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Previous publications and current research 
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-  Endogenous plant antimicrobials are effective against 
bacteria 

-  Some botanicals are as effective as conventional antibiotics 

-  Bacteria is able to form resistance to conventional and 
botanical antibiotics 

-  New insights into possible mechanisms of action 



Selecting for resistant colonies 
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Original  
 Culture 5µ 4µ 1µ 

24 Hours 

3µ 2µ 
Tincture 

1µ/mL to each tube 
Increasing amounts of  

tincture 



S. aureus model 
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Ineffective Antibacterial Tinctures  



Effective Antibacterial Tinctures  



7 

Side by side comparison 
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Tinctures are effective anti-bacterials 

We found multiple tinctures that prove to be effective antimicrobials 
-  In some cases more effective than pharmaceutical antibiotics 
 
Not all tinctures were effective 
-  These tinctures could be immune modulators 
-  They were not effective antimicrobials in vitro 
 
 

Can bacteria become resistant to Botanical Tinctures? 
 
 
 



Selecting for resistant colonies 
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15 days 

Original  
Culture 

1 5432 2 6543

10 30 25 20 15 

24 Hours 

Resistant Bacteria 
4 65 87



Acquired resistance of bacteria 
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7.5-fold MIC increase  3-fold MIC increase  

4-fold MIC increase  3-fold MIC increase  



Bacteria can develop resistance to tinctures 
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Bacteria is able to create resistance to botanical tinctures 
-  Different tinctures produced different levels of resistance 
 
There was cross resistance amongst tinctures 
-  Suggesting that bacteria was able become multi-tincture resistant 
-  Indicating that the tinctures function with different mechanisms 

 
Can resistance to botanical tinctures confer resistance to 

pharmaceutical antibiotics? 
 
 
 



Diffusion Disk Assay 
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Original Bacteria Resistant Bacteria 



Diffusion Disk Assay 
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Original Bacteria Resistant Bacteria 



Diffusion Disk Results 
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Note: A higher bar value indicates less resistance  



β-lactams 

Possible Mechanisms 
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Quinolones 
 

-Tincture 3 
-Tincture 4 

-Tincture 1 
-Tincture 2 

Quinolone 
 
β-lactams 

Efflux Pump 
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B-Lactam Mechanism of action 
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Testing our hypothesis 
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B-Lactam results 
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Quinolone Mechanism of action 
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Quinolone Mechanism of action 
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Positive Charge Positive Charge 
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Quinolone Deactivate Gyrase 
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Quinolone Deactivate Gyrase 
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Quinolone Deactivate Gyrase 
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Gyrase assay results 
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Inactivation of resistance 

In order to prove the mechanism of bacterial resistance,  
we developed an assay to reverse it 
 
Clavulanic Acid is a β-lactamase inhibitor 
- It blocks the action of bacterial β-lactamase enzymes 
 
Reserpine blocks the action of efflux pumps 
- Reserpine is a competitive inhibitor of efflux pumps 
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Inactivation of resistance 

Resistant  
Culture 

51 432

51 432 C

No resistance inhibitor 

 Resistance inhibitor added 
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Inactivation of resistance 

Reserpine inhibits efflux pumps, a common mechanism of resistance 
against quinolones   

Reserpine blocks efflux pump action 
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Inactivation of resistance 

Clavulanic acid inhibits β-lactamases, a common mechanism of resistance 
against β-lactams.  

Clavulanic acid blocks β-lactamase activity 
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Inactivation of resistance 

Clavulanic acid inhibits β-lactamases, a common mechanism of resistance 
against β-lactams.  

Reserpine inhibits efflux pumps, a common mechanism of resistance 
against quinolones   
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Antibiotics should be used with care 

-  Unrestrained use of ABX sickens 2.25 million Americans each years  
-  37,000 are killed 
 
-  MRSA and and other resistant strains infect at least 2 million people in the US 
-  Resistant bacteria kills at least 23,000 

-  At least 250,000 people are infected with C. Difficile every year 
-  14,000 will die 

-  80% of the antibiotics used in the united states are fed to cattle 
-  Not to prevent disease, but to increase growth (more profit) 
  

In the 1980’s, 29 new antibiotics were approved; another 
23 were approved during the 1990’s. 

 However, only nine new drugs made it to market from 
2000 - 2010 
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You diagnose a patient with a viral cold. Would you: 
 
a) Prescribe a pharmaceutical antibiotic 
b) Prescribe a botanical antimicrobial 
c)  Never prescribe a botanical tincture 
d) Use the hierarchy of naturopathic treatment to heal the patient 

Case study questions: 
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You have been using botanicals for decades, and you have never 
experienced any patient adverse effects because 
 
a) Botanicals are 100% safe 
b) Botanicals are not as widely used as antibiotics 
c)  Botanicals work 100% of the time 
d) My patients always follow through with 100% compliance 

Case study questions: 
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A patient presents with a bacterial infection, you would like to 
treat with a botanical tincture. You should 
 
a)  Treat with single antibiotics, botanicals don’t work 
b)  Treat with single herbs, to find out which herb works best 
c)  Send him  to the emergency department 
d)  Treat with a botanical mix, in order to maximize effectiveness 

and prevent bacterial resistance 

Case study questions: 

Reserpine is an alkaloid from the Rauwolfia Vomitoria plant 
-Caution, it is a teratogen  
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We should own this knowledge 

-  Further studies should be done to characterize mechanisms 
of more herbs 

-  Exploration into other herbs should be done to discover new 
novel antibiotics 

-  Botanical antimicrobials should be used with care to avoid 
the mistakes made with pharmaceutical antibiotics 

-  Further safety and toxicity studies should be done to be 
better equipped in the use of antimicrobial botanicals 



1.  Several botanical extracts, including were 
found  to be highly effective in inhibiting S. 
aureus replication. 

2.  S. aureus, and likely other bacteria, can 
develop resistance to anti-bacterial 
botanical extracts. 

3.  Botanical extracts that are used for 
antibiotic purposes, should be used under 
the supervision of a trained professional. 

 
4.  Antimicrobial botanical characterization, 

will help us understand the use of 
botanical extracts and could lead to the 
development of new antibiotics. 

 
 
 

Conclusions 
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In conclusion 



If you are interested in our research, would like to be involved 
 or up to date with our discoveries, please email  

 
g.ruiz@scnm.edu  

 
Or visit the Southwest College of Naturopathic Medicine and 

receive a tour of our facilities.  
 

Southwest College of Naturopathic Medicine 
2140 East Broadway Road, Tempe, AZ 85282 

 
 
 

Conclusions 
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Contact Information 


