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Peptide Therapies for Chronic Lyme 
Disease



Goals/Objectives:
¾ To understand that immune dysfunction, inflammation and a 

TH1-TH2 shift are key components in chronic Lyme disease 
(CLD), CFS, FM, etc. 

¾ To understand how immune modulatory therapies, including 
peptide and stem cell therapies, can be very effective in 
chronically ill and non-responsive patients

¾ Understand how the gut-brain axis and leaky gut are key 
dysfunctional components in CLD and how BPC-157 can be a 
or the key component in treatment and normalization of the 
GI system

¾ To understand the potential use of antimicrobial peptides (LL-
37)

¾ To understand how to quickly identify key labs to test for 
immune dysfunction in CLD

Multisystem Disease
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¾Small amount of organism can stimulate 
huge amounts of immune modulatory 
cytokines and toxins

¾TH1-TH2 shift
• Increased inflammation but decreased 

ability to fight intracellular infections

Multisystem Disease
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Multisystem Disease



(CDC Criteria)

¾A triggering event under the backdrop of a 
chronic Lyme infection sets into motion a 
vicious cycle pathophysiology.

¾ The immune dysfunction can be set off with 
significant stress, other infection, illness or 
accident.

¾ Each problem may trigger other problems.
¾Measurable hypothalamic, pituitary, immune 

and coagulation dysfunction 

Multisystem Disease

1. Holtorf, K. A Confounding Condition: Treating chronic fatigue syndrome and fibromyalgia 
requires addressing the underlying problems. Healthy Aging 2008;Nov:1-7 5



¾ The TH1 response mainly addresses 
intracellular infections while the TH2 response 
is largely limited to extracellular infections. 

¾ Transforming the body to a TH2 “extracellular” 
dominant response then converting to 
intracellular L-forms with a downregulated TH1 
“intracellular” immune response results in an 
effective immune evasion strategy that may 
be the hallmark of transformation to late-
stage dissemination.1,19,20

Immune Dysregulation
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7Holtorf, K. Cycle of Dysfunction of CFS/FM 2003

Cycle of Dysfunction with LD
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Cycle of Dysfunction with LD

Holtorf, K. Cycle of Dysfunction of CFS/FM 2003



Lyme disease/CFS/ME/FibromyalgiaMultisystem Disease

¾Most patients with chronic (stage III) Lyme 
disease are generally asymptomatic for a 
variable amount of time (months, years).

¾Tests can be labeled as inaccurate 
because they are positive in 
“asymptomatic” patients.
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¾ After months or years, see significant immune 
breakdown of TH1 and overstimulation of TH2.

¾ May never become symptomatic or may continually be 
misdiagnosed as other conditions, including CFS, FM, MS, 
autoimmune disease, migraines, depression, bipolar, 
pain syndromes, Parkinson’s, ALS, Alzheimer’s, CHF, 
obesity, OCD, ADHD, DM, lupus, Crohn’s, PCOS, PMS, IBS, 
IC, prostatitis, sleep disorder, etc.

¾ The longer the duration, generally the worse the immune 
dysfunction, the worse the symptoms and the more 
treatment resistant.

¾ Coinfections make symptoms worse and harder to treat.10

Chronic Lyme Disease



¾ With later stages, borrelia infection suppresses TH1 
immunity with resultant excessive TH2 immunity, causing:
• Ineffective intracellular immunity
• Inability to activate natural killer (NK) cells
• Inability to transform from IgM to IgG antibodies with a prolonged non-

cytotoxic IgM response
9 Explains high incidence of IgM positive WB
9 Does not indicate that is a false positive

• Increased autoimmunity
• Hypercoagulation
• Mast cell activation
• Mitochondrial dysfunction
• Hypothalamic/pituitary dysfunction with hormone deficiencies
• Cascade of many effects

3. McManus M, Cincotta A. Advances in Integrative Medicine. Adv Integ Med 2015;2:81-89.11

Immune Dysregulation



¾ Fast-growing infections are generally most susceptible 
to antibiotics; Borrelia has a very slow replication rate 
with stationary phase and production of persister cells.9

¾ LD is slow growing with periods of little or no growth.
• Most antibiotics only work on bacteria in growth phase.

• The slower the growth, the longer it takes to kill. 

• Doubling rates for Staph and Strep are about 20 minutes; Borrelia takes 12-24 
hours, Bartonella 22-24 hours(35-75 times longer--can be much longer when 
antibiotics are introduced). 

• The standard 10-14 days of antibiotics needed to reliably clear most “regular” 
infections would require the antibiotic to be present 24 hours per day for 1½ to 
3 years for the same curative potential.69

Immune Evasion
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69. Grier TM. The Complexities of Lyme Disease: A microbiology 
tutorial: Part 1. Lyme Disease Survival manual. LymeNet Europe
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TH1-TH2 Shift in CFS



TH1-TH2 Shift in HIV Determines 
Progression of Illness 

1597. Clerici M, Shearer, GM. The TH1-TH2 hypothesis of HIV infection:           
new insights. Immunology Today 1994;15(12):575-581
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Stress and TH1-TH2 Shift

• “In general, stress has been 

regarded as immuno-suppressive. 

Recent evidence, however, 

indicates that acute, subacute or 

chronic stress might suppress 

cellular immunity but boost humoral 

immunity.”

• “A major factor governing the 

outcome of infectious diseases is 

the selection of TH1-versus TH2-

predominant adaptive responses 

during and after the initial invasion 

on of the host.”

• TH1-TH2 shift results in mast cell 
activation, which further drives the 
TH1-TH2 shift.

Elenkov IJ, Chrousos. Stress Hormones, Th1/Th2 patterns, Pro/Anti-inflammatory Cytokines and Susceptibility to 
Disease. TEM 1999;10;9:359-68.



Stress and TH1-TH2 Shift 
Hypersensitivity/Mast Cell Sensitivity Syndrome

1797. Clerici M, Shearer, GM. The Th1-Th2 hypothesis of HIV infection:           
new insights. Immunology Today 1994;15(12):575-581

• Thus, severe acute stress 
associated with high 
adrenaline concentrations 
and/or high local secretion 
of CRH could lead to mast 
cell degranulation. 

• As a result, a substantial 
amount of histamine could 
be released, which 
consequently would not 
antagonize, but rather 
amplify, the Th2 shift 
through H2 receptors, while 
in parallel, by acting on H1 
receptors, it could initiate a 
new episode or 
exacerbate a chronic 
inflammation and allergic 
conditions (Fig. 4).



2468. Consolini R, Legitimo A, Calleri A, et al. Distribution of age-related thymulin titres in normal subjects through the course of 
life. Clin Exp Immunol 2000; 121:444-447

Thymic Proteins and Age
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¾According to the U.S. Center for Disease Control 
(CDC), approximately 80 % of aged individuals 
are afflicted with at least one chronic disease 
as a result of a declination of thymic-related 
immune function.73

¾Obesity and calorie intake are strongly 
associated with thymic involution

¾ The majority of people have pineal gland 
calcification by age 30.

72. Consolini R, Legitimo A, Calleri A, et al. Distribution of age-related thymulin titres in normal subjects through the course of life. Clin
Exp Immunol 2000; 121:444-447

73. Gui J, Mustachio LM, Su DM, et al. Thymus Size and Age-related Thymic Involution: Early Programming, Sexual Dimorphism, 
Progenitors and Stroma. Aging Dis 2012;3(3):280-90

Thymic/Pineal Peptides and Age



Thymus and Autoimmune Disease

27Irvine, WJ. The Thymus and Autoimmune Disease. Proc Roy Soc Med 1970;63:718-22

¾ Looking at thymus scans and 
postmortem thymus biopsies, the 
authors showed that the 
overwhelmingly majority of patients 
with autoimmune disease (looked at 
myasthenia gravis, autoimmune thyroid 
disease and SLE)had abnormal thymus 
size or histology. 
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¾ Improved tissue repair and healing35,36,37,41

¾ Improved host defense to infection26,27,28,29,30

¾ Reverse immunosuppression of chronic infection (Lyme)24,26,27,28,29,33,34,37,

¾ Increases antioxidant and glutathione production26,27,28,31,28,29,63,66

¾ Boost NK function26,35

¾ TH2-TH1 immune modulation (infections, cancer, herxheimer, 
autoimmune)26,27,28,30,31,33 

¾ Bind neuro/endotoxins111

¾ Cardiac regeneration and protection post-MI, CHF, etc.39,65,98,99,100

¾ Neurologic regeneration and protection post-stroke, TBI, Lyme, Alzheimer’s, 
neuropathy, Parkinson‘s, etc.63,67,42

¾ Stimulate stem cell activity and proliferation32,34,36,38,40,41,42 

¾ Increases longevity89,90,91

¾ Almost non-existent side effects at 100-fold dose+ excess103,104

¾ Excellent safety profile with large therapeutic window (over 1000 fold)103,104

Thymic Peptides – Clinical Effects
(Thymosin alpha-1, thymosin beta-4, thymulin)



Thymosin alpha 1 (TA1) 
¾Clinical Effects1,19,12,14,66

¾ Improved tissue repair and healing
¾ Improved host defense to infection
¾ Improved microcirculation
¾ Improves stress tolerance
¾ Inhibits viral replication or growth of cancer
¾ Increases antioxidant and glutathione production
¾ Reverse immunosuppression of CFS/FM/Lyme
¾ Reduces inflammation  
¾ Anti-tumor effects
¾ Prevents and treats autoimmunity

33



Thymosin alpha 1 (TA1) 
¾Potential target conditions

¾ Lyme disease/HIV
¾ Chronic viral or intracellular infections
¾ CFS/Fibromyalgia
¾ Autoimmune disease
¾ Diabetes
¾ Aging
¾ Allergies
¾ Chemical sensitivity
¾ Cancer
¾ Immune deficiencies 
¾ Prevention/Travel

34



TA1 Effects 

37

TA1:Dual Mode of Action

TA1Effects
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TA1 and Autoimmune Disease

¾ TA1 levels were checked in120 healthy controls 
(HC); 120 patients with psoriatic arthritis (PsA); 40 
with rheumatoid arthritis (RA); and 40 with SLE. 

¾ Found women significantly lower TA1 than men (P < 
0.0001)

¾ Autoimmune patients had significantly lower TA1 
levels than HC (P < 0.0001)

¾ Those on disease-modifying, anti-rheumatic drugs 
((DMARD) had significantly higher TA1than 
autoimmune patients not on DMARDs, but lower 
than HC.

43

Pica E, Chimenti S, Gaziano, R, et al. Serum thymosin alpha 1 levels in patients wieht chronic 
inflammatory autoimmune disease. British Soc immunology: Clin & Experiment Immunology 

2016;186;39-45



BPC-157
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¾ Body Protection Compound-157 (BPC-157) is a pentadecapeptide (15 amino 
acid peptide) isolated from human gastric fluid.BPC1-4

¾ In particular, BPC-157 has displayed the unique ability to have significant 
rejuvenating properties throughout the gastrointestinal tract and proven to be 
an effective treatment for a variety of gastrointestinal conditions, including 
inflammatory bowel disease, leaky gut syndrome, diverticulitis, gastric reflux, 
irritable bowel syndrome, ulcerative colitis, Crohn’s disease, persistent gastric 
ulcers, and stomach lesions.BPC2,3,6-10 

¾ Ongoing studies have shown that BPC-157 promotes wound healing in bones, 
tendons, ligaments, musculature, the central nervous system, skin, and various 
other organs, essentially having a healing effect throughout the body.1-4,11-20,24,26 

¾ It has been found to modulate pain and have novel regenerative, anti-
inflammatory, gastroprotective and neuroprotective properties BPC2,3,5

¾ Huge therapeutic window. LD1 (lethal dose in 1% of population) has not been 
achieved in any study.

¾ Reverses hypocoagulability and hypercoagulability:
• Prevents excessive bleeding and bleeding times due to a number of causes.
• Counteracts hypercoagulability syndromes, rapidly destroying formed thrombi.
• Reverses anticoagulant induced thrombocytopenia.
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¾ Repairs the gastrointestinal tract and is shown to be more effective 
than H2-blockers (Zantac), proton pump inhibitors (omeprazole) 
and gastric coating agents (sucralfate)BPC 2,3,7-10,32

¾ Prevents and reverses inflammatory and autoimmune diseases, 
such as rheumatoid arthritis, Lupus and Hashimoto’s BPC 2,3,35

¾ Promotes muscle, tendon, nerve and ligament healing and 
prevents and treats hyperalgesia BPC 14,15,18,24,42

¾ Promotes wound healing in the corneal epithelium BPC 16,17,22,23

¾ Increases serotonin and is shown more effective for depression than 
antidepressants. It is also shown to help to handle chronic and 
acute stress. BPC 38

¾ Oral and systemic administration significantly improves heart failure 
and hypotension (as well as hypertension).BPC 43

¾ Oral and systemic administration prevents and reverses stress urinary 
incontinence models in female rat. BPC 44

Clinical Effects of BPC-157



48

¾ Protects against numerous toxins, including alcohol, NSAIDS, 
Clostridium difficile toxin, mycotoxins (toxins from mold), neurotoxins, 
enterotoxins, and liver toxins (antibiotics, etc.) BPC 2,3,9,28,31,33,35

¾ Shown to be effective in traumatic brain injury, Parkinson’s, Alzheimer's 
and multiple sclerosis BPC10,31,32,36

¾ Enhances the healing effects of growth hormone (increases GH 
receptors) BPC 37

¾ BPC-157 is shown to prevent and reverse a wide range of stimulated 
arrhythmias, including A-Fib, A-V Block, ventricular tach, premature 
atrial contractions and premature ventricular contractions, as well as 
other cardiac arrhythmias. BPC27,35

¾ BPC-157 outperformed acyclovir for the treatment of HSV infection in 
at 1/1000th the dose of acyclovir. BPC 41

¾ Counteracts HTN, normalizes esophageal and pyloric sphincters BPC 42

¾ Prevents and reverses mitochondrial damage from various toxins(8,9,20)

Clinical Effects of BPC-157



BPC-157

“Stable gastric pentadecapeptide BPC 157 is an anti-ulcer 
peptidergic agent, safe in inflammatory bowel disease clinical 
trials and wound healing, stable in human gastric juice and has 

no reported toxicity. Particularly, it has a prominent effect on 
alcohol-lesions (i.e., acute, chronic) and NSAIDs-lesions 

(interestingly, BPC 157 both prevents and reverses arthritis)… and 
acts as a free radical scavenger and exhibits neuroprotective 

properties.”42

4942. Sikiric P, Seiwerth S, Rucman R, et al. Stable gastric pentadecapeptide BPC 157: novel 
therapy in gastrointestinal tract. Curr Pharm Des 2011;17(16)1612-32
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Oral BPC-157 for IBD and MS

¾ Oral BPC-157 was tested in two experimental models: one for inflammatory 
bowel disease and another for multiple sclerosis. 

¾ Oral BPC-157 was found to be equally effective in the treatment of both 
models and multiple tissues. It was shown to have a variety of beneficial 
effects, including the reduction of inflammation, promoting wound 
healing, counteracting and healing of both gastrointestinal and central 
nervous system damage. 

¾ Significant and dramatic effects were shown grossly, microscopically, 
functionally and behaviorally. 

¾ This study validated oral BPC-157’s usefulness as a therapeutic for both 
gastrointestinal and neurological damage.

¾ “Its ability to be orally administered is particularly noteworthy, as there are 
currently no similar treatment options for inflammatory bowel disease, 
multiple sclerosis and other neurodegenerative diseases.”

Klicek R, Kolenc D, Suran J, et al. Stable gastric pentadecapeptide BPC 157 heals cysteamine-colitis and colon-colon-
anastomosis and counteracts cuprizone brain injuries and motor disability. J Physiol Pharmacol. 2013 Oct;64(5):597-61
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¾ Aim: “We suggest that stable gastric pentadecapeptide BPC-157 
improves function and liver regeneration after 70% liver resection 
in rats since it can rescue otherwise severe liver lesions.”

¾ Materials and methods: 70% liver resection was performed with 
macroscopic observation, as well as microscopic and 
biochemical analysis.

¾ Results: BPC-157 treated rats maintained their weight and 
exhibited 40% better liver rejuvenation and larger liver volume.

• Normalized AST, ALT and bilirubin levels (confirming functional liver 
regeneration). 

• Microscopically, controls presented larger areas of liver steatosis necrosis 
and liver fibrosis, unlike BPC 157 treated rats. 

• Increased liver cell mitosis and rejuvenation

¾ Conclusions: BPC-157 rats maintained the weight, exhibited 
better liver regeneration and normalized serum LFTs

Oral BPC-157 Improves Liver Function 
and Liver Regeneration

Crvenkovic D, Sever M, Sever AZ, et al. Pentadecapeptide BPC 157 After 70% Liver Resection in Rats. AGA Abstracts



BPC-157 for Leaky Gut and for Normalizing Gut-Brain Axis

53
Graphic from Dr. Sam Rubar and Dr. Sandeep Gupta. SIBO, Leaky Gut and Mold Illness (Mold Illness Made Simple 

• Numerous studies are showing 
the importance of healing leaky 
gut (increased intestinal 
permeability), the brain-gut axis 
and the microbiome in chronic 
illness

• BPC-157 is probably the single 
best treatment for leaky-gut and 
normalization of the brain-gut 
axis. 

• Sikiric P, et al. Brain-gut Axis and 
Pentadecapeptide BPC 157: 
Theoretical and Practical Implications. 
Current Neurophamacology
2016;14:857-865
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AMP Overview

¾ AMPs serve as endogenous antibiotics that are able to rapidly kill an unusually 
broad range of bacteria, fungi, parasites and viruses.76,80

¾ Direct effects involve selective disruption of prokaryotic cell membrane106

¾ In addition to their direct antimicrobial activity, also have multiple modes of 
action, including immune modulating effects106

¾ LL-37 boosts mesenchymal stem cell migratory behavior and immunomodulatory 
effects.77

¾ Significant anti-biofilm activity at low levels78,105

¾ The MIC of LL-37 is much lower in vivo than in-vitro due to its immune modulating 
effects.

¾ AMPs are synergistic with antibiotics and reduce the development of drug 
resistance.79

¾ Effective against free borrelia spirochetes and cystic forms76

¾ Even low doses block the bioactivity of endotoxins and neurotoxins109,110

¾ Well-tolerated, very safe with little side effects and a large therapeutic window
¾ Caution with autoimmune disease at high doses, as with any immune modulator

78. Fuente-Nunez C, Hancock. Using anti-biofilm peptides to treat antibiotic-resistant bacterial
Infections. Postdoc J 2015;3(2):1-8



60106. Sato H, Feix JB. Peptide–membrane interactions and mechanisms of membrane destruction by amphipathic α-helical 
antimicrobial peptides. Biochim Biophys Acta 2006;1758(9):1245-56.

AMP Mechanism of Action



6180. Sato H, Feix JB. Peptide–membrane interactions and mechanisms of membrane destruction by amphipathic α-helical 
antimicrobial peptides. Biochim Biophys Acta 2006;1758(9):1245-56.

AMP-Rapid Onset of Effect (1 minute)



LL37 for Lyme Disease (cystic form)

62
79. Eckard A, Wood S. In-Vitro Susceptibility of Different Morphological Forms of Borrelia burgdorferi to Common 
Lyme Antibiotics in Combination with Antimicrobial Peptides. J Microb Exp 2016;3(4):1-19

“Combining antimicrobial peptides with commonly prescribed
antibiotics to treat Lyme disease may provide a new approach to the treatment of 

chronic infections due to the significant synergistic effect of a combination.”



Peptides for Lyme
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¾Thymosin alpha 1 and thymosin beta 4
• Immune modulation with reversal of TH1-TH2 shift
¾BPC-157

• Reduces  inflammation and increases healing in most 
every tissue, including gut (probably best treatment for 
leaky gut), brain, skin, muscle, degenerative joints, 
cardiac (prevents and treats arrhythmia, & heart failure in 
Lyme myocarditis), neuropathic pain and protective 
against neuro and endotoxins.

¾Semax/Selank
• Improves brain function, memory, depression and anxiety
• Sz treatment/prevention



Peptides for Lyme
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¾GHRH/GHRP
¾ Epithalon

• Pineal peptide-increases longevity with significant reduction 
in CVD and cancer

• Increases telomere length
• Sleep
• Boosts thymic function

¾ Delta Sleep-Inducing Peptide (DSIP)
• Induces deep sleep and reduces pain
• Stimulates the release of growth hormone

¾ LL-37
• Effective against antibiotic resistant micobes
• Can be use alone or with antibiotics for synergistic effects and 

to reduce resistance



71

Tβ4 and MSC Synergy



¾ Low NK cell function < 30 LU
¾ Low CD 57 (LabCorp)
¾ Elevated C4a (Quest-Nat. Jewish on dry ice, ne)
¾ VEGF (increase with bartonella, suppressed by molds)
¾ Eosinophil cationic protein (Babesia—may only increase after treatment)
¾ ACE above 30
¾ Immune activation of coagulation (D-dimer, soluble fibrin monomer, 

prothrombin fragment 1+2, thrombin antithrombin complex, PAI-1) 
(Lyme/babesia)

¾ Low Igg subclasses (Secondary to TH1-TH2 shift (low IFgamma))
¾ Leptin above 12
¾ Elevated human transforming growth factor beta (HTGFB)
¾ Most any band on Quest WB, (even a 41 kd—selection bias on my part)

• Provocate with antibiotics before doing indirect testing and/or treat the immune system with peptides before 
testing

• Will know with a high probability who will or should test positive on further Lyme testing

Identification of Immune Dysfunction

7
5



-
Thank You 

Questions?

Email: kholt@holtorfmed.com 
Office Phone: 310-375-2705

77



References

1. Holtorf, K. A Confounding Condition: Treating chronic fatigue syndrome and fibromyalgia requires addressing the underlying problems. 
Healthy Aging 2008;Nov:1-7

2. Holtorf, K. Cycle of Dysfunction of CFS/FM/LD 2004

3. McManus M, Cincotta A. Advances in Integrative Medicine. Adv Integ Med 2015;2:81-89.

4. Ribeiro JM, Weis JJ, Telford 3rd SR. Saliva of the tick Ixodes dammini inhibits neutrophil function. Exp Parasitol 1990;70(May (4)):382–8.

5. Hovius JW, van Dam AP, Fikrig E. Tick–host–pathogen interactions in Lyme borreliosis. Trends Parasitol 2007;23(September (9)):434–8.

6. Sapi E, Bastian SL, Mpoy CM, Scott S, Rattelle A, Pabbati N, et al. Characterization of biofilm formation by Borrelia burgdorferi in vitro. 
PLoS One 2012;7(10):e48277 

7. Bunikis I, Kutschan-Bunikis S, Bonde M, Bergstro¨m S. Multiplex PCR as a tool for validating plasmid content of Borrelia burgdorferi. J 
Microbiol Methods 2011;86(2):243–7.

8. Rupprecht TA, Koedel U, Fingerle V, Pfister HW. The pathogenesis of Lyme neuroborreliosis: from infection to inflammation. Mol Med 
2008;14(3/4):205–12. 

9. Jutras BL, Chenail AM, Stevenson B. Changes in bacterial growth rate govern expression of the Borrelia burgdorferi OspC and Erp
infection-associated surface proteins. J Bacteriol 2013;195(4):757–64.

10. Scott S, Rattelle A, Pabbati N, et al. Characterization of biofilm formation by Borrelia burgdorferi in vitro. PLoS One 2012;7(10):e48277.

11. Stevenson B, Babb K. Lux-S mediated quorum sensing in Borrelia burgdorferi Lyme disease spirochete. Infect Immun 2002;70:4099–105.

12. Beermann C, Wunderli-Allenspach H, et al. Lipoproteins from Borrelia burgdorferi applied in liposomes and presented by dendritic cells 
induce CD8(+) T-lymphocytes in vitro. Cell Immunol 2000;201(2):124–31

13. Results of Palatin Technologies’ PT-141 phase 2b study in men with erectile dysfunction, May 10, 2004. www.palatin.com. 

14. Wessells H, Gralnek D, Dorr R, Hruby VJ, Hadley ME, Levine N. Effect of an alpha-melanocyte stimulating hormone analog on penile 
erection and sexual desire in men with organic erectile dysfunction. Urology. 2000 Oct 31;56(4):641-6.

15. Ionescu M, Frohman LA. Pulsatile secretion of growth hormone (GH) persists during continuous stimulation by CJC-1295, a long-acting 
GH-releasing hormone analog. The Journal of Clinical Endocrinology & Metabolism. 2006 Dec;91(12):4792-7.

16. Alba M, Fintini D, Sagazio A, Lawrence B, Castaigne JP, Frohman LA, Salvatori R. Once-daily administration of CJC-1295, a long-acting 
growth hormone-releasing hormone (GHRH) analog, normalizes growth in the GHRH knockout mouse. American Journal of Physiology-
Endocrinology and Metabolism. 2006 Dec 1;291(6):E1290-4. 78



References

79

17. Jette, L., Le ́ger, R., Thibaudeau, K., Benquet, C., Robitaille, M., Pellerin, I., Paradis, V., van Wyk, P., Pham, K. and Bridon, D.P., 2005. Human 
growth hormone-releasing factor (hGRF) 1–29-albumin bioconjugates activate the GRF receptor on the anterior pituitary in rats: 
Identification of CJC-1295 as a long-lasting GRF analog.Endocrinology, 146(7), pp.3052-3058.

18. Sackmann-Sala L, Ding J, Frohman LA, Kopchick JJ. Activation of the GH/IGF-1 axis by CJC-1295, a long-acting GHRH analog, results in 
serum protein profile changes in normal adult subjects. Growth Hormone & IGF Research. 2009 Dec 31;19(6):471-7.

19. Dickinson GS, Alugupalli KR. Deciphering the role of Toll Like receptors to Borrelia. Front Biosci 2012;4:699–712.

20. Kean IR, Irvine KL. Lyme disease aetiopathogenesis factors for disease development and control. Inflammopharmacology 2013;21:101–11.

21. Holtorf, K. Unpublished data

22. Donahue RN, McLaughlin PJ, Zagon IS. Low-dose naltrexone targets the opioid growth factor-opioid growth factor receptor pathway to 
inhibit cell proliferation: mechanistic evidence from a tissue culture model. Experil Biology Med 2011;236(9):1036

23. Younger J, Mackey S. Fibromyalgia Symptoms Are Reduced by Low-Dose Naltrexone: A Pilot Study. Pain Med. 2009 ; 10(4): 663–672.

24. Younger J, Noor N, McCue R, Mackey S. Low-Dose Naltrexone for the Treatment of Fibromyalgia. Arthritis & Rheum 2013;65(2):529-538.

25. Horowitz open labeled study HVHAC (2009-2016)

26. Morozov VG, Khavinson KH. Natural and synthetic peptides and immune dysfunction. Int J Immunopharmac 1997;19(9/10):501-5 

27. Tuthill C, Rios I, McBeath R. Thymosin alpha 1: past clinical experience and future promise. Annals of the New York Academy of Sciences. 
2010 May 1;1194(1):130-5. 

28. Li J, Liu CH, Wang FS. Thymosin alpha 1: biological activities, applications and genetic engineering production. Peptides. 2010 Nov 
30;31(11):2151-8.

29. Ershler WB, Gravenstein S, Geloo ZS. Thymosin alpha 1 as an adjunct to influenza vaccination in the elderly. Annals of the New York 
Academy of Sciences. 2007 Sep 1;1112(1):375-84.

30. Garaci E, Favalli C, Pica F,et al. Thymosin alpha 1. Annals of the New York Academy of Sciences. 2007 Sep 1;1112(1):225-34.

31. Qin Y, Chen FD, Zhou L, Gong XG, Han QF. Proliferative and anti-proliferative effects of thymosin α1 on cells are associated with 
manipulation of cellular ROS levels. Chemico-biological interactions. 2009 Aug 14;180(3):383-8.

32. Matteucci C, Minutolo A, Sinibaldi-Vallebona P, et al. Transcription profile of human lymphocytes following in vitro treatment with thymosin
alpha-1. Annals of the New York Academy of Sciences. 2010 May 1;1194(1):6-19.



References

80

33. Schulof, R.S. et al. 1985. A randomized trial to evaluate the immunorestorative properties of synthetic thymosin-alpha 1 in patients with 
lung cancer. J. Biol. Response Modif. 4: 147–158.

34. Freeman KW, Bowman BR, Zetter BR. Regenerative protein thymosin β-4 is a novel regulator of purinergic signaling. The FASEB Journal. 
2011 Mar 1;25(3):907-15.

35. Lee HR, Yoon SY, Song SB, et alchopp. Interleukin-18-mediated interferon-gamma secretion is regulated by thymosin beta 4 in human 
NK cells. Immunobiology. 2011 Oct 31;216(10):1155-62.

36. Kim S, Kwon J. Effect of thymosin beta 4 in the presence of up-regulation of the insulin-like growth factor-1 signaling pathway on high-
glucose-exposed vascular endothelial cells. Molecular and cellular endocrinology. 2015 Feb 5;401:238-47.

37. Philp D, Kleinman HK. Animal studies with thymosin β4, a multifunctional tissue repair and regeneration peptide. Annals of the New York 
Academy of Sciences. 2010 May 1;1194(1):81-6.

38. Jeon BJ, Yang Y, Shim SK, Yang HM, Cho D, Bang SI. Thymosin beta-4 promotes mesenchymal stem cell proliferation via an interleukin-
8-dependent mechanism. Experimental cell research. 2013 Oct 15;319(17):2526-34.

39. Stark C, Taimen P, Tarkia M, et al.Therapeutic potential of thymosin β4 in myocardial infarct and heart failure. Annals of the New York 
Academy of Sciences. 2012 Oct 1;1269(1):117-24.

40. Ershler N. Smart, C.A. Risebro, A.A. Melville, K. Moses, R.J. Schwartz, K.R. Chien, P.R. Riley, et al., Thymosin beta4 induces adult epicardial
progenitor mobilization and neovascularization, Nature 445 (2007) 177–182.

41. A.L. Goldstein, E. Hannappel, H.K. Kleinman, et al., Thymosin beta4: actin-sequestering protein moonlights to repair injured tissues, 
Trends Molecul. Med. 11 (2005) 421–429. 

42. Wang L, Chopp M, Szalad A, et al. Thymosin β4 Promotes the Recovery of Peripheral Neuropathy in Type II Diabetic Mice. Neurobiol Dis 
2012;48(3): 546–555

43. Sikiric P, Seiwerth S, Rucman R, et al. Stable gastric pentadecapeptide BPC 157: novel therapy in gastrointestinal tract. Curr Pharm Des 
2011;17(16)1612-32

44. Boban-Blagaic A, Vladimir Blagaic, et al. The influence of gastric pentadecapeptide BPC 157 on acute and chronic ethanol 
administration in mice. The effect of NG -nitro-L-arginine methyl ester and L-arginine. Med Sci Monit, 2006; 12(1): BR36-45



References

81

45. Wong GK, Zhu XL, Poon WS. Beneficial effect of cerebrolysin on moderate and severe head injury patients: result of a cohort study. 
InIntracranial Pressure and Brain Monitoring XII 2005 (pp. 59-60). Springer Vienna.

46. Ruether E, Husmann R, Kinzler E, Diabl E, Klingler D, Spatt J, Ritter R, Schmidt R, Taneri Z, Winterer W, Koper D. A 28-week, double-
blind, placebo-controlled study with Cerebrolysin in patients with mild to moderate Alzheimers disease. International clinical 
psychopharmacology. 2001 Sep 1;16(5):253-63.

47. Rockenstein E, Torrance M, Mante M, Adame A, Paulino A, Rose JB, Crews L, Moessler H, Masliah E. Cerebrolysin decreases 
amyloid-β production by regulating amyloid protein precursor maturation in a transgenic model of Alzheimers disease. Journal of 
neuroscience research. 2006 May 15;83(7):1252-61.

48. Alvarez XA, Cacabelos R, Laredo M, Couceiro V, Sampedro C, Varela M, Corzo L, Fernandez-Novoa L, Vargas M, Aleixandre M, 
Linares C. A 24-week, double-blind, placebo-controlled study of three dosages of Cerebrolysin in patients with mild to moderate 
Alzheimers disease. European journal of neurology. 2006 Jan 1;13(1):43-54.

49. Ladurner G, Kalvach P, Moessler H. Neuroprotective treatment with cerebrolysin in patients with acute stroke: a randomised
controlled trial. Journal of neural transmission. 2005 Mar 1;112(3):415-28.

51. Masliah E, Armasolo F, Veinbergs I, Mallory M, Samuel W. Cerebrolysin ameliorates performance deficits, and neuronal damage in 
apolipoprotein E-deficient mice. Pharmacology Biochemistry and Behavior. 1999 Feb 28;62(2):239-45.

52. Panisset M, Gauthier S, Moessler H, Windisch M, Cerebrolysin Study Group. Cerebrolysin in Alzheimers disease: a randomized, 
double-blind, placebo-controlled trial with a neurotrophic agent. Journal of neural transmission. 2002; 109(7-8): 1089-104.

53. Ojo-Amaize EA, Conley EJ, Peter JB. Decreased natural killer cell activity is associated with severity of chronic fatigue immune 
dysfunction syndrome. Clin Infect Dis. 1994 Jan;18 Suppl 1:S157-9.

54. Stricker RB, Winger EE. Decreased CD57 lymphocyte subset in patients with chronic Lyme disease. Immunol Lett. 2001 Feb 1;76(1):43-
8. 

55. Lee SJ, McPherron AC. Regulation of myostatin activity and muscle growth. Proc Nat Acad Sci 2001 98(16):9306-11.
56. Kota J, Handy CR, Haidet AM, et al. Follistatin gene delivery enhances muscle growth and strength in nonhuman primates. Sci Trans 

Med 2009 Nov 11;1(6):6ra15
57. Calvo RM, Villuendas G, Sancho J, San Millán JL, Escobar-Morreale HF. Role of the follistatin gene in women with polycystic ovary 

syndrome. Fertility and sterility. 2001 May 31;75(5):1020-3.
58. McPherron AC, Lawler AM., S.J. L Regulation of skeletal muscle mass in mice by a new TGF-beta superfamily member. Nature. 

1997;387:83–90. 
59. Milan G, Nora D, Pagano C. Changes in muscle myostatin expression in obese subjects after weight loss. JCEM 2004 Jun;89(6):2724-

7.



References

82

60. Berende A, Oosting M, Kullberg BJ, et al. Activation of innate host defense mechanisms by Borrelia. Eur Cytokine Netw 2010;21(1):7–
18. 

61. Cadavid D, London˜o D. Understanding tropismand immunopathological mechanisms of relapsing fever spirochaetes. Clin
Microbiol Infect 2009;15(May(5)):415–21. 

62. Kraiczy P, Hartman K, Hellwage J, Skerka C, Kirschwink M, Brade V, et al. Immunological characteristics of the complement 
regulation factor H binds CRASP and Erp proteins of Borrelia burgdorferi. Int J Med Microbiol 2004;293:152–7.

63. de Taeye SW, Kreuk L, van Dam AP, Hovius JW, Schuijt TJ. Complement evasion by Borrelia burgdorferi: it takes 3 to tango. Trends 
Parasitol 2010;117:1–10.

64. Kennedy M, Lenhart TR, Akins DR. The role of Borrelia burgdorferi outer surface proteins. Immunol Med Microbiol 2012;66:1–26.

65. Rui L, Yu N, Hong L,et al. Extending the time window of mammalian heart regeneration by thymosin beta 4. Journal of cellular and 
molecular medicine. 2014 Dec 1;18(12):2417-24.

66. Wei C, Kumar S, Kim IK, Gupta S. Thymosin beta 4 protects cardiomyocytes from oxidative stress by targeting anti-oxidative enzymes 
and anti-apoptotic genes. PloS one. 2012 Aug 3;7(8):e42586.

67. Xiong Y, Zhang Y, Mahmood A, et al. Neuroprotective and neurorestorative effects of thymosin beta4 treatment initiated 6 hours 
post injury following traumatic brain injury in rats. Journal of neurosurgery. 2012 May;116(5):1081.

68. Matarese G, Moschos S, Mantzoros CS. Leptin in Immunology. J of Immunology 2005;174(6):3137-3142 

69. Grier TM. The Complexities of Lyme Disease: A microbiology tutorial: Part 1. Lyme Disease Survival manual. LymeNet Europe

70. McDonald AB. Borrelia Burdoferi group spirochetes detected in blood and cerebrospinal fluid in seronegative patients. Current 
Research Discoveries May 2016, London, England

71. Christ, Berg et al. Does Borreliosis Activate the Coagulation System and is Coag Regulatory Protein Defect predispostional? IDSA, 
Oct 2003

72. Consolini R, Legitimo A, Calleri A, et al. Distribution of age-related thymulin titers in normal subjects through the course of life. Clin Exp
Immunol 2000; 121:444-447



References

83

73. Gui J, Mustachio LM, Su DM, et al. Thymus Size and Age-related Thymic Involution: Early Programming, Sexual Dimorphism, Progenitors
and Stroma. Aging Dis 2012;3(3):280-90

74. Wahl SM, Tranforming growth factor-beta: innately bipolar. Curr Opin Immunol 2007;19(1):55-62.

75. Tanaka M, Ozaki S, Kawabata D. v Potential preventive effects of follistatin-related protein/TSC-36 on joint destruction and antagonistic 
modulation of its autoantibodies in rheumatoid arthritis. Int Immunol 2003;15(1):71-7

76. Alcayaga-Miranda F, Cuenca J, Khoury M. Antimicrobial Activity of Mesenchymal Stem Cells: Current Status and New Perspectives of 
Antimicrobial Peptide-Based Therapies. Front Immuno 2017;8(339):1-15

77. Oliveria-Bravo M, Sanglorgi BB, Schavinato S, et al. LL-37 boosts immunosuppressive function of placenta-derived mesenchymal 
stromal cells. Stem Cell Resch & Ther 2016;7-189

78. Fuente-Nunez C, Hancock. Using anti-biofilm peptides to treat antibiotic-resistant bacterial Infections. Postdoc J 2015;3(2):1-8

79. Eckard A, Wood S. In-Vitro Susceptibility of Different Morphological Forms of Borrelia burgdorferi to Common Lyme Antibiotics in 
Combination with Antimicrobial Peptides. J Microb Exp 2016;3(4):1-19

80. Korkushko O. et al. Bulletin of Experimental Biology and Medicine. 2004

81. Arking B. Biology of Aging : Observations and Principles 3rd Edition. Oxford University Press 2006

82. Khavinson V., Malinin V. Gerontological aspects of genome peptide regulation. Karger. 2005

83. Korkushko OV, Khavinson VK, Shatilo VB, et al. Peptide Geroprotector from the Pituitary Gland Inhibits Rapid Aging of Elderly People: 
Results of 15-Year Follow-Up. Bulletin of Experimental Biology and Medicine, Vol. 151, No. 3, July, 2011

84. Khavinson VK, Bondarev IE. Peptide Epitalon Induces Telomerase Activity and Elongation of Telomeres in  Somatic Human Cells. Ibid. 
2003;135;6:692-695.

85. W. E. Wright and J. W. Shay. Historical claims and current interpretations of replicative aging Ibid. 2002;20;7:682-688.

86. Anisimov V. et al. Mechanisms of Ageing and Development. 2001

87. Dilman VM, Anisimov VN, Ostroumova MN, et al. Increase in lifespan of rats following polypeptide pineal extract treatment. Exp Pathol
1979;17:539-545



References

84

88. Anisimov VN, V. Kh. Khavinson, M. Provinciali, et al. Inhibitory effect of the peptide epitalon on the development of spontaneous mammary tumors in 
HER-2/neu transgenic mice. Int. J. Cancer. 2002;101;1:7-10.

89. Khavinson V. Peptides and ageing. Neuroendocrinology Letters 2002;23(3):11-144

90. Anisimo VNN, et al. Effect of synthetic thymic and pineal peptide on biomarkers of ageing, survival and spontaneous tumor incidence of female 
CBAmice. Mech Ageing Dev 2001;122(1):41-68.

91. Morozov VG. Peptides of pineal gland and thymus prolong human life. Neuro Endocrinol Lett. 2003 Jun-Aug;24(3-4):233-40

92. Khavinson VKh, Morozov VG, Anisimov VN. Experimental studies of the pineal gland preparation Epithalamin. The Pineal Gland and Cancer: 
Neuroimmunoendocrine Mechanisms in Malignancy 2001:294-306.

93. Kalaszcynska I, Ferdyn K. Wharton’s Jelly Derived Mesenchymal Stem Cells: Future of Regenerative Medicine? Recent Findings and Clinical 
Significance. BioMed Res Int 2015;1-11

94. Hsieh J-Y, Wang H-W, Chang S-J, et al. (2013) Mesenchymal Stem Cells from Human Umbilical Cord Express Preferentially Secreted Factors Related to 
Neuroprotection, Neurogenesis, and Angiogenesis. PLoS One 2013;8(8):e72604.

95. Blood Coagulation Fibrinolysis 2000

96. American Association of Clinical Chemistry, 2003

97. Clerici M, Shearer, GM. The Th1-Th2 hypothesis of HIV infection: new insights. Immunology Today 1994;15(12):575-581

98. Chiu LL, Reis LA, Radisic M. Controlled delivery of thymosin β4 for tissue engineering and cardiac regenerative medicine. Ann N Y Acad Sci. 
2012;1269:1625.

99. Ye L, Shang P, Duval S, et al. Thymosin β4 Increases the Potency of Transplanted Mesenchymal Stem Cells for Myocardial Repair. Circulation. 
2013;128:S32-S41.

100. Thymosin beta 4 reduces brain tissue damage, improves brain function in rats: Research  paper RegeneRx Biopharmaceuticals, Inc. May 24, 2010

101. Neurological Functional Recovery After Thymosin Beta4 Treatment in Mice with Experimental   Auto Encephalomyelitis. Int J Immunopharmac
1997;19(9/10):501-505

102. Neurological functional recovery after thymosin beta4 treatment in mice with experimental           auto encephalomyelitis. Neuroscience 
2009;164(4):1887-93

103. Chopp M, Ahang ZG. Thymosin B4 as a restorative/regenerative therapy for neurological injury and neurodegenerative diseses. Expert Opinion on 
Biological Therapy 2015;15(1):9-12.

104. Ruff D, Crockford D, Girardi G. A randomized, placebo-controlled, single and multiple dose study of intravenous thymosin beta4 in healthy 
volunteers. Ann NY Acad Sci 2010;1194:223-9.



References
105.  Chennupati SK, Chiu AG, Tamashiro E. Effects of an LL-37–derived antimicrobial peptide in an animal model of biofilm Pseudomonas 

sinusitis. Am J Rhinol Allergy 2009;23:46-51.

106. Sato H, Feix JB. Peptide–membrane interactions and mechanisms of membrane destruction by amphipathic α-helical antimicrobial 
peptides. Biochim Biophys Acta 2006;1758(9):1245-56.

107. Saiman L. Tabibi S. Starner TD. et al. Cathelicidin Peptides Inhibit Multiply Antibiotic-Resistant   Pathogens from Patients with Cystic 
Fibrosis. Antimicrob Agents & Chemo 2001;45(10):2838-44.

108. M. Wang, Y. Yang, D. Yang et al., The immunomodulatory activity of human umbilical cord  blood-derived mesenchymal stem cells in 
vitro. Immunology 2009;126(2)220–32.

109. Nell MJ, Tjabringa GS, Wafelman AR, et al. Development of novel LL-37 derived antimicrobial  peptides with LPS and LTA neutralizing 
and antimicrobial activities for therapeutic application.  Peptides. 2006;27(4):649-60.

110. Giuliani A, Pirri G, Rinaldi AC. Antimicrobial peptides: the LPS connection. Methods Mol Biol 2010;618:137-54. 

111. Steinbichler TB, Dudas J, Riecelmann H, et al. Seminars in Cancer Biology: the role of exosomes in cancer metastasis. Sci Direct 
2017;;44:170-81

BPC references
1. Chang CH, Tsai WC, Lin MS, Hsu YH, Pang JH. The promoting effect of pentadecapeptide BPC 157 on tendon healing involves tendon

outgrowth, cell survival, and cell migration. Journal of applied physiology. 2010 Oct 28;110(3):774-80.

2. Sikiric P, Seiwerth S, Rucman R, Turkovic B, Stancic Rokotov D, Brcic L, Sever M, Klicek R, Radic B, Drmic D, Ilic S. Stable gastric 
pentadecapeptide BPC 157: novel therapy in gastrointestinal tract. Current pharmaceutical design. 2011 Jun 1;17(16):1612-32.

3. Boban-Blagaic A, Blagaic V, Romic Z, Jelovac N, Dodig G, Rucman R, Petek M, Turkovic B, Seiwerth S, Sikiric P. The influence of gastric

pentadecapeptide BPC 157 on acute and chronic ethanol administration in mice. The effect of N (G)-nitro-L-arginine methyl ester and L-
arginine. Medical science monitor. 2005 Dec 22;12(1):BR36-45.

4. Huang T, Zhang K, Sun L, Xue X, Zhang C, Shu Z, Mu N, Gu J, Zhang W, Wang Y, Zhang Y. Body protective compound-157 
enhancesalkali-burn wound healing in vivo and promotes proliferation, migration, and angiogenesis in vitro. Drug design, development, 
and therapy. 2015;9:2485.

5. Sikiric P, Seiwerth S, Grabarevic Z, Rucman R, Petek M, Jagic V, Turkovic B, Rotkvic I, Mise S, Zoricic I, Konjevoda P. Pentadecapeptide 
BPC 157 positively affects both non-steroidal anti-inflammatory agent-induced gastrointestinal lesions and adjuvant arthritis in rats. Journal 
of Physiology-Paris. 1997 May 1;91(3-5):113-22. 85



References
6. Sikiric P, Seiwerth S, Brcic L, Sever M, Klicek R, Radic B, Drmic D, Ilic S, Kolenc D. Revised Robert’s cytoprotection and adaptive 
cytoprotection and stable gastric pentadecapeptide BPC 157. Possible significance and implications for novel mediator. Current 
pharmaceutical design. 2010 Apr 1;16(10):1224-34.

7. Vuksic T, Zoricic I, Brcic L, Sever M, Klicek R, Radic B, Cesarec V, Berkopic L, Keller N, Blagaic AB, Kokic N. Stable gastric 
pentadecapeptide BPC 157 in trials for inflammatory bowel disease (PL-10, PLD-116, PL14736, Pliva, Croatia) heals ileoileal anastomosis in 
the rat. Surgery today. 2007 Sep 1;37(9):768-77.

8. Skorjanec S, Dolovski Z, Kocman I, Brcic L, Boban AB, Batelja L, Coric M, Sever M, Klicek R, Berkopic L, Radic B. Therapy for unhealed 
gastrocutaneous fistulas in rats as a model for analogous healing of persistent skin wounds and persistent gastric ulcers: stable gastric 
pentadecapeptide BPC 157, atropine, ranitidine, and omeprazole. Digestive diseases and sciences. 2009 Jan 1;54(1):46.

9. Sikiric P, Marovic A, Matoz W, Anic T, Buljat G, Mikus D, Stancic-Rokotov D, Šeparovic J, Seiwerth S, Grabarevic Z, Rucman R. A 
behavioural study of the effect of pentadecapeptide BPC 157 in Parkinson’s disease models in mice and gastric lesions induced by 1-
methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine. Journal of Physiology-Paris. 1999 Dec 1;93(6):505-12.

10. Kliček R, Kolenc D, Šuran J, Drmić D, Brčić L, Aralica G, Sever M, Holjevac J, Radić B, Turudić T, Kokot A. Stable gastric 
pentadecapeptide BPC 157 heals cysteamine-colitis and colon-colon-anastomosis and counteracts cuprizone brain injuries and motor 
disability. Journal of physiology and pharmacology. 2013;64(5):597-612.

11. Krivic A, Anic T, Seiwerth S, Huljev D, Sikiric P. Achilles Detachment in Rat and Stable Gastric pentadecapeptide BPC 157: Promoted 
Tendon-to-Bone Healing and Opposed Corticosteroid Aggravation. Journal of orthopedic research. 2006 May 1;24(5):982-9.

12. Jelovac N, Sikirić P, Ručman R, Petek M, Perović D, Konjevoda P, Marović A, Seiwerth S, Sumajstorčić J, Dodig G, Perić J. A novel 
pentadecapeptide, BPC 157, blocks the stereotypy produced acutely by amphetamine and the development of haloperidol-induced 
supersensitivity to amphetamine. Biological psychiatry. 1998 Apr 1;43(7):511-9.

13. Jelovac N, Sikirić P, Ručman R, Petek M, Perović D, Konjevoda P, Marović A, Seiwerth S, Sumajstorčić J, Dodig G, Perić J. A novel 
pentadecapeptide, BPC 157, blocks the stereotypy produced acutely by amphetamine and the development of haloperidol-induced 
supersensitivity to amphetamine. Biological psychiatry. 1998 Apr 1;43(7):511-9.

14. Staresinic M, Petrovic I, Novinscak T, Jukic I, Pevec D, Suknaic S, Kokic N, Batelja L, Brcic L, Boban-Blagaic A, Zoric Z. Effective therapy of 
transected quadriceps muscle in rat: gastric pentadecapeptide BPC 157. Journal of orthopedic research. 2006 May 1;24(5):1109-17.

86



References

15. Staresinic M, Sebecic B, Patrlj L, Jadrijevic S, Suknaic S, Perovic D, Aralica G, Zarkovic N, Borovic S, Srdjak M, Hajdarevic K. Gastric 
pentadecapeptide BPC 157 accelerates healing of transected rat Achilles tendon and in vitro stimulates tendoncytes growth. Journal of 
orthopedic research. 2003 Jan 1;21(6):976-83.

16. Kralj T, Kokot A, Kasnik K, Drmic D, Zlatar M, Seiwerth S, Sikiric P. Effects of pentadecapeptide BPC 157 on Experimental Rat Model of Dry 
Eye. The FASEB Journal. 2017 Apr 1;31(1 Supplement):993-3.

17. Lazić R, Gabrić N, Dekaris I, Bosnar D, Boban-Blagaić A, Sikirić P. Gastric pentadecapeptide BPC 157 promotes corneal epithelial 
defects healing in rats. Collegium antropologicum. 2005 Jun 15;29(1):321-5.

18. Chang CH, Tsai WC, Lin MS, Hsu YH, Pang JH. The promoting effect of pentadecapeptide BPC 157 on tendon healing involves tendon 
outgrowth, cell survival, and cell migration. Journal of applied physiology. 2010 Oct 28;110(3):774-80.

19. Šebečić B, Nikolić V, Sikirić P, Seiwerth S, Šoša T, Patrlj L, Grabarević Ž, Ručman R, Petek M, Konjevoda P, Jadrijević S. Osteogenic effect 
of a gastric pentadecapeptide, BPC-157, on the healing of segmental bone defect in rabbits: a comparison with bone marrow and 
autologous cortical bone implantation. Bone. 1999 Mar 1;24(3):195-202.

20. Sikiric P, Seiwerth S, Brcic L, Blagaic AB, Zoricic I, Sever M, Klicek R, Radic B, Keller N, Sipos K, Jakir A. Stable gastric pentadecapeptide
BPC 157 in trials for inflammatory bowel disease (PL-10, PLD-116, PL 14736, Pliva, Croatia). Full and distended stomach, and vascular 
response. Inflammopharmacology. 2006 Dec 1;14(5-6):214-21.

21. Sikiric P, Jelovac N, Jelovac-Gjeldum A, Dodig G, Staresinic M, Anic T, Zoricic I, Rak D, Perovic D, Aralica G, Buljat G. 
Pentadecapeptide BPC 157 attenuates chronic amphetamine-induced behavior disturbances. Acta pharmacologica Sinica. 2002 
May;23(5):412-22.

22. Masnec S, Kokot A, Zlatar M, Kalauz M, Kunjko K, Radic B, Klicek R, Drmic D, Lazic R, Brcic L, Radic R. Perforating corneal injury in rat and 
pentadecapeptide BPC 157. Experimental eye research. 2015 Jul 1;136:9-15.

23. Gabric N, Lazic R, Dekaris I, Bosnar D, Cima I, Boban-Blagaic A, Sikiric P. Pentadecapeptide BPC 157 and its role in corneal epithelial 
injuries healing in rats. Investigative Ophthalmology & Visual Science. 2003 May 1;44(13):3821-.

24. Cerovecki T, Bojanic I, Brcic L, Radic B, Vukoja I, Seiwerth S, Sikiric P. Pentadecapeptide BPC 157 (PL 14736) improves ligament healing 
in the rat. Journal of orthopaedic research. 2010 Sep 1;28(9):1155-61.

25. Jelovac N, Sikiric P, Rucman R, Petek M, Marovic A, Perovic D, Seiwerth S, Mise S, Turkovic B, Dodig G, Miklic P. Pentadecapeptide BPC 
157 attenuates disturbances induced by neuroleptics: the effect on catalepsy and gastric ulcers in mice and rats. European journal of 
pharmacology. 1999 Aug 20;379(1):19-31.

87



References
26. Šebečić B, Nikolić V, Sikirić P, Seiwerth S, Šoša T, Patrlj L, Grabarević Ž, Ručman R, Petek M, Konjevoda P, Jadrijević S. Osteogenic effect 
of a gastric pentadecapeptide, BPC-157, on the healing of segmental bone defect in rabbits: a comparison with bone marrow and 
autologous cortical bone implantation. Bone. 1999 Mar 1;24(3):195-202.

27. Balenovic D, Bencic ML, Udovicic M, Simonji K, Hanzevacki JS, Barisic I, Kranjcevic S, Prkacin I, Coric V, Brcic L, Coric M. Inhibition of 
methyldigoxin-induced arrhythmias by pentadecapeptide BPC 157: a relation with NO-system. Regulatory peptides. 2009 Aug 7;156(1-
3):83-9.

28. Sikiric P, Seiwerth S, Rucman R, Turkovic B, Stancic Rokotov D, Brcic L, Sever M, Klicek R, Radic B, Drmic D, Ilic S. Toxicity by NSAIDs. 
Counteraction by stable gastric pentadecapeptide BPC 157. Current pharmaceutical design. 2013 Jan 1;19(1):76-83.

29. Hsieh MJ, Liu HT, Wang CN, Huang HY, Lin Y, Ko YS, Wang JS, Chang VH, Pang JH. Therapeutic potential of pro-angiogenic BPC157 is 
associated with VEGFR2 activation and up-regulation. Journal of Molecular Medicine. 2017 Mar 1;95(3):323-33.

30. Keremi B, Lohinai Z, Komora P, Duhaj S, Borsi K, Jobbagy-Ovari G, Kallo K, Szekely AD, Fazekas A, Dobo-Nagy C, Sikirić P. 
Antiinflammatory effect of BPC 157 on experimental periodontitis in rats. Journal of physiology and pharmacology. 2009 Jan 1;60(7):115-22.

31. Sikric P, Suran J, Drmic D, et al. Stable anti-ulcer gastric pentadecapeptide BPC 157 also for multiple sclerosis: Counteraction of 
cuprizone brain injuries and motor disability. FASEB 2013;27(1)

32. Tudor M, Jandric I, Marovic A, et al. Traumatic brain injury in mice and pentadecapeptide BPC-158 effect. Regul Pept 2010;160(1- 3):1-
3.

33. Blagaic AB, Blagaic V, Romic Z, et al. The influence of gastric pentadecapeptide BPC-157 on acute and chronic ethanol 
administration n mice. Eur J Pharmacol 2004;499(3):285-90.

34. Sikiric P, Separovic J, Anic T, Buljat G, Mikus D, Seiwerth S, et al. The effect of pentadecapeptide BPC 157, H2-blockers, omeprazole and 
sucralfate on new vessels and new granulation tissue formation. J Physiol Paris 1999; 93: 479-85.

35. Sikiric P, Seiwerth S, Grabarevic Z, Rucman R, Petek M, Jagic V, et al. Pentadecapeptide BPC 157 positively affects both nonsteroidal

anti-inflammatory agent-induced gastrointestinal lesions and adjuvant arthritis in rats. J Physiol Paris 1997; 91: 113-22.

36. Sikiric P, Seiwerth S, Rucman R, et al. Toxicity by NSAIDs. Counteraction by stable gastric pentadecapeptide BPC 157. Curr Pharm 
Design 2013;19(1):76-83.

37. Chang, CH, Tsai, WC, Hsu, YH, et al. Petadecapeptide BPC-157 enhances the growth hormone receptor expression in tendon 
fibroblasts. Molecules 2014;19:19066-19077.

88



References

38. Tohyama Y, Sikiric P, Diksic M. Effects of pentadecapeptide BPC-157 on regional serotonin synthesis in the rat brain: alpha-methyl- L-
Tryptophan autoradiographic measurements. Life Sci 2004;76(3): 345-57.

39. Stambolija V, Stambolija TP, Holjevac JK, Murselovic T, Radonic J, Duzel V, Duplancic B, Uzun S, Zivanovic-Posilovic G, Kolenc D, Drmic 
D. BPC 157: The counteraction of succinylcholine, hyperkalemia, and arrhythmias. European journal of pharmacology. 2016 Jun 15;781:83-
91.

40. Petrovic I, Dobric I, Drmic D, Sever M, Klicek R, Radic B, Brcic L, Kolenc D, Zlatar M, Kunjko K, Jurcic D. BPC 157 therapy to detriment 
sphincters failure-esophagitis-pancreatitis in rat and acute pancreatitis patients low sphincters pressure. Journal of physiology and 
pharmacology. 2011 Oct 1;62(5):527.

41. Turkovic B, Sikric P, Seiwerth S, et al. Gastric Pentadecapeptide Bpc 157. a New Stable Peptide in Clinical Phase II for Inflammatory 
Bowel Disease (Pliva. PL-14736) as Therapy for HSV-1 and Hsv-2 Infection. Gastroenterology 2003;124(4):A560

42. Stambolija V, Stambolija T, Holjevac J, et al. BPC 157: The counteraction of succinylcholine, hyperkalemia, and arrhythmias. Eurp J 
Pharm 2016

43. Lovric-Bencir M, Sikiric P, Hanzevacki JS, et al. Doxorubicine-Congestive Heart Failure-Increased Big Endothelin-1 Plasma Concentration: 
Reversal by Amlodipine, Losartan, and Gastric Pentadecapeptide BPC157 in Rat and Mouse. J Pharm Sci 2004;95:19-26.

44. Jandric I, Vicic H, Balen MJ. Salutary Effect Of Gastric Pentadecapeptide Bpc 157 In Two Different Stress Urinary Incontinence Models In 
Female Rats. Med Sci Monitor 2013;19:93-102

89


