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Background
• During the last decade, both gram-negative and gram-positive bacteria that

are resistant to most or all available antibacterial classes have become
increasingly prevalent (5).

• Resistance to antibiotics has emerged in bacteria due to selective pressure of
antibiotic use in humans and domestic animals (6).

• Staphylococcus aureus is responsible for an increasing number of
nosocomial infections and at the same time exhibits increased resistance to
antibiotics (1).

• Methicillin-resistant S. aurues (MRSA) has become a leading cause of skin
and soft tissue infections (3).

• Group A streptococci (Str. pyogenes) are the most frequent cause of
pharyngitis and skin infections in children and lead to post-infection
complications including rheumatic fever and glomerulonephritis (5).

• In examining the traditional Native American medicine practices in
California, we found that the Heteromeles arbutifolia (Figure 1) was used
by many tribes including Sierra Miwok, Karok, Wappo, Pomo, Maidu, and
Yuki to treat a variety of health issues including skin infections (1, 2, 3, 4).

• Although a wide variety of plants are being tested for antimicrobial
properties, no literature was found on antimicrobial action of H. arbutifolia.

Abstract
The rise of bacterial resistance to conventional antibiotics makes the need for new antibiotics
critical. Plants have been used for centuries by traditional healers and may provide new
antimicrobials. Toyon (Heteromeles arbutifolia) is one such plant having been used historically by
indigenous people of California to treat skin wounds and gastrointestinal problems. A literature
review produced no reported studies on the efficacy of its use as an antimicrobial. Our purpose is
to investigate whether toyon has antibacterial properties. Toyon berries and leaves were collected
from the California Coast Ranges. Ethanolic extracts (500 mg/mL) were prepared by grinding the
seeds in 70% ethanol and sterilizing with membrane filtration. Antibacterial activity was
determined using disk-diffusion assays against four gram-positive bacteria and three gram-negative
bacteria. The extract inhibited gram-positive bacteria except Mycobacterium. Serial dilutions of the
extract were used to determine the minimum inhibitory concentrations (MICs) and the minimum
bactericidal concentrations (MBCs) against Str. pyogenes and S. aureus.The MICs ranged from
0.488 – 31.3 mg/mL, and the MBCs ranged from 62.5 - 250 mg/mL. The extract did not cause cell
lysis, and therefore does not contain lysozyme. Doubling time in the presence sublethal
concentrations was evaluated as were the synergistic effects of the ethanolic extract with
conventional antibiotics. Our results suggest that toyon contains effective antibacterial agents.
These are valuable finding as they may help to lead to the development of affordable plant-based
antimicrobials to which bacteria do not show resistance.

Methods & Materials
1. H. arbutifolia berries and leaves were collected in the California Coast

Ranges.
2. 0.5 g/mL extracts were prepared by grinding H. arbutifolia berries or leaves

in 70% ethanol, methanol, acetone, and water. Ethanol was determined to be
the most effective solvent and was used in all subsequent testing.

3. For the disk diffusion assays, 20 µL of extract was absorbed into paper disks,
and 20 µL of solvent was used as a negative control (Figure 3). 10 µg disks
of ampicillin were used as positive controls for gram-positive bacteria, and
100 µg disks of carbenicillin were used for gram-negative. 30 µg disks of
vancomycin were used for MRSA. All antibiotic disks used are manufactured
by Hardy Diagnostics. Mueller-Hinton agar plates were inoculated with:
Staphylococcus aureus (ATCC 27659), Methicillin-resistant Staphylococcus
aureus (MRSA, ATCC 43300), Streptococcus pyogenes (ATCC 19615),
Enterococcus faecalis (ATCC 19433), Streptococcus mutans (ATCC 25175),
Mycobacterium phlei (Wards 85W1691), Pseudomonas aeruginosa (ATCC
10145), Eschericha coli (ATCC 11775), and Shigella sonnei (ATCC 9290).

4. Minimum inhibitory concentrations (MIC) and minimum bactericidal
concentrations (MBC) for the ethanolic extracts for both leaf and berry were
determined using serial dilutions (250 mg/mL to 0.977 mg/mL) in cell well
plates and by subculturing in tryptic soy broth after 24 hr incubation at 35°C.

5. Lysozyme activity was determined by using 50 mg/mL ethanolic berry
extract inoculated with Micrococcus luteus; absorbance was recorded at 540
nm.

6. The effects of a sublethal concentration of the ethanolic extracts were
investigated by inoculating tryptic soy broth (TSB) containing the ethanolic
leaf extract MIC in Nephalo flasks and recording absorbance at 540 nm.
Equal amounts of ethanol in TSB were used for controls.

7. Synergy between the 0.5 g/mL ethanolic berry and leaf extracts with the
following antibiotics was tested in disk diffusion assays: (Figure 2)

erythromycin disk (Hardy Diagnostics, 15 µg)
chloramphenicol (Hardy Diagnostics, 30 µg)
oxacillin (Hardy Diagnostics, 1 µg)
sulfisoxazol (Hardy Diagnostics, 250 µg)
cephalothin (Hardy Diagnostics, 30 µg)
ampicillin (Hardy Diagnostics, 10 µg)
carbenicillin (Hardy Diagnostics, 100 µg)

Results
• The ethanolic extract was the most effective in disk diffusion assay. No

further testing with methanolic, aquaeous, and acetonic extracts was done.
• Ethanolic extracts of both berries and leaves of H. arbutifolia inhibited the

growth of gram-positive bacteria except Mycobacterium (Figure 3).
• MBCs for the berry and leaf ethanolic extract ranged from 6.25 mg/mL (Str.

pyogenes) to 250 mg/mL (Sta. aureus) (Table 1).
• Doubling time for control MRSA, Sta. aureus, and Str. pyogenes is 0.5 hr

compared to 2.5 hr for Sta. aureus in 15.6 mg/mL ethanolic leaf extract, 5
hrs for MRSA in 31.3 mg/mL ethanolic leaf extract, and 16 hrs for Str.
pyogenes in 0.488 mg/mL ethanolic leaf extract (Figure 4).

• The ethanolic extracts do not show synergy with the antibiotics tested
against MRSA or Str. pyogenes (see Figure 2).

• H. arbutifolia does not cause lysis of bacterial cells. This plant does not
produce lysozyme.

Hypothesis
Heteromeles arbutifolia contains antimicrobial agents that may be effective for
treating infections.

Figure 1. Heteromeles
arbutifolia, toyon or
Christmas berry, is in the
Rosaceae. It grows
throughout the California
Coast ranges and Sierra
Nevada foothills.

Table 1. MICs and MBCs of ethanolic extracts (mg/mL)
MIC MBC

Berry extract
Sta. aureus NT 250
MRSA NT NT
Str. pyogenes NT 6.25

Leaf extract
Sta. aureus 15.6 250
MRSA 31.3 250
Str. pyogenes  0.45 6.25
NT = Not tested

Figure 3. Average zones of inhibition in disk diffusion assays. Ethanolic leaf and berry
extracts are most effective against Str. pyogenes. Zones for extracts and negative controls
include 10 mm disks. Error bars represent uncertainty within 5%.

Figure 4. Doubling time
of MRSA, Sta. aureus,
and Str. pyogenes. The
doubling time of Sta.
aureus was 5 times slower
in the plant extract than
the control, Str. pyogenes
was 32 times slower, and
MRSA was 10 times
slower.

Discussion & Conclusion
• The rise of bacterial resistance to conventional antibiotics is a pandemic that

needs to be addressed.
• The ethanolic leaf extract and berry extracts are effective in inhibiting MRSA

when compared to oxacillin.
• The experiments presented show promise that H. arbutifolia can treat MRSA

infections.
• This work validates the traditional medicinal use of H. arbutifolia to treat skin

infections.

Future Studies
• Toxicity needs to be tested.
• HPLC to isolate the active compounds needs to be preformed.
• Mass spectrophotometry will be used to classify and characterize the antibacterial

compounds.

Figure 2. No synergy was observed between the ethanolic seed extract and
oxacillin against MRSA.


