
 
 

The Gut Connection – �
How Biofilms, LPS and Intestinal Permeability 

Influence Systemic Inflammation�
�

Dr. Rachel Fresco, L. Ac., Ph. D 

©2014 Rachel Fresco. Reproduce with permission only. All Rights Reserved 



Anatomy of a Biofilm 

•  Communities of microbial cells surrounded by a 
secreted polymer, called the extracellular 
polymeric substance or EPS which is an endotoxin. 

•  Discovered by Anton Von Leeuwenhook the “father 
of microbiology” when he inspected dental plaque 

•  Composed of multiple organisms, including both 
aerobic and anaerobic bacteria and/or fungal 
species 

•  More than 80% of all microbial infections have 
developed biofilms beginning in as little as two 
weeks from the onset of infection 
 

•  Cause 2 million HAI infections and 100,000 deaths 
annually  

•  Biofilm bacteria can resist up to 5000 times the 
antibiotic concentration that would normally be 
needed to resolve infections.  



 Chronic Sinusitis  
Biofilms of both yeast and/or bacteria 
are found in 80% of patients undergoing 
sinus surgery. 
 

 Pulmonary Infections 
Bacterial and fungal biofilms can cause 
chronic infection such as pneumonia, 
cystic fibrosis, and tuberculosis.  
 

 Kidney Stones  
Stones consist of a complex composed 
of bacterial biofilm, and mineralized 
stone material. 
 

 Heart Disease  
Inflammation of the smooth membranes 
which line the inside of the heart is 
caused by a complex biofilm composed 
of both bacterial LPS and host 
components. Biofilms have been found 
on stents and other cardiac prosthetics. 

Staph aureus biofilm  
on a catheter  

Pseudomonas A. biofilm 
inside the alveoli in the 

lung 

Biofilm Associated Infections 

MRSA 



Inner Ear Infections  
The majority of ear infections, (OM) are caused by 
biofilm bacteria and or fungal infection. OM is the 
most common illness for which children visit a 
physician, receive antibiotics, or undergo surgery 
in the United States. Two thirds of post operative 
tissue cultures have biofilms. 

Periodontal Disease  
Over 5000+ microbial biofilm species colonize the 
human mouth, causing tooth decay and chronic 
gum disease, and these bacteria can migrate 
throughout the body causing a variety of 
infections.  

In many cases of periodontal infection C. albicans 
and S. aureus co-colonization makes it difficult to 
treat. 
 
Chronic Wounds  
Biofilms have been implicated in chronic wounds, 
including antibiotic resistant Staph such as MRSA. 

Otitis Media Biofilm 
 

Biofilm Associated Infections 

Dental Biofilm 

MRSA 



Autism, MS, Lyme 

 Chronic Neuro-Excitotoxicity 
 
Brain and nerve cell loss, as seen in 
Autism, MS, and Parkinson’s 
 
50-70% of MS patients test positive 
for infection. 80-100% of autistic 
children have abnormal yeast and 
bacterial loads. 

 Biofilm Infections Found Include: 
 
Yeast 
Bacteria 
Viruses 
Parasites 
Lyme Disease and co-infections 
Mycoplasma 
 
Chronic infections need to be 
treated to stop persistent activation 
of microglia and nervous system 
damage. 

Resting Microglia 

Activated Microglia 



Figure 1: Confocal microscope images of activated microglial cells MHC II (green OX-6 positive) in the 
Dentate Gyrus. Rats infused with aCSF (A) had only a few activated microglia scattered throughout the 

brain. Chronic infusion of LPS into the 4th ventricle produced high activated microglia distributed 
throughout the hippocampus (B). Higher magnifications of an activated microglia (C, D!

Rosi S, Ramirez-Amaya V, Hauss-Wegrzyniak B, Wenk GL - J Neuroinflammation (2004)!!
!
#

Neuro-inflammation plays a 
prominent role in the progression of 

Alzheimer's disease#

LPS causes activated Microglia#

Chronic brain inflammation leads 
to a decline in hippocampal 

NMDA-R1 receptors#





SIBO  -Small Intestine Bacterial Overgrowth 

Of the 42 fibromyalgia patients, 100% were positive for SIBO. overgrowth !
!

LPS From Viral Infected E. Coli 
!
Theophil Hey, MD and colleagues found that 80% or more of those with fibromyalgia are harboring a 
virus. It isn’t a human virus, but it is a virus that infects the E coli bacteria that is living in their 
intestines. His testing showed that only 12% of the people without fibromyalgia had this infection. 
When a group of fibromyalgia patients were tested during a flair of symptoms, 62 out of 63, or 98% 
tested positive for this problem.!
!
When the infected E coli die, they burst and produce fragments of the E coli shell. Gram-negative 
bacteria, like E. coli, have a layer in their shell of a fatty substance called lipopolysaccharide (LPS). 
LPS is highly toxic to humans.!



The present study examines the serum concentrations of IgA and IgM to LPS of gram-negative 
enterobacteria, i.e. Hafnia Alvei; Pseudomonas Aeruginosa, Morganella Morganii, Pseudomonas 
Putida, Citrobacter Koseri, and Klebsielle Pneumoniae in CFS patients both before and after intake of 
natural anti-inflammatory and anti-oxidative substances (NAIOSs), such as glutamine, N-acetyl 
cysteine and zinc, in conjunction with a leaky gut diet during 10-14 months. !
!
The results show that normalization of the IgA and IgM responses to translocated LPS may predict 
clinical outcome in CFS.!
!
The results support the view that a weakened tight junction barrier with subsequent gut-derived 
inflammation is a novel pathway in CFS.#

J Affect Disord. 2007 Apr;99(1-3):237-40. Epub 2006 Sep 27.!
!
Increased serum IgA and IgM against LPS of enterobacteria in chronic fatigue 
syndrome (CFS): indication for the involvement of gram-negative enterobacteria in the 
etiology of CFS and for the presence of an increased gut-intestinal permeability.#
Maes M1, Mihaylova I, Leunis JC!



In summary, the systemic injection of LPS resulted in 
the reactivation of Collagen-induced arthritis in mice 
that was associated with the increased production of 

anti-CII IgG and IgG2a antibodies as well as the 
enhanced secretion of cytokines including IL-12, IFN-
γ, IL-1β, and TNF-α. Thus, LPS may play a role 
in the exacerbation of autoimmune diseases.!



These results suggest that molecular associations 
between LPS/TLR4/collagen type II in chondrocytes 

up-regulate the NF-kappaB and PI-3K signalling 
pathways and activate pro-inflammatory activity.	




Thus, LTA shares with LPS endotoxin many of its pathogenic 
properties. In animal studies, LTA has induced arthritis, nephritis, 

uveitis, encephalomyelitis, meningeal inflammation, and 
periodontal lesions, and also triggered cascades resulting in septic 

shock and multi-organ failure. 	




Perforation of the GI lining by pathogenic 
bacteria, yeast or parasites, resulting in LPS 
and LTA endotoxin translocation. 
 
 

Biofilms, LPS, LTA in G.I. Disease 
Intestinal Dysbiosis and Leaky Gut Syndrome 



Chronic GI Dysbiosis: 
 

Linked to arthritis, cardiac disease, fibromyalgia, 
auto-immune disorders,  
nerve and brain cell inflammation. 

 Candida 
Hyphal forms invade epithelial cells and cause 
tissue damage. Toxic by-products of yeast such as 
acetaldehyde are carried to distant parts of the 
body including the brain. AH damage to red blood 
cells impairs oxygen transport.  
(20% of oxygen intake is used by the brain). 
 
C. Difficile Infection  
3 million cases in hospitals in the US, one study 
found 20% of nurses uniforms contaminated by the 
end of a workday. Not killed by alcohol, soap and 
water or bleach is needed. 
 
Chronic Inflammation 
Seen in acid reflux, GERD, colitis,  
Crohn’s disease. 
 
Neurotransmitter Disregulation 
Sleep and mood disturbances.   C. Difficile Biofilm 



Bacterial lipopolysaccharides (LPS) variably 
modulate in vitro biofilm formation of 

Candida species. 

15!



Zonulin and Systemic Inflammation: 
Celiac / Gluten Intolerence and Leaky Gut Syndrome 

When the finely-tuned Zonulin pathway is deregulated in genetically susceptible 
individuals, both intestinal and extra-intestinal autoimmune, inflammatory, and 
neoplastic disorders can occur. 

 
Mechanisms of gliadin-induced zonulin release, increased intestinal permeability, and onset of autoimmunity.  
From Zonulin and Its Regulation of Intestinal Barrier Function: The Biological Door to Inflammation, Autoimmunity, and Cancer 

Dr. Alessio Fasano       
Director 
Center for Celiac Research 
Mass General Hospital  
for Children  
 
www.celiaccenter.org 



Lipopolysaccharides (LPS) are endotoxins comprised of 
structural components of Gram-negative bacteria that 
may be discovered in plasma through an Intestinal 
Antigenic Permeability Screen. The presence of LPS in 
the blood is a ”smoking gun” for intestinal permeability 
caused by intestinal dysbiosis, and may indicate a 
chronic biofilm encapsulated infection 
 
 

LPS, Zonulin and Systemic Inflammation: 
Intestinal Dysbiosis and Leaky Gut Syndrome 

Intestinal Antigenic Permeability 
Screen 
 
Actomyosin IgA 
 
Occludin/Zonulin IgG 
 
Occludin/Zonulin IgA 
 
Occludin/Zonulin IgM 
 
Lipopolysaccharides (LPS) IgG 
 
Lipopolysaccharides (LPS) IgA 
 
Lipopolysaccharides (LPS) IgM 
 
www.cyrexlabs.com 



Ann. N.Y. Acad. Sci. 1165: 195–205 (2009) 

18!

Elevated serum zonulin was detected 
in 70% of autoimmune subjects#



Among the several potential intestinal luminal 
stimuli that can trigger zonulin release, we identified 

small intestinal exposure to bacteria and gluten as 
the two more powerful triggers.  

Physiol Rev 91: 151–175, 2011 

19!



“Emerging evidence has suggested the involvement of 
environmental factors such as infections and xenobiotics, 
and some dietary proteins and their antibodies in the 
pathogenesis of many autoimmune diseases. "
"
These antibodies appear in the blood years before 
presentation of symptoms in various disorders. Therefore, 
these antibodies may be used as biomarkers for early 
detection of various diseases.”!

ALTERNATIVE THERAPIES, jan/feb 2013, VOL. 19, NO.1 
 Dr. Aristo Voljdani, Ph. D. 

Autoimmune Disease!



Translocation of microbial products and the resulting 
immune activation have not only local consequences 

within the GI tract, but are also associated with systemic 
dissemination of LPS and systemic immune activation 

Mucosal Immunol. 2010 July ; 3(4): 387–
398. 

21!



LPS and Systemic Inflammation: 
 

Clinical Goals: 

①  Eliminate GI Dysbiosis due to pathogenic bacteria, yeast, fungus and parasites 

② Address Biofilms and systemic infections, reduce LPS, LTA translocation 

③ Ozone Treatments to address pathogens and speed healing 

④  Eliminate Food Allergens/sensitivities and excess sugars from the diet.  

⑤ Support detoxification: liver and toxic metals, LPS burden 

⑥ Raise antioxidants/reduce inflammation such as glutathione, ALA, EPA/DHA,  

⑦ Support beneficial organisms with pre and probiotics. 

⑧ Heal gut lining with Vit D-3, L-glutamine, other support supplements 

 These are really fundamental protocols in any patient with chronic inflammation 
 or any long term illness.  

 

Super-GI-Dysbio-Inflammatory Problem??  
 
A condition caused or exaggerated by altered 
intestinal ecology due to diet and/or the presence of 
pathogens which alter intestinal permeability, 
creating translocation of endotoxins such as LPS and 
LTA and leading to systemic inflammation. 
!



 Can be life-saving, 
however… 

 Overuse has lead to resistant 
strains and pollution of the 
environment. 

 Are often ineffective in Biofilm and 
“superbug”related infections 

 May disturb normal GI flora, 
causing overgrowth of yeast or 
bacteria, as seen in C. Difficile 
infection 

 Research suggests botanicals may 
assist antibiotic effectiveness 

Antibiotic Therapy 

Antibiotics known to cause  
C. Difficile: 
 
Clindamycin 
Ampicillin 
Amoxicillin 
Cephalosporins 
 
Occasionally cause C. Difficile: 
Penicillin 
Erythromycin 
Ciprofloxacin 



5 Methods of Biofilm Control:  
Utilizing Plant Based Medicines 

•  Inhibition of Quorum Sensing 

•  Inhibition of Initial Attachment Phase of  
Biofilm Colonies 

•  Inhibition of Swarming Motility of  
Pathogenic Organisms 

•  Efflux Pump / Multi Drug Resistance Pump 
Inhibitors  

•  Bacteriostatics / Bactericidals 
 
 
 
 
 
 



Inhibition of Quorum Sensing 

Cell signaling by organisms using auto inducers called 
Quorum Sensing determines gene expression, 
virulence, resistance, and the development of biofilms. 
 
Botanicals which 
are known to inhibit  
Quorum Sensing: 
  
- Garlic 
- Oregano 
- Bilberry 
- Bladderwrack 



Essential Oils: 
Prevention Adhesion and Disrupting or 
Destroying Biofilm Components 

 
Oregano, Tea Tree, Galbanum, and Lavender are antimicrobial essential oils used 
in the Biocidin® formula  

 Phenolics such as Thymol interact with surface proteins of bacteria, leading to an 
alteration of the cell surface and interrupt the initial attachment phase of biofilm 
formation.  
 
 Essential Oils may prove to be most useful in treating multi drug resistant gram 
negative bacteria such as Pseudomonas, Escherichia and Acinetobacter.  



Condensed Tannins:   
Powerful OPC’s Control Biofilm Development by  
Inhibition of Swarming Motility of Pathogenic 
Organisms 
 

  

Representative images of P. aeruginosa swarming 
motility under control conditions (A) and in the 

presence of Cranberry (B) and Pomeranate (C) (both 
100 µ/ml). 

Grape Seed and Bilberry contain condensed 
tannins that prevent adherence of biofilms, 
and may inhibit swarming motility of 
bacteria. 

OPC’s are also potentiators for Vit C, 
providing numerous benefits in cellular 
health and anti-aging medicine. 



  

 
Efflux Pump Inhibitors: 
Inhibition of Multi Drug Resistance Pumps 

  

Biocidin® and Olivirex® formulas contain 
tannins, berberine, and certain phenolics which 
have useful effects as efflux pump inhibitors. 
 
Research indicates that these botanicals can 
potentiate conventional antibiotics and increase 
their effectiveness against a variety of both 
gram positive and gram negative organisms.  
 
Goldenseal, Black Walnut, White Willow, 
Raspberry Leaf  Bladderwrack, Uva Ursi, and 
Garlic are a few botanicals that have been 
studied as Efflux Pump Inhibitors. 
 



 Bacterostatics: Prevent Replication of Bacteria. 
 
Berberine containing plants such as Goldenseal 
and Gentian have demonstrated powerful  
bacteriostatic action.  
 
One study showed the effectiveness of berberine 
against Staph. epidermidis, one of the most 
common causes of skin infections.  Sub-minimal 
inhibitory concentrations block the formation of S. 
epidermidis biofilm.  
 
Bactericidals: Terminate Bacteria  
 
Olive Leaf , Goldenseal, Bilberry, Grape Seed, 
Shiitake, Noni, Black Walnut, Garlic, Gentian and  
Fumitory are potent bactericides. Oregano, Tea 
Tree , Lavender and Galbanum oils are essential 
oils with excellent antimicrobial activity. 
 

Bacteriostatic and Bactericidal  
Botanicals 
 



•  Time Tested Formulations - Founded in 1989 by Dr. Rachel Fresco to address 
infection and immune function using botanical medicines.   

•  Great Smokies Diagnostic Labs, now Genova performed over 200,000 
sensitivity tests during the 6 years Biocidin was tested as a candidate, and in 
EVERY test it was the most HIGHLY SENSITIVE substance. 

•  For 26 years our formulas have been recommended by leading practitioners, 
authors and laboratories. In 2013 a University of Binghamton study showed 
effectivness in addresssing Biofilms. 

•  In-Vitro tests have demonstrated effectiveness in the same range as 
pharmaceuticals used for similar purposes, but without the potential toxicity 
and consequent side effects.  

 

 



Dysbiosis and Leaky Gut 
Candida  
Lyme and co-infections 
Skin infections 
Viral conditions 
Upper respiratory infection 
Dental/Gum infection 
Urinary tract infection 
Prostate inflammation 
Auto-immune disease 
Elderly or at risk individuals 
During heavy metal chelation 
Adjunct to cancer treatments 
Any acute or chronic infection 

•  Broad Spectrum of activity against gram positive 
and gram negative bacteria, yeast, fungus,  
parasites and viruses.  

•  Inhibition of biofilms through more than one 
mechanism of action. 

•  Acts both systemically and in the digestive 
system, and may be used in acute or chronic 
infection.  

•  Contains immune system modulators to up-
regulate the body’s own defenses.  

•  Supports clearance of toxins through activation of 
drainage pathways of the liver and kidneys. 

•  Reduces inflammation and promotes healing of 
tissues to reverse damage due to leaky gut. 

•  a synergistic blend to produce desired results 
without side effects or stress on organ systems. 

These statements have not been evaluated 
by the Food and Drug Administration (FDA). 
These products are not intended to diagnose, 

treat, cure or prevent any disease. 

Ingredients Demonstrated:!



USP Effectiveness 
Testing of Biocidin® 
 

Demonstrates inhibitory activity of 
against both gram positive and 
gram negative bacteria, yeast and 
fungus. 
 
 

Bilberry extract, Grape Seed extract, 
Milk Thistle, Echinacea, Goldenseal, 
Shiitake, White Willow, Garlic,  Black 
Walnut (hull and leaf), Raspberry, 
Fumitory, Gentian, Noni, Tea Tree oil, 
Galbanum oil, Lavender oil, Oregano 
oil 

Text 
Text 



In this VWXG\ we are determining whether Biocidin® is effective against biofilms of 
Escherichia coli, Pseudomonas aeruginosa, Candida albicans, Klebsiella pneumoniae 
and Staphylococcus aureus.  
Generally it thought that bacteria live as individual cells and currently most of the 
susceptibility tests available in the diagnostic laboratories are targeting mainly these 
single cells.  However, bacteria in their natural habitat do not live as single cells, they live 
as communities of bacteria that can sense each other by using chemical signaling 
molecules.  These communities of bacteria are commonly known as biofilms.  Biofilms 
are responsible for 80% of all infections and for most of the chronic infections.  Biofilms 
are complex, dynamic structures that react to stimulus in a coordinate behavior via 
intercellular and intracellular communication. Biofilms are also 10-1000 times less 
susceptible to antimicrobials than their planktonic counterparts (1).  However, when 
bacteria disperse from a biofilm, antibiotic sensitivity is restored (2).  The increased 
tolerance to antimicrobials by biofilms is thought to be due to several factors  (Fig. 1) 
including: 

A. The presence of an extrapolymeric substance (EPS) which functions as a 

protective barrier and delays the penetration of the antimicrobials and in some 

circumstances inactivates their activity (3) 
B. The presence of an heterogeneous cell population with difference growth rates 

population (4), 

C. The biofilm phenotype, a subpopulation of the community contains active 

mechanisms that are expressed to combat the detrimental effects of antimicrobial 
agents (5).  

D. The presence of persister cells, a tolerant population of cells that avoid killing, as 
they do not grow or die in the presence of antibiotics and are not formed as a 
response to antimicrobials; they represent specialized survivor cells whose 

production is regulated by the growth stage of the population, both in open and 

closed systems (6). 

&O£XGLD�0DUTXHV��3K'
%LQJKDPWRQ�8QLYHUVLW\�%LRORJLFDO�6FLHQFHV�'HSW�

3UHOLPLQDU\�5HSRUW�RQ�$FWLYLW\�RI�%LRFLGLQ�DJDLQVW�
0XOWLSOH�6SHFLHV�RI�%LRILOPV



Subsequently, biofilms were exposed to a fixed concentration of Biocidin® for a period of 

24 hours and cell viability was monitored.  
 

 

Figure 1. P. aeruginosa biofilms exposed to 50% Biocidin® for a period of 24 hours.  At 24 
hrs, most of the biofilm and planktonic populations were eradicated. 

   

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 
Figure 2. E. coli biofilms exposed to 50% Biocidin® for a period of 24 hours.  At 24 hrs, most 
of the biofilm and planktonic populations were eradicated. 
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Figure 3. K. pneumoniae biofilms exposed to 25% Biocidin® for a period of 24 hours.   

 
 

 

Biofilms of C. albicans were also exposed to Biocidin® but to 25% instead of 50% for a 

period of 24 hrs. However, instead of solely monitoring cell viability on agar plates (Fig. 
5), I used a live/dead stain (Invitrogen) and monitor the Biocidin® efficiency using 

confocal microscopy. Images were taken at 200x magnification zoom 5 using a confocal 

scanning laser microscope (Fig. 4). In addition, I analyzed the images using the 
COMSTAT image analysis software (Table 3) and Luminance Analyzer v1.0 (written at 

Binghamton University) (Fig. 6) for fluorescence intensity measurements.  

 

Cell viability was reduced by >99% in the bulk-liquid population and by >90% in the 
biofilm population (Fig. 5).  A significant reduction was observed in biofilm thickness, on 

the total biomass and surface area of biomass (Table 3). Exposure to Biocidin® resulted 

in a decrease of live cells or membrane non-impaired to 50%, from an original 80% live 
stained population (Fig. 6).  
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Figure 4. C. albicans biofilms exposed to 25% Biocidin® for a period of 24 hours 



Ingredients 
Olive Leaf extract (18-24% Oleuropein) 

Garlic, Goldenseal, Milk Thistle, St. John’s Wort, Uva 
Ursi, American Ginseng, Bladderwrack, Cordyceps, 

Dandelion, Noni, White Willow. 

 
 
 

•  High Oleuropein Potency	

•  Broad Spectrum Organic Olive Leaf	


•  Added Immune Modulators	

•  Detoxification Factors for Liver and Kidneys	


•  Excellent addition to Biocidin for complicated 
clinical presentations	


•  Winter Wellness (prevention or treatment)	

•  Available in 60 capsules 	


•  Viral conditions 
•  Upper respiratory infection 
•  Lyme and Co-infections 
•  Urinary tract infection 
•  Prostate inflammation 
•  Skin infections inc. MRSA 
•  Autoimmune disease 
•  Elderly or at risk individuals 
•  During heavy metal chelation 
•  Adjunct to cancer treatments 
•  Any acute or chronic infection 

These statements have not been evaluated by the Food and Drug Administration (FDA). These 
products are not intended to diagnose, treat, cure or prevent any disease. 



With Pyrophyllite Clay and  
Activated Charcoal 
 
•  Removes debris, toxins and waste 
•  Excellent support when used with 
Biocidin® or the Bioclear® Program 
•  Assists in “mop up” phase of biofilm 
treatment 

Supernatant Probiotic 
 

•  Addresses G.I. ecology 
•  Optimizes growth of beneficial flora 
•  Healing botanicals soothe intestinal 
mucosa 

Restores Vitality and Energy 
 

•  Contains traditional Chinese tonic  
adaptogenic herbs 
•  Excellent support in Chronic Fatigue 
•  Contains Artemesia for parasite clearance 
•  Targets digestion and aids detoxification 

These statements have not been evaluated by 
the Food and Drug Administration (FDA). 
These products are not intended to diagnose, 
treat, cure or prevent any disease. 



 

 
Clinical Recommendations: 

 
 
 

General Cleansing 
 

Yeast / Candida 
 

LPS / Bacterial Translocation 
 
 
 
 
 
 
 



Bacterial Infection 
 

Parasites 
 

Viral Conditions 
 

Lyme and Co- Infections 
 

Autism 
 

Prostate Infection 
 
 

Dosage  
Recommendations 

 
Chronic Conditions 

  
Maintenance 

 
Sinus Rinse 

 
Dental Infection 

 
Children 

 
Acute Onset 
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