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ABSTRACT

Empetrum nigrum, crowberry, is an arctic shrub known to have anti-microbial activity 

against Mycobacterium species and nine fungal species. Several compounds have been 

identified from the berries and the branches of E. nigrum. This report examines the 

separation of compounds from E. nigrum leaves and branches and the effects crude 

extracts have on common laboratory bacterial species. Crude extracts of the plant were 

obtained by soaking plants in solvents of various polarities. The methanol extract was 

further separated using reverse phase flash column chromatography. Following a 

reaction to remove glucose from a compound, NMR spectra were used to characterize the 

compound as an aromatic. The anti-microbial activities of the methanol and water 

extracts were tested in this project using inhibition assays. The methanol extract of the 

leaves and branches showed the most activity against Gram-negative bacteria. Further 

tests showed that the inhibition of Gram-negative bacterial growth increased as the

amount of extract increased from 10 pi to 30 pi per disk. Tests also showed that the

methanol extract did not affect the growth of Mycobacterium smegmatis. This project is 

an initial step in the long process of developing new pharmaceuticals and may prompt

further investigation into the anti-microbial properties of E. nigrum.
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INTRODUCTION

H Pharmaceutical research has increasingly focused on the study of plant derivatives as a

fundamental step in developing new medical treatments. Investments in plant research 

by pharmaceutical companies has greatly increased with the increased prevalence of 

diseases and conditions that can not be controlled with current drugs (Agosta, 1997). In 

the US, approximately 25% of prescription pharmaceuticals were originally derived from 

plants (Balandrin, 1985). Current drugs have been developed from botanical derivatives 

found around the world. Plant derived anti-cancer therapeutics, such as Taxol, from 

Taxus brevifolia (Pacific yew) and Taxus baccata (European yew) have proven very 

effective (Anonymous, 1994). Opium alkaloids from poppy plants have yielded codeine 

and morphine and served as models for similar but completely synthetic analgesics such 

as Demerol, Talwin, and Darvon (Balandrin, et al., 1985). Aspirin is a common, over- 

the-counter product derived from naturally occurring salicin in willows, Salix spp. 

(Agosta, 1997).

Although medical research continues to look towards plants for new pharmaceuticals, 

less than 10% of the estimated 250,000 flowering plant species have been studied 

(Anonymous, 1994). Arctic plants are no exception and many remain to be studied for 

their potential contribution to medical research. Empetrum nigrum is one such shrub. 

Commonly known as crowberry, it has narrow leaves on trailing woody stems and dark

ft blue berries that ripen in late summer (Fig.l; Schofield, 1989). A pharmaceutical

company, Phyton Inc., was recently interested in this plant due to its possible anti

microbial activities and initiated my primary research in isolating compounds and
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extracts from E. nigrum. Puntari and coworkers have shown that the volatile compounds 

of E. nigrum berries consist mainly of benzyl alcohol and benzoic acid (Puntari, et al., 

1984). Researchers using samples collected in British Colombia separated three 

bibenzyls and a phenanthrene derivative from the branches of E. nigrum and have shown 

their effectiveness in inhibiting the growth of certain bacteria (Matsuura, et al., 1995).

Methanol extracts from branches of E. nigrum have been shown to completely inhibit the 

growth of Mycobacterium tuberculosis and Mycobacterium avium (McCutcheon, et al., 

1997) and partially inhibit the growth of nine fungal species (McCutcheon, et al., 1994).

The water extracts of a subspecies, E. nigrum ssp. hermaphroditum, are known to impede 

the germination of pine and aspen seedlings (Zackrisson and Nilsson, 1992).

My research involved extracting compounds from the leaves and branches of E. nigrum 

using solvents of increasing polarity. Reverse phase flash column chromatography and a 

reaction to remove glucose further separated the methanol extract which was then 

analyzed by nuclear magnetic resonance. Further experimentation examined the anti

microbial activity of E. nigrum extracts on common Gram-positive and Gram-negative 

bacterial species. This is a preliminary step towards understanding the usefulness of this 

plant’s derivatives. The results may instigate further research on E. nigrum derivatives 

and possibly the development and commercialization of novel anti-microbial 

pharmaceutical products.
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METHODS AND MATERIALS

A. Plant Collection and Extraction
Empetrum nigrum plants (Fig. 1) were collected on hillsides near Tok, Alaska, during 

July 1997. The berries and roots were manually separated from the leaves and branches. 

The leaves and branches were then freeze-dried. A standard extraction procedure was 

followed with the sample of leaves and branches. First, they were soaked in methylene 

chloride for 24 h and the liquid solution was filtered through a Buchner funnel. Rotary 

evaporation and freeze-drying removed the solvent from this liquid extract. This 

procedure was repeated two more times with the same sample, first using methanol as the 

extracting solvent and then using distilled water. These crude extracts from methanol and 

water were used in sections E, F and G while the methanol extract was also further 

purified as follows.

B. Chromatography Separation

Reverse phase thin-layer chromatography (TLC) was used to obtain an appropriate 

solvent system to be used for further separation of the methanol extract in a reverse phase 

flash column. Twenty-one reverse phase flash columns were run with solvent systems of 

20%-30% acetone and 70%-80% water and 0.5 g of crude methanol extract dissolved in 

water. Fractions of 20-25 ml were collected and each was tested by reverse phase TLC 

with the same solvent system as the reverse phase flash column that separated the 

fractions. Similar fractions were combined and freeze-dried. Fractions containing more 

than one compound were further separated with the 0.5 g of methanol extract of the next 

reverse phase flash column.

C. Removal of Glucose

Fifty mg of the most polar fraction (labeled #1) isolated from the methanol extract was 

reacted with 2 ml of ether and 2 ml of 0.5 M fuming sulfuric acid. This reaction was 
repeated two more times to remove the glucose from the remaining fractions of 

compound #1. The first of these two reactions involved 400 mg of #1, 18 ml of ether, 

and 18 ml of 0.5 M fuming sulfuric acid. The second reaction involved 400 mg of #1, 20
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ml of ether, and 20 ml of 0.5 M fuming sulfuric acid. After each reaction the two layers 

were separated in a separatory funnel. Fifteen ml of ether were added to the 0.5 M 

sulfuric acid layer and mixed for 5 min. The layers were again separated. This ether 

washing was repeated three more times with 15 ml of ether and once with 11 ml of ether. 

All traces of water were removed from the combined ether solution using magnesium 

sulfate as a drying agent. The ether was then removed by rotary evaporation. The 

remaining extract mixture was separated using normal phase silica-gel column 

chromatography. Five-ml fractions were eluted from the column with a solvent system of 

7% methanol and 93% chloroform (CHCI3). The solvent was changed to 20% methanol 

and 80% CHCI3 after fraction 11 to remove any remaining compounds from the column. 

All fractions were examined by TLC with a solvent system of 20% methanol and 80% 

CHCI3. Similar fractions were combined and the solvent was removed by rotary 

evaporation.

D. Nuclear Magnetic Resonance

'Hl and 13C spectra were recorded for compound 1A in a solvent of deuterated

chloroform.

E. Anti-microbial Testing

Analyzing the anti-microbial activity of the crude extracts of E. nigrum was

accomplished by using an inhibition assay. First, five Gram-positive and five Gram

negative bacterial species (listed in Table 1 and Table 2) were obtained and streaked onto 

tryptic soy agar (TSA) plates to ensure their purity. Each of 10 tubes containing nutrient 

broth was inoculated with one species and incubated at 37°C for 2 d. Second, the two 

extracts were re-dissolved in their original solvent, methanol or water, to a concentration 

of 0.05 g/ml. Sterile filter paper disks, each 7 mm in diameter, were impregnated with 10 

pi of methanol extract solution or 10 pi of water extract solution. Therefore, each disk 

contained 0.5 mg of extract. Control disks were impregnated with 10 pi of the solvent 

only. The solvent was then allowed to evaporate from the disks. Next, TSA plates were 

inoculated with 300 pi from one of the 10 bacterial nutrient broth cultures started earlier. 

Duplicate plates were made for each species by spreading 300 pi of inoculum evenly
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over each plate. Two disks with methanol extract and one with methanol only were 

placed on each of 10 TSA plates with a different bacterial species. Another two disks 

with water extract and one with water only were placed onto the remaining 10 inoculated 

plates. The plates were incubated at room temperature for 48 h. They were then 

analyzed and any zones of inhibition were measured.

F. Anti-microbial Testing of Gram-Negative Bacteria with Variable Amounts of 

Methanol Extract

The next procedure involved the bacterial species and extract which showed the most 

activity in the previous procedure (the five Gram-negative bacteria with the methanol 

extract). The five Gram-negative species were inoculated in brain-heart infusion broth 

and incubated at 37°C for 2 d. Disks were saturated with 10 pi, 20 pi or 30 pi of the 

methanol extract solution previously prepared. A control disk was saturated with 10 pi of 

methanol. The solvent was then allowed to evaporate from each disk. Three disks, each 

with a different amount of methanol extract, and a control disk were placed on a TSA 

plate inoculated with 300 pi from a different bacterial broth culture. The plates were 

incubated at room temperature for 48 h. They were then analyzed and any zones of 

inhibition were measured.

G. Anti-Mycobacterium Testing

A brain-heart infusion broth was inoculated with Mycobacterium smegmatis and 

incubated at 37 °C for 7 d. Four disks were saturated with 10 pi, 20 pi or 30 pi of 

methanol extract solution or 10 pi of methanol only. The solvent was allowed to 

evaporate from each disk. One TSA plate was inoculated with 300 pi of the M. 

smegmatis broth culture and the four disks were placed onto it. The plate was incubated 

for 2 d at room temperature and 5 d at 37°C and then analyzed.
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Photograph courtesy of J. J. Schofield, Discovering Wild Plants
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RESULTS

Sections A-G in results correspond with sections A-G in Methods and Materials

A. Plant Collection and Extraction

Crude extracts of the leaves and branches:

29.85 g of methylene chloride extract, white powder 

76.03 g of methanol extract, white powder 

15.87 g of water extract, brown powder

A reverse phase TLC plate of methanol extract in a solvent system of 30% acetone and 

70% water with 0.5 M NaOH showed two compounds with Rf values of 0.22 and 0.39.

B. Chromatography Separation

Three fractions were eluted from the reverse phase flash column chromatography.

#1 was first to elute from the column and is most polar

#2 was second to elute from the column

#3 was last to elute from the column and is least polar

Fig. 2. Reverse phase TLC plate of three compounds from crude methanol extract. 

Solvent system was 25% acetone and 75% water. Compound #1 moved the fastest,

It compound #3 moved the slowest and compound #2 was in the middle.
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C. Removal of Glucose

The reaction to remove glucose gave two layers in the reaction flask. The top clear layer 

contained ether and the non-glucose compounds and the bottom red layer contained the 

0.5 M fuming sulfuric acid and glucose molecules. Column chromatography separated 

the non-glucose mixture into two compounds (labeled 1A and IB).

Fig. 3. Normal phase TLC plate of compounds 1A and IB. The solvent system was 20% 

methanol and 80% CHCI3. Compounds 1A and IB were isolated from compound #1 of 

the methanol extract by removal of glucose and separated by normal phase silica gel flash 

column chromatography. 1A is the faster moving compound in the right lane (Rf value is 

0.7) and IB is the slower moving compound in the middle and left lanes (Rf value is 0.3).

D. Nuclear Magnetic Resonance

The following are NMR spectra (Fig. 4, 5) of compound 1A from the methanol extract of

E. nigrum leaves and branches in a solvent of deuterated chloroform (CDCI3).

8



♦



IfHtl
Fig. 4. I3C NMR spectrum of E. nigrum compound 1A. This compound is a portion of

the most polar methanol extract and is in a solvent of deuterated chloroform. The 

increments across the bottom are in ppm.
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Fig. 5. 'H NMR spectrum of E. nigrum compound 1 A. This compound is a portion of the 

most polar methanol extract and is in a solvent of deuterated chloroform. The increments 

across the bottom are in ppm.

<
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E. Anti-microbial Testing

Table 1. Inhibition zones on common bacterial species formed around disks containing 

E. nigrum water extract.

Bacteria Species (Gram Stain) Disk A Disk B Control Disk

Bacillus thuringiensis (+) None None None

Bacillus megaterium (+) None None None

Staphylococcus aureus (+) None None None

Staphylococcus epidermidis (+) None None None

Rhodococcus spp. (+) None None None

Acinetobacter calcoactecus (-) None None None

Serratia marcescens (-) Growth
increased

None None

Pseudomonas putida (-)
None None None

Escherichia coli (-)
< 1mm < 1mm None

Enterobacter aerogenes (-)
None None None

Zones of inhibition are areas surrounding the disk where no colonies are visible. 

Measurements indicated are the average distance between the disk edge and the 

beginning of bacterial growth. Each plate was inoculated with 300 pi of bacterial broth 

culture. Disks A and B contained 0.5 mg of water extract and the control contained water 

only.
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Table 2. Inhibition zones on common bacterial species formed around disks containing 

E. nigrum methanol extract.

Bacteria Species (Gram Stain) Disk A 
(mm)

Disk B 
(mm)

Control Disk 
(mm)

Bacillus thuringiensis (+) < 1 < 1 < 1

Bacillus megaterium (+) None None None

Staphylococcus aureus (+) None None None

Staphylococcus epidermidis (+) None None None

Rhodococcus spp. (+) None None None

Acinetobacter calcoactecus (-) None None None

Serratia marcescens (-) 1 1 None

Pseudomonas putida (-) 1 1 None

Escherichia coli (-) 1 1 Growth
increased

Enterobacter aerogenes (-) 1 2 None

Zones of inhibition are areas surrounding the disk where no colonies are visible. 

Measurements indicated are the average distance between the disk edge and the 

beginning of bacterial growth. Each plate was inoculated with 300 pi of bacterial broth 

culture. Disks A and B contained 0.5 mg of methanol extract and the control contained 

methanol only.

*
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F. Anti-microbial Testing of Gram-negative Bacteria with Variable Amounts of 

Methanol Extract

Table 3. Inhibition zones around disks containing increasing amounts of E. nigrum 

methanol extract on Gram-negative bacteria.

Bacteria Species (Gram Stain) 
(Zones in mm)

Disk A
10 pi

Disk B
20 pi

Disk C 
30pl

Control Disk

Acinetobacter calcoactecus (-) None 0.5 1 None

Serratia marcescens (-)
Only growth on plate was 10 colonies 
around 30-pl disk

Pseudomonas putida (-) 0.5 1 2 None

Escherichia coli (-)
1 1 2 0.5

Enterobacter aerogenes (-)
1 0.5 2 0.5

Zones of inhibition are areas surrounding the disk where no colonies are visible. 

Measurements indicated are the average distance between the disk and the beginning of 

bacterial growth. Each plate was inoculated with 300 pi of bacterial broth culture. Disk 

A contained 0.5 mg, disk B contained 1.0 mg, disk C contained 1.5 mg of methanol 

extract and the control disk contained methanol only.

a
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Fig. 6. Photograph of P. putida showing zones of inhibition around disks containing 

methanol extract. Disk 1 contained 10 pi of methanol extract and had a zone of 0.5 mm. 

Disk 2 contained 20 pi of methanol extract and had a zone of 1 mm. Disk 3 contained 30 

pi of methanol extract and had a zone of 2 mm. Disk C, the control, contained methanol 

only and had no zone of inhibition. Grown on TSA at room temperature for 48 h.

10 20 30

Amount of Methanol extract 
Solution of Disk (microliters)

Fig. 7. Inhibition zones around disks containing increasing amounts of E. nigrum 

methanol extract on Gram-negative bacteria.

G. Anti-Mycobacterium Testing
There were no zones of inhibition around any of the disks on the M. smegmatis.
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DISCUSSION AND CONCLUSIONS

6 The medicinal history of plants dates back thousands of years, possibly even before the

existence of humans, when animals used leaves for purposes other than nutrition (Agosta, 

1997). Today, scientific technology allows us to identify each compound in a plant and 

determine its anti-microbial properties. Such research is vital in understanding and 

developing useful plant derived medicines. This report is a preliminary look at 

Empetrum nigrum (Fig. 1) and its possible contribution to anti-microbial pharmaceutical 

products.

The 13C spectra (Fig. 4) show peaks around the 120 to 130 ppm region which may signify 

the compound has an aromatic ring. The large peaks in this spectrum around 70 ppm 

represent the solvent, chloroform. The 'H spectrum (Fig. 5) shows peaks in the 8.0 ppm 

region, which further suggests that the substance is aromatic. The substance may have 

three side groups represented by the singlet and two doublets in this region, although it is 

difficult to tell from the spectra available. The doublets could mean that there are two 

side groups next to each other and the singlet could mean that there is one separate side 

group. The peak around the 7.2 ppm region is probably traces of chloroform, the solvent. 

The 0 ppm region shows TMS, which is used to zero the instrument. The hump in region 

4-5 ppm is possibly several OH groups or, if protein impurities exist in the compound, it

could be NH groups. The 3-4 ppm region peaks may be a methanol group. Other

methods of identification are necessary to draw any solid conclusions on the structure of 

this aromatic compound isolated from the methanol extract of E. nigrum.
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The anti-microbial tests demonstrate the most striking result, which is the effect of the 

methanol extract on the Gram-negative bacteria. All of the Gram-negative bacteria were 

inhibited by crude methanol extract in at least one of the trials while B. thuringiensis was 

the only Gram-positive species affected by any of the extracts and the zones of inhibition 

were very small. Results from Matsuura and coworkers’ study showed that, of the four 

compounds they isolated from the methanol extract of the branches of E. nigrum, there 

was less inhibition of Gram-negative bacteria (Matsuura, et al., 1995). All four 

compounds they separated from the methanol extract inhibited the growth of E. coli DC2, 

and one compound inhibited the growth of P. aeurginosa Hl88, while other strains of 

these Gram-negative bacteria were not effected (Matsuura, et al., 1995). On the other 

hand, all of the Gram-positive bacteria, two strains of S. aureus and two strains of B. 

subtilis, were inhibited by all four compounds (Matsuura, et al., 1995). Differences 

between Matsuura’s results and results in this report could, in part, be due to the fact that 

Matsuura separated the compounds from the extract before testing them on the bacteria 

and only used E. nigrum branches while my methods did not involve inhibition assays of 

the separated compounds and used both the leaves and the branches from E. nigrum. My 

results for section E show slight zones of inhibition around four of the five Gram

negative bacteria (Table 2). In section F, the methanol extract caused some inhibition 

around all of the four Gram-negative species that grew (Table 3). Gram-negative bacteria 

are often able to block the entrance of chemicals into their protoplasm more efficiently 

than Gram-positive bacteria due to their more complex cellular membrane, thus making 

Gram-negative bacteria less susceptible to chemical attacks (Talaro and Talaro, 1993). It
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is important to note that the extracts in this report were anti-microbial against Gram

negative species.

It is possible that Gram-positive bacteria would also be affected by higher concentrations 

of the methanol extract. A. calcoactecus, a Gram-negative bacterium, for example, was

not affected by 10 pi of methanol extract, but it was inhibited by 20 pi and 30 pi of this

extract (Table 2 and Table 3). It would be necessary to test Gram-positive bacteria with 

higher concentration levels of extract to ensure that E. nigrum methanol extract is more

effective against Gram-negative bacteria.

The water extract showed very little microbial inhibition activity. Nevertheless, it is 

interesting that the water extract caused increased growth of S. marcescens (Table 1). It 

is possible that the chemical that caused this also effected the growth of S. marcescens 

(Table 3). On this plate there was no growth except around the disk with the highest 

concentration of methanol extract. However, in the first trial (Table 2) there was a 1-mm

zone of inhibition around both disks with 10 pi of methanol extract solution. These

inconsistencies warrant further investigation.

This research also showed that the zones of inhibition increased in size as the amount of

methanol extract increased (Table 3; Fig. 7). P. putida and A. calcoactecus have a

directly proportional increase in inhibition as the amount of extract increases. Zones ofw
inhibition around E. coli and E. aerogenes increase from 10 pi to 30 pi but it is not

directly linear. I believe that more trials would give more accurate data and the
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relationship between the zone of inhibition and the amount of extract would be directly 

proportional for all of these species.

f

Ethnobotanical records have shown that First Nations people used E. nigrum as a

treatment for tuberculosis or other medical conditions (Moerman, 1986). McCutcheon 

investigated this and found that E. nigrum methanol extracts completely inhibited the 

growth of M. tuberculosis and M. avium (McCutcheon, et al., 1997). This report tested 

E. nigrum methanol extract on a different mycobacterium species. The results in section 

G show that the methanol extract did not inhibit the growth of M. smegmatis. From this, 

one can conclude that E. nigrum is not effective against all mycobacteria.

The results from these data should be viewed as preliminary steps towards understanding 

the usefulness of E. nigrum. This provides promising leads in the ongoing search for new 

anti-microbial compounds. Further investigation is necessary to discern which chemical 

compound is causing bacterial growth inhibition.

In previous situations, the active ingredient from a plant has been used directly as a 

medical treatment. For example, the alkaloid quinine from Cinchona species was the 

only effective malaria treatment for nearly 300 years (Agosta, 1997). Uncovering the 

active compound enables researchers to study the mechanism of inhibition and develop 

synthetic drugs based on this knowledge. Salicylates, taken directly from willow bark,*
were used to treat pain and fever until 1897 when chemical knowledge and technology 

allowed the Bayer Company to develop a synthetic and more effective analog, O-
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acetylsalicylic acid, commonly known as aspirin (Agosta, 1997). Puntari and coworkers

have identified volatile compounds of E. nigrum (Puntari, et al., 1984) and Matsuura and

others have shown the effects of four compounds on a limited number of bacteria 

(Matsuura, et al., 1995). Expansion of this research using a wider range of bacteria 

involving numerous trials with various amounts of specific chemicals isolated from E. 

nigrum is vital in the development and understanding of E. nigrum extracts as anti

microbial agents.
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