the 
presence of enhanced inflammatory areas in the 
analyzed tissue sections could correspond to the 
presence of spirochetes in the persistent stage, 
which should be confirmed by more detailed study. 
Joint tissue is extracellular matrix (ECM)-rich and, 
similar to bone, it is difficult to penetrate by anti-
bacterial agents. The reports about the existence of 
live spirochetes after antibiotic treatment implicat-
ing collagen as a key factor of persistence contrib-
uting to antibiotic treatment failure have been 
reported earlier.37–40

Treatment with different FDA-approved antibiot-
ics on small and large mammals also seems to 
reduce the Borrelia burgdorferi burden but fails to 
clear the infection as also documented by many 
other research groups.41–50 These in vivo reports 
were further substantiated by clinical trials find-
ings.5,11,12,46,49 It is also worth noting that a declin-
ing antibody titer has been observed after antibiotic 

No. 
patient

MS SS PSY/
US

No 
improvement

Slight 
improvement

Marked 
improvement

Complete 
improvement

11 +++ ++ – – – – x

12 +++ + +++ – – x –

13 +++ ++ + – – x –

14 +++ +++ ++ – – x –

15 +++ + + – – x –

16 +++ – + – – x –

17 +++ ++ +++ – – x –

Score: +++, severe symptoms, unable to work; ++, less severe symptoms, ability to work not permanently restricted; +, 
intermittent slight symptoms.
LD, Lyme disease; MS, main symptoms: lack of energy/tiredness/low stamina/fatigue/ musculoskeletal pain/forgetfulness/
concentration disorder; PSY/US, psychological symptoms/unusual symptoms: depression/irritability/panic and anxiety 
attacks/aggression/neuropathies/paralysis; SS, subsidiary symptoms: vertigo/visual disorders/cardiac arrhythmia.

Table 5. (Continued)
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treatment, despite the presence of low levels of 
persisting spirochetes.41,50 However, others 
reported that after antibiotic therapy in dogs, the 
antibody titers in some animals remained at con-
stant levels, which would argue for the persistence 
of the antigenic stimulus rather than complete 
elimination of pathogens.51

It is being increasingly accepted that conventional 
therapy with antibiotics for late and persistent LD 
brings limited results. Monotherapy especially has 
minimal long-term success and, although it is still 
used there has been no solid evidence document-
ing its efficacy in late and persistent stages of LD 
to date.5,11,12 Our previously published in vitro 
results showed that a composition of baicalein, 
luteolin, rosmarinic acid, monolaurin, 10-HAD, 
and iodine at their 1/8 minimum inhibitory con-
centration (MIC) values has significant synergistic 
effect against Borrelia spp. This composition 
revealed anti-oxidative properties affecting the 
membrane of Borrelia but not its DNA. We also 
noticed its inhibitory effect on the release of IL-1α, 
IL-1β, and IL-6 by human CD14+ monocytes 
stimulated with live Borrelia sp.17 To validate these 
results we performed a small observational study 
limited, however, to number of patients and clini-
cal and laboratory evaluations. In our pilot study 
of 17 patients with LD who had previously under-
gone several rounds of antibiotic treatment but 
whose health had not improved after the finished 
therapy, a 6-month intake of a specific combina-
tion of phenolic compounds with fatty acids and 
kelp/iodine improved the health conditions of 
64.7% of the patients allowing them to conduct 
their normal daily activities and resume working. 
Nonetheless, observed results, although encour-
aging, need to be further confirmed in a larger 
double-blind controlled clinical study to ensure 
that patients improved health conditions are also 
significant and consistent in a larger population of 
patients with late or chronic LD, and substanti-
ated by more in-depth clinical evaluation. Only 
then, may a more confident conclusion about the 
efficacy of this composition in humans be drawn. 
Perhaps further health benefits may be observed 
with an increased dosage and longer time of intake 
of the composition. However, as the study indi-
cated the dose adjustment should be made gradu-
ally. This study also revealed that those patients 
with little or no improvement should be subjected 
to further diagnosis for accompanying infections 
and neurologic dysfunction to exclude the lack of 
response as the reason.

In summary, this study documented the efficacy 
of the oral intake of a composition composed of 
six biologically active plant-derived agents in an 
animal model of LD and volunteer patients with 
late or chronic LD. Further studies investigating 
their efficacy as an adjunct to antibiotic treat-
ment, and as well as in a larger controlled clinical 
setting, seems to be reasonable and merits further 
study. Also, it should be mentioned that the natu-
ral compounds used in our in vivo study reached 
90–95% purity, although additional testing per-
formed by us showed similar or even greater 
purity and lack of antibiotics and anti-inflamma-
tory agents relevant in LD treatment. However, 
the presence of small amounts of residues could 
be influential and in a limited way affect experi-
mental outcomes.
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