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Propionic acid, live Propionibacterium shermanii, and

Dimethyl Fumarate (DMF) were tested for their stimulatory or

inhibitory efects on yeast, bacteria, and molds. The amount

of propionic acid required for inhibition of molds was

strain specific and equal to or less than that required for

inhibition of the yeasts. Live P. shermanii cultures grown

for 96 hours inhibited the growth of yeast and one species

of bacteria but were not effective against molds. DMF inhi-

bited all the species against which it was tested and is

proposed to be a potent medicinal agent for treatment of

vaginal and topical infections.

Stability testing of DMF in human plasma, rabbit blood,

human vaginal secretions (in normal saline), normal saline,

and in water maintained at 85°C and 45°C was conducted.

Degradation of DMF followed first order kinetics in human

plasma and had a half life of about 154 minutes.



Degradation of DMF in rabbit blood could be fit to a second

order kinetic model and had an approximate half life of 10

minutes. DMF had a half life of about 21 hrs in vaginal

secretions whereas only 25 percent DMF degraded in 22 hours

in normal saline. In water, ninety-five percent of DMF

degraded at 85°C, whereas 72 percent DMF remained intact at

45°C at the end of an eight week period.

An attempt was made to study the pharmacokinetics of

DMF in rabbits by administering DMF orally and as an intra-

venous infusion. Detectable amounts of DMF were not found

in rabbit blood.

Dosage forms containing DMF or propionic acid were pre-

pared and buffered at pH 4.5. Suppositories, ointments and

foam aerosols were tested against Candida utilis. The sup-

pository containing DMF inhibited the yeast growth comple-

tely. Aerosols also inhibited the growth of yeasts at

higher dilutions, but at lower dilutions there was growth

observed at the edges of the plates indicating uneven

spraying of aerosols. Ointment containing 3% propionic

acid inhibited C. utilis completely whereas 0.5% DMF did

not inhibit the yeast growth, which is surprising, and may

indicate either that degradaton of DMF had occured or DMF

was not released from the vehicle.



This was a broad preliminary study of propionic acid,

DMF, and metabolites of Propionibacterium shermanii as

potential medicinal agents and gives guidance for further

detailed investigation of these compounds.
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CHAPTER 1

ANTIMICROBIAL ACTIVITY OF
PROPIONIC ACID AND METABOLITES OF

PROPIONIBACTERIUM SHERMANII
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ANTIMICROBIAL ACTIVITY OF
PROPIONIC ACID AND METABOLITES OF

PROPIONIBACTERIUM SHERMANII

INTRODUCTION

In recent years sexually transmitted diseases (STDS)

have become wide spread. The United States department of

Health and Human services officially cited statistics on

STDS as a "human tragedy", and estimated the cost at 2

billion dollars a year (1). The number of communicable

disease cases in the United States in 1981 are summarized in

Table I (1). Each year health professionals in the United

States are estimated to examine up to 500,000 new cases of

genital herpes, three million cases of trichomoniases,

80,000 new cases of syphyllis, 2 million new cases of gon-

norhea and several other sexually transmitted diseases.

Interest in developing a new agent for activity against

vaginal tract disease infections led to a search for pre-

viously unused active compounds. Based on previous research

in our laboratories it was decided to test the activity of

propionic acid and the metabolites of Propionibacterium

shermanii bacteria against yeasts, bacteria and molds.



3

Table 1

Communicable Diseases-Number of Reported

Cases in the United States

Calendar year 1981 (1).

Gonorrhea 990,864

Chicken Pox 200,766

Syphillis 72,799

Hepatitis 57,929

Salomellosis 39,990

Tuberculosis 27,373

Shigelosis 19,859

Aseptic Meningitis 9,547

Mumps 4,941

Meningococcal infections 3,525

Measles 3,124

Rubella 2,077

Malaria 1,388

Whooping cough 1,248

Typhus Fever (Rocky Mountain) 1,192

La.gionellosis 404

All others 18,910

Sexually transmitted diseases
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Propionic acid: Propionic acid is an aliphatic monocar-

boxylic acid. The antimicrobial action of monocarboxylic

acids has been known since as early as 1931 (2). Hoffman

and Schweitzer (3) evaluated the fungistatic properties of

the saturated fatty acids containing 1 to 14 carbon atoms

and found that the anti-fungal activity varied with

chainlength, concentration and pH. They later patented (4)

the use of propionic acid and certain salts of propionic

acid as mold inhibitors in bread. Chung and Goepfert (5)

found acetic acid and propionic acid to be the most effec-

tive of the 13 acids they tested as inhibitors of Salmonella

bacteria.

Propionates are active against molds but have essen-

tially no activity against yeasts and also have little

action against bacteria (5,6). Wolford and Andersen (7)

tested 7 species of bacteria, 3 yeasts and 2 molds in broth

culture in order to evaluate the relative activity of sodium

propionate. They reported that treatment of fruits with 15%

calcium propionate solution for 3 minutes resulted in total

absence of mold growth after a week, whereas bacterial

growth was only retarded. Viricidal activity tested by Poli

et al., (8) also suggests that propionic acid is able to

inactivate 99.9% of certain virus populations. Olson and

Macy (9) found that less calcium propionate by weight was

required than sodium propionate to inhibit molds in media
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they studied. Furthermore, a much lower concentration by

weight of propionic acid than the calcium salt was required

to bring about the same degree of inhibition. However the

comparative percentages of each required is not mentioned.

The pH for optimum activity of propionates ranges up to

5, although in some cases they are active even at pH 6 or

slightly higher (6). In a monograph published by World

Health Organizations Food Additive Series (11), it is men-

tioned that at concentrations above 0.004 mo1/1 the acid is

fungistatic. Sodium and calcium propionates inhibit molds

and fungi at specific concentrations varying from 0.0125% to

1.25% at pH 5.5 and sodium propionate at 1.6% to 6% is

stated to inhibit various bacteria (11). In tests with a

number of microorganisms, it has been shown that the bac-

teriostatic and fungistatic activity of sodium propionate

was greater in acid than in neutral or slightly alkaline

solutions (11), which suggests that the antimicrobial action

is due to the undissociated acid.

Propionic acid occurs naturally in Swiss cheese at

levels as high as 1% (10) and has been shown to have an LD50

of 2,600 mg/kg in rats (11). It is a moderate skin irritant

which can cause pain and hyperpigmentation (12). However,

no sensitization from topical use has been reported, nor has

it an anticoagulant effect (13). Sodium propionate is a

constituent of sweat (14). In the treatment of athletes
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foot, propionic acid up to 3% and sodium propionate up to

12.5% have been used (15). Thus, it appears sufficiently

non-toxic to be used to treat vaginal infections.

Propionibacterium shermanii: The clinical importance of

Doderlein's bacillus (probably identical to Lactobacillus

bifidus, now known to be Actinomyces bifidus) in vaginitis

has been known for a long time (16). It was reported by

Lock et al., (17) that the presence of the Doderlein

bacillus is associated with a healthy vagina. Butler and

Beakley (18) later confirmed these findings and concluded

that these bacteria are present in the normal vagina and

absent when there is vaginitis. They also were successful

in implanting the Doderlein bacillus, isolated from the

vagina of normal women, into the vagina of patients lacking

these organisms. A lypholized preparation is reported to

be commercially available for vaginal application (19).

Taylor et al., recently reported that vaginal secretions of

normal women consisted mainly of lactobacilli (20). Yogurt

cultures have also been used to treat vaginitis (18). Thus,

use of selected nonpathogenic bacteria for intravaginal

administration is taught in the literature. However, there

are no teachings that Propionibacterium or their metabolites

will be useful for treating vaginal infections.

Propionibacterium shermanii is a gram positive,

nonsporeforming, nonmotile, facultatively anaerobic, rod-
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shaped bacterium. Eleven species of propionic acid bacteria

are recognized (21). These bacteria play an important role

in industrial processes (22). They are important in deve-

loping flavor and eyes during the production of Swiss type

cheese. Propionic acid bacteria are used for production of

vitamin B12 in Swiss cheese and Kimchi (23) which enhances

the nutritional value of these products. Propionic acid

bacteria are thought to also retard undesirable secondary

yeast fermentation (22). These bacteria produce propionic

acid and other fatty acids as metabolic by-products (19).

Studies conducted by Keanan and Bills (24) reveal that they

also produce acetaldehyde, propionaldehyde, ethanol, propa-

nol, and vitamin B12. Formation of diacetyl and acetoin

also has been reported by several researchers (25,26,27).

Cutting et al., (28) in 1960 reported that a fermen-

tation extract of Propionibacterium freudenreichii had anti-

viral effects against Columbia Sk virus. Later Ramanathan

and Cuttings in their series of publications (29,30,31,32)

reported purification of these extracts and the different

fractions obtained were named Propionin A, B, C, and D. The

positive reaction of propionin with ninhydrin and hydrolysis

giving amino acids revealed that propionin is a peptide.

The fractions thus obtained after purificaton were tested

for antiviral activity. They found that mice infected with

Columbia Sk (virus) could be successfuly treated with 0.5 ml



8

of extract twice daily for 5 days. Refrigeration of pro-

pionins (2-5°C) over 2-3 months showed loss of potency.

These extracts have not been assayed against bacteria, yeast

or mold.

In the food industry, Propionibacterium and lactobacilli

are often found growing in mixed cultures. Recently Parker

and Moon (33) reported an interaction of Lactobacillus and

Propionibacterium in mixed cultures. They concluded that

the growth of the Lactobacillis was not inhibited in mixed

cultures. However, in mixed cultures of Lactobacillus and

Propionibacterium, a beneficial synergistic effect on growth

was observed (33).

It is evident by summarizing the literature that lac-

tobacilli are essential components of the normal vaginal

flora and that Propionibacterium organisms do not interfere

with the growth of lactobacilli; on the contrary,

propionibacteria help lactobacilli grow. Further,

propionibacteria are found to possess antiviral and anti-

fungal activity. However, these organisms have not been

reported to be inhibitory for bacteria. In fact, one would

expect that bacteria (pathogenic and nonpathogenic) might

grow synergistically with propionibacteria. Therefore, a

study was undertaken to evaluate the activity of growth

media containing either propionic acid or live propioni-

bacteria for the ability to stimulate or inhibit yeast, bac-



9

teria and molds.

The main interest of this research was to develop a for-

mulation for vaginal application. However, the organisms

selected to test the activity of propionic acid and growth

media from Propionibacterium shermanii included

Kluyveromyces fragilis (yeast), two strains of Poria pla-

centa (wood-rotting molds), Streptococcus mutans and

Streptococcus sanguis. The K. fragilis was selected as a

model prior to future work with pathogenic yeast. S. mutans

and S. sanguis are bacteria responsible for dental caries

while Poria placenta is a wood-rotting fungus which poses

problems in destruction of telephone poles. Hence, testing

of these organisms allowed safety for laboratory personnel

and also provided information about whether or not the test

organisms and chemicals might be useful against vaginal

infections, dental caries and as wood fungisides or preser-

vatives.
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MATERIALS and METHODS

The organisms used and the source of cultures for this

study are listed in Table 2. All chemicals used were analy-

tical grade. Cultures were routinely maintained in broth

media. YM broth and YM agar (Appendix I) were used for K.

fragilis and P. placenta. Brain heart infusion (BHI) agar

and BHI broth (Difco) (Appendix I) were used for S. mutans

and S. sanguis. Propionibacterium shermanii was grown in

lactate broth (Appendix I).

Propionic acid (Sigma) was diluted in bottles containing

autoclaved distilled water to make concentrations ranging

from 0.01% to 50%. This diluted propionic acid was mixed in

test tubes containing broth media to give concentrations

ranging from 0% to 5.0%. The pH of these solutions was

adjusted to 5.0 by adding NaOH and the final volume was 10

ml. These tubes were inoculated with 0.1 ml of freshly-

grown K. fragilis (NRRL Y-610), P. placenta (ATCC 9861; ATCC

11538) or S. mutans and incubated as follows: K. fragilis

was incubated at 25°C for 48 hours, P. placenta at 25°C for

7 days and S. mutans at 37°C for 48 hours in an anaerobic

jar (GasPak system, Baltimore Biological Laboratory).



Table 2: Source and growth conditions of the cultures used in the study of antimicrobial activity testing of
Propionic acid and Propionibacterium shermanii

Species Source Strain Growth media Growth Conditions

Kluyveromyces fragilis Institute of Department of Agriculture NRRL Y-610 YM broth 25°C, 48 hrs
National Regional Research Laboratories YM agar pH = 5.2

Poria placenta American Type Culture Collection ATCC 9891 YM broth 25°C, 7 days
ATCC 11538 YM agar

Streptococcus mutans Dr. John Cisar Brain heart 37°C, 48 hours
National Institute of Dental Research infusion-broth anerobic

Streptococcus sanguis Brain heart
infusion-agar
(Difco)

Propionibacterium
shermanii

American Type Culture Collection ATCC 9616 Lactate broth 28-30°C > 7 days

Propionibacterium
shermanii

Dr. William Sandine
Department of Microbiology (OSU)

OSU Lactate broth 28-30°C > 7 days

Corvallis, Oregon 97331
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Viable populations in these cultures were determined by

serially diluting them in sterilized peptone water and

spreading 0.1 ml aliquots on appropriate predried agar pla-

tes in duplicate. S. mutans was plated on BHI agar and

incubated for 48 hours at 37°C. K. fragilis and P. placenta

were plated on YM agar and incubated at 25°C, K. fragilis

for 48 hours and P. placenta for 7 days. At the end of the

incubation period the colonies were counted and reported as

colony forming units per ml. Tubes containing P. placenta

(molds) were not diluted and only 0.1 ml of the growth

medium was plated; results of visual observations were

reported. Propionibacterium shermanii strains (ATCC 9616,

OSU), were grown in 100 ml of lactate broth (Appendix I) in

250-m1 Erlynmeyer flasks. They were incubated with con-

tinuous mixing on a magnetic stirrer at 28-30°C. The acti-

vity of the broth cultures was tested at 48 hours and 96

hours. Test tubes containing 9.8 ml each of growth media

for K. fragilis, P. placenta, and S. mutans were prepared.

The media were partially substituted by spent lactate broth

(P. shermanii grown for 48 or 96 hours) so that final con-

centration of the spent broth ranged from 1% to 25%. These

tubes were inoculated with 0.2 ml of freshly-grown cultures

of K. fragilis, P. placenta or S. mutans. These tubes were

incubated in the same way as described for activity testing

of propionic acid. Viable populations in these cultures
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were determined by serially diluting in sterilized peptone

water and spreading on appropriate predried agar plates in

duplicate. Incubation and enumeration was done in the

manner described for propionic acid activity testing.
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RESULTS and DISCUSSIONS

While testing the possible inhibitory activity of pro-

pionic acid, the broth pH in each tube was adjusted to 5.0,

before inoculating with test cultures. It has been

reported (6) that the pH for optimum activity of propionates

ranges maximally up to 6. The optimum conditions for growth

of K. fragilis is around 5.0. Adjusting the pH to 5 results

in optimum yeast growth and is close to the vaginal pH of

4.5. This eliminates ambiguity such that any inhibition

observed would be due to propionic acid rather than pH. The

results obtained for activity of propionic acid against K.

fragilis are presented in Table 3a. From the results it can

be seen that K. fragilis is inhibited by about 23% at

0.005% of propionic acid and there is not much further

decrease up to 0.1%. At 0.3% propionic acid there is a

decrease of 93%. At 1% and 3% propionic acid there is a

decrease of 99%. At 5% there was no growth even at the

10-1 dilution. These results are unexpected (especially

with 1% and less propionic acid) since it has been reported

(6) that propionic acid does not inhibit yeasts.

Data obtained from the study of the effect of propionic

acid on two mold strains (P. placenta) are summarized in

Table 3b. Visual observations of the amount of growth of
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the two strains compared to the control showed that strain

1606 was partially inhibited up to 1.0% propionic acid,

whereas at 2% propionic acid and above, no growth was

observed. Strain 11538 was more sensitive to propionic acid

and it's growth was inhibited at 0.1% propionic acid con-

centration. The inhibition of the molds by propionic acid

is expected since propionates are most active against molds

(6). However, the relative resistance of strain 1606 was

not expected.

It was observed that S. mutans could be totally inhi-

bited by propionic acid at 3% and above. Study of propionic

acid against S. sanguis showed that this organism also was

inhibited at a 3% concentration of propionic acid. Plates

containing S. mutans and S. sanguis were contaminated and

hence counting of plates was not possible, but plates with

3% propionic acid and above did not show any growth of con-

taminants or streptococcus. Hence, it was concluded that

propionic acid at 3% concentration and above inhibited S.

mutans and S. sauguis. Work with S. mutans and S. sanguis

was done at early stages of the study and was not repeated.

These bacteria may be inhibited by much lower concentrations

of propionic acid.



Table 3: Effect of propionic acid on the growth of K. fragilis and P. placenta

3a: Activity against
Kluyveromyces fragilis

3b: Activity against
Poria placenta

%Concentration of
propionic acid

number of
survivors per ml

% inhibition %Concentration of
propionic acid

Strain 1606 Strain 11538

0.00 3.8 X 106 0.0 + + + + + + + +
0.005 2.9 X 106 23% 0.1 + +

0.03 2.5 X 106 34% 0.5 + + +
0.05 2.6 X 106 31% 1.0 + +

0.10 2.9 X 106 23% 2.0

0.30 2.4 X 105 93% 3.0

0.50 2.0 X 105 94% 4.0

1.00 3.0 X 104 99.2% 5.0

3.00 2.4 X 104 99.36%

5.00 0.0 100%

++++ Excellent growth
+++ Good growth
++ Fair growth
--- No growth
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Data obtained from the study using P. shermanii spent

growth medium against K. fragilis are summarized in Table 4.

The two strains of P. shermanii were grown for 48 hours and

their activity was tested. It can be observed (Table 4,

columns 2 and 5) from the data that there was no inhibition

of K. fragilis at 10% concentration (maximum concentration

tested) of P. shermanii broth cultures grown for 48 hours.

As P. shermanii broth cultures grown for 48 hours were not

active, it was decided to grow the cultures for 96 hours and

then test their activity. The test was conducted using 5,

10, 15, 20 and 25% concentration of broth cultures. From

the data (columns 3 and 4, Table 4) it can be seen that at

5% concentration there was about 65% inhibition by P. sher-

manii ATCC 9616, whereas, there was 87% inhibition (columns

6 and 7) by the OSU strain (Dept. of Microbiology, Oregon

State University). There was further increase in inhibition

at 10% and 15% but above 15% concentration the inhibition

remained about the same (95%). Both strains were found to

be equally inhibitory for K. fragilis at concentrations of

10% and above. Since there was no significant difference in

inhibitory action by the two different strains of P. sher-

manii, it was decided to use the ATCC 9616 strain for

further studies.

The observation that metabolites of P. shermanii would

inhibit K. fragilis was unexpected since K. fragilis
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required pure propionic acid at levels as high as 3% for 99%

inhibition but P. shermanii metabolites (15%) would contain

very minute quantities of propionic acid. Hence, the inhi-

bitory effect of P. shermanii may not be due only to pro-

pionic acid, but also due to various other metabolites of

the growth medium.

Propionibacterium shermanii broth cultures grown for 96

hours were also tested against both strains of Poria pla-

centa and found not to be inhibitory to their growth even in

concentrations up to 25%. These results are especially

unexpected since the growth medium was inhibitory to yeasts

but propionic acid is inhibitory to molds (especially strain

11538) and not to yeasts (6). These findings are further

evidence that the substances inhibitory to yeasts may not

have been only propionic acid, but also some other substance

produced by the propionibacterium. Also, P. shermanii may

have provided nutrients to help the molds grow even in the

presence of any propionic acid produced in the spent medium.

P. shermanii grown in broth for 96 hours was tested

against S. mutans and S. sauguis. S. sanguis was dramati-

cally inhibited at the 10% level (Table 4, last column)

after 96 hr of propionibacterium growth. However, S.

mutans was not inhibited even at the 25% level of 96 hr pro-

pionium bacteria spent medium. Hence, it was concluded that

P. shermanii metabolites were not inhibitory to S. mutans
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but did inhibit S. sanguis. These findings are quite

surprising since S. mutans and S. sanguis are very similar

organisms and were equally inhibited by the same con-

centrations of propionic acid.



Table 4: Activity of metabolites of Propionibacterium shermanii grown for 48 hours and 96 hours,
against Kluyveromyces fragilis and Streptococcus sanguis

Percent
P. shermanii
in spent

Strain ATCC 9616 Strain OSU Strain 9616

of I II Percenta I II Percenta II
number of survivors of Inhibition

medium K. fragilis per ml.
number of survivors of Inhibition
K. fragilis per ml

number of survivors of
S. sanguis per ml

0.0

0.1

10.0 X 106 2.0 X 107

11.0 X 106

10.0 X 106

10.5 X 106

2.3 x 107 7.0 X 105

0.5 11.5 X 106 10.0 X 106

1.0 10.5 X 106 10.5 X 106

2.0 9.0 X 106 9.5 X 106

3.0 9.5 X 106 10.5 X 106

4.0 10.5 X 106 10.0 X 106

5.0 7.5 X 106 65% 3.0 X 106 87% 5.0 X 105

6.0 8.5 X 106 10.0 X 106

8.0 9.5 X 106 9.5 X 106

10.0 9.0 X 106 3.3 X 106 86% 2.4 X 106 89% 0.0 X 104

15.0 1.2 X 106 94% 1.5 X 106 96% 0.0 X 104

20.0 1.0 X 106 95% 2.4 X 106 90% 0.0 X 104

25.0 9 X 105 96% 9.9 X 105 95% 0.0 X 104

Propionibacterium shermanii growth media grown for 48 hours
II: Propionibacterium shermanii growth media grown for 96 hours
a Percent inhibition for Propionibacterium growth media grown for 96 hours
--- indicates not platted
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SUMMARY

Propionic acid and live Propionibacterium shermanii

cultures were tested for inhibition of one species of yeast,

two strains of molds and two species of bacteria. Live P.

shermanii cultures inhibited the growth of the yeast and one

of the species of bacteria but were not effective against

molds. Since P. shermanii produces propionic acid it was

expected to inhibit the growth of the organisms in the same

way as propionic acid. However, propionic acid was more

inhibitory for molds than yeast or bacteria but P. shermanii

cultures were ineffective on molds but inhibitory for the

yeast. The results of the study are summarized in Table 5.

About 99% inhibiton of K. fragilis was observed by 3% pro-

pionic acid compared to about 95% inhibiton by the P. sher-

manii broth (grown for 96 hours) at 15% (Table 5). One spe-

cies of bacteria, S. sauguis, was sensitive to P. shermanii

but S. mutans was not. P. placenta ATCC 1606 and ATCC 11538

were inhibited by 2% and 0.1% propionic acid respectively.

Both the strains of P. placenta were not affected by P.

shermanii broth cultures which had been grown 96 hours. The

results of P. shermanii metabolites being effective against

S. sanguis and not against S. mutans are surprising since

both are similar organisms. P. placenta not being inhibited
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by P. shermanii metabolites is also unexpected since these

organisms were susceptable to propionic acid even at very

low concentrations (0.1%).



Table 5: Summary of Antimicrobial activity of
Propionibacterium shermanii

Propionic acid and

Organism Test Compound Concentration of Percent
Test Compound Inhibition

Kluyveromyces fragilis Propionic acid 3% 99%
5% 100%

Propionibacterium
grown for 48 hours

10% no inhibition

Propionibacterium
grown for 96 hours

15% and
above

95%

Poria Placenta ATCC1606 Propionic acid 2% 100%

Propionibacterium
grown for 96 hours

10% no inhibition

Poria Placenta ATCC11538 Propionic acid 0.1% 100%

Propionibacterium
grown for 96 hours

10% no inhibition

Streptococii mutans* Propionic acid 3% 100%
Propionibacterium no inhibition

Streptococci sanguis Propionic acid
grown for 96 hours

3% 100%

a
Colony count could not be made for lower concentrations due to contaminations, but the

plates containing the specified amount of test compound were absent of any growth.
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CONCLUSIONS

As expected (6), molds were most readily inhibited by

propionic acid. Bacteria required higher concentrations and

yeast required the maximum amount of propionic acid for

inhibiton. Thus, propionic acid can be effective against

molds, bacteria and, in higher concentrations, against

yeast. It is presently being used at a concentration of 3%

to treat athletes foot (15). It seems therefore that a 3%

or less propionic acid preparation might be effective for

treatment of vaginal infections and might also retard the

growth of yeasts. Propionic acid preparations of 3% or less

are suggested based on the results obtained from the study

that molds (P. placenta) were inhibited at 2%, bacteria (S.

mutans and S. sauguis) at 3% and yeast (K. fragilis) was

also 99% inhibited at 3%. Propionic acid could also be used

against wood-decaying molds as a fungiside. Propionic acid

also may be useful in treatment of dental caries but the

higher concentrations required may make it objectionable due

to acidic taste. However, it has been reported to dissolve

tooth enamel (44).

P. shermanii growth medium was effective against one

yeast and also one strain of bacteria. The growth media did

not appear stimulatory to any microorganism tested.
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P. shermanii growth media (grown for 96 hours) may be

effective for treatment of vaginal yeast and certain bac-

terial infections. Such preparations would not be useful

wood preservatives. In treatment of dental caries, P. sher-

manii may or may not be effective, depending on the predomi-

nant cariogenic agent found in particular individuals.

Isolation, concentration, purification and identification of

the active substance in the growth media produce a very

potent, useful antimicrobial drug.
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CHAPTER II

ANTIMICROBIAL ACTIVITY OF DIMETHYL FUMARATE (DMF)
FOLLOWED BY PRELIMINARY PREFORMULATION,

AND FORMULATION OF DOSAGE FORMS
EMPLOYING DMF OR PROPIONIC ACID
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INTRODUCTION

In continuing the search for potentially active com-

pounds to treat vaginal infections, Dimethylfumarate (DMF)

was selected as a candidate.

Dimethyl fumarate is a diester of fumaric acid with a

trans configuration. It has the following structure

CH -COOCH3

CH300C-CH

It has a molecular weight of 144.13, boiling point

193°C, melting point 103.4°C, density of 1.37, solubility

in acetone and chloroform and is only sparingly soluble in

water.

Searle and Tisdale (34) have shown that dialkyl esters

of fumaric acid possess antimicrobial activity. They found

that these esters were effective against diverse organisms

such as Fomes annosus, Ceratostomella, Pilifera, Penicillium

digitaium, mixed lumbar molds, Aspergillus niger, Peni-

cillium expansum and common water-born forms of Bacillus

mesentericus. They concluded that a 20% animal glue solu-

tion containing 0.05% dimethyl fumarate or dimethyl maleate

is resistant to microbial decomposition even when it was

inoculated with mixed cultures of leather bacteria and
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molds. Dry casein containing 0.5% DMF is also effectively

preserved against various bacteria (34). Gershon and

Shanks (35) tested the activity of DMF against Candida albi-

cans, Aspergillus niger, Mucor mucedo and Trichophyton men-

tagrophytes. Their study indicated that DMF was effective

against all these fungi (except A. niger) at concentrations

ranging from 8 ug/ml (.008%) to 90 ug/ml (.09%). Candida

albicans was inhibited at 60 ug/ml (.06%) at pH 5.6 and 90

ug/ml (0.09%) at pH 7.0. Recently Islam (36) published that

the mold free shelf life of bread loaves containing calcium

propionate ranged from 16-30 days, whereas loaves containing

0.32 g or more DMF per kg flour (0.0032%) exhibited no mold

growth during 475 days of storage. They also investigated

antifungal activity of methyl, ethyl, n-propyl and n-butyl

diesters of fumaric acid and found that the order for degree

of inhibition of molds was dimethyl fumarate > diethyl

fumarate > dipropyl fumarate, whereas dibutyl fumarate did

not exhibit inhibition of molds. Islam (37) also studied

DMF as a preservative in tortillas. Thus, the literature

shows that DMF has been tested against yeast, molds and bac-

teria and has been found to be an effective inhibitor.

DMF is quite nontoxic. The LD50 of aspirin is about

1750 mg/kg (38) while that of DMF is 2240 mg/kg (39). The

dose of DMF to treat vaginal infections is expected to be

much less than that of oral aspirin. This information led
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to investigation of DMF as a potential medicinal agent for

vaginal tract infections.

The first step was to test DMF against various

microorganisms. The microorganism selected included a

variety of species. The organisms were: Kluyveromyces fra-

gilis, Streptococcus mutans, Streptococcus sanguis, two

strains of Poria placenta (wood molds), Streptomyces nata-

leusts, Candida utilis, Saccharmyces fragilis, Streptococcus

mutans (5 different strains) and a slime producing

psychrotrophic food spoilage bacterium (refer to materials

and methods). The first five strains were selected based on

reasons presented in Chapter I. Candida utilus has the same

characteristics and falls under the same genus classifica-

tion as Candida albicans which is a common vaginal pathogen.

Other organisms were selected to give an idea as to whether

DMF would be effective against various types of vaginal

infections.

Studies performed on the above selected microorganisms

gave encouraging results for possible use of DMF as a medi-

cinal agent. Therefore, some preliminary preformulation and

formulation studies were conducted. These preliminary stu-

dies included the following.

- Stability in human plasma

- Stability in rabbit blood

Stability in vaginal secretions
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- Stability in normal saline

- Stability at two different temperatures (45° and

80°C).

-Pharmacokinetic analysis in rabbits after both oral

and intravenous administration

- Formulation into different dosage forms, i.e., vaginal

cream, suppository, foam aerosol, chewable tablet (wet

granulation and direct compression), and enteric

coated capsules. This was followed by testing some of

the formulations (cream, aerosol and suppository) on

Candida utilis. Some vaginal dosage forms employing

propionic acid were also prepared and tested, which

included vaginal suppository, vaginal cream and foam

aerosols.

Stability testing of DMF in human plasma and rabbit

blood was undertaken to determine how fast DMF is degraded

by enzymes present in the blood. This would give an idea as

to whether it is possible to use DMF systemically. Also,

if on local application the drug is absorbed, how would it

be eliminated? Results of testing in vaginal secretions

indicate how stable DMF is in the enzymes of the vaginal

tract. Heat stability testing indicates storage constraints

on the formulations prepared. Pharmacokinetics were

investigated to find the volume of distribution and elimina-

tion half life. Cream, suppository and foam aerosols were
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prepared for local application. Chewable tablets and

enteric coated capsules were prepared and dissolution tests

were conducted to determine the rate at which DMF would

dissolve in gastric and intestinal (simulated) fluids.
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MATERIALS AND METHODS

Dimethyl fumarate (Aldrich, reagent grade) was used

without further purification. All chemicals used were ana-

lytic grade. All water was distilled prior to use

throughout the study.

Test organisms: Organisms used and sources of cultures for

this study are listed in Table 6. Kluyveromyces fragilis

(NRLLY-610) was obtained from the Institute of Agriculture,

National Regional Research Laboratories. Two strains of

Poria placenta (wood molds) (ATCC 9891), ATCC 11538),

Streptococcus mutans and Streptococcus sanguis (both dental

plaque formers) were obtained from Dr. John Cisar (National

Institute of Dental Research). S. mutans (ATCC 25175) and

four different strains of S. mutans identified as serotype

B, serotype C, serotype G and LMT were also obtained from

Ms. Susan Harlander, University of Minnesota, School of

Dentistry. Candida utilis (ATCC 9226), Streptomyces

Natalenste (ATCC 27448), Saccharomyces fragilis (OSU 1) and

the psychrotrophic slime producing organism (OSU 2) were

obtained from Dr. Sandine, Department of Microbiology,

Oregon State University. These cultures were routinely

maintained in broth media. The media used and conditions

for the growth of the above organisms used was as follows:
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Kluyveromyces fragilis, Candida utilis, Saccharomyces fra-

gilis and Streptomyces Natalensts were grown in YM broth or

YM agar, incubated at 25°C for 7 days. All strains of S.

mutans and S. sanguis were grown on Brain Heart infusion

(BHI) broth (Difco) and BHI Agar (Difco) (Appendix I) anero-

bically at 37°C. GasPak System (Baltimore Biological

Laboratory) was changed every 3 to 4 days. The

psychrotrophic slime producer was grown on CVT Agar,

28 - 30°C for 48 hours. The exact identity of this

microorganism is not known but it was isolated from cottage

cheese produced in Boston, Mass and appears to be a Pseudo-

monas.

Inhibitory effects of Dimethyl fumarate (DMF) were

determined at six different concentrations. The lowest con-

centration being 0.05% and the highest 1%. Appropriate agar

plates were prepared by dissolving or suspending DMF in

autoclaved media, to give the required DMF concentration in

the agar plates. Concentrations higher than 0.8% were not

soluble, hence remained suspended. Control plates were pre-

pared by not adding any test compound to the media. Freshly

grown microbial samples were serially diluted in 0.1% pep-

tone water and 0.1 ml from each dilution was plated in

duplicate and plates were incubated at conditions optimum

for each organism described in the previous paragraph.



Table 6: Source and growth conditions of the cultures used in the study of antimicrobial activity testing of
Dimethyl fumarate

Species Source Strain Growth media

Kluyveromyces fragilis Institute of Department of Agriculture NRRL Y-610 YM broth
National Regional Research Laboratories YM agar

Candida utilis American Type Culture Collection ATCC 9266 YM broth
YM agar

Streptomyces
natalenste

American Type Culture Collection ATCC 27448 YM broth
YM agar

Saccharomyces Dr. Sandine, Department of OSU (1) YM broth
fragilis Microbiology, Oregon State University YM agar

Corvallis, Oregon

Psychrotrophic Dr. Sandine, Department of OSU (2) CVT broth
slime-producer Microbiology, Oregon State Universtiy CVT agar

Streptococcus mutans American Type Culture Collection ATCC 25175 BHI
BHI agar

Streptococcus mutans Dr. John Cisar, National Institute
of Dental Research

BHI broth
BHI agar

Streptococcus sanguis Dr. John Cisar, National Institute
of Dental Research

BHI broth
BHI agar

Streptococcus mutans Dr. Susan Harlander, University of Serotype B BHI broth
Minnesota, School of Dentistry Serotype C BHI agar

Serotype G
LMT

Poria placenta American Type Culture Collection ATCC 9891 YM broth
ATCC 11538 YM agar

Growth Conditions

25°C, 48 hrs

25°C, 48 hrs

25°C, 48 hrs

25°C, 48 hrs

28°C

37°C, 48 hrs
anerobically

37°C, 48 hrs
anerobically

37°C, 48 hrs
anerobically

37°C, 48 hrs
anerobically

25°C, 7 days
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After appropriate incubation periods, colonies were counted

for each individual plate and the average of duplicate pla-

tes was reported as number of colonies per ml. To check

whether the effect of DMF was bacteriostatic or bac-

teriocidal, the plates (lowest concentration of DMF) which

did not show any growth were scrapped with a flame steri-

lized loop and streaked on fresh predried agar plates not

containing DMF. If there was no growth then it was

concluded that the effect was cidal. This effect was

studied only for Candida utilis, S. Natalenste, K. fragi-

lis, and P. placenta.

Stability of DMF in human plasma, rabbit blood, human

vaginal secretions, normal saline and dry heat at two dif-

ferent temperatures (45° and 80°C) was studied. DMF (300 mg

to 400 mg) was weighed and dissolved in 100 ml of ethanol

(Aldrich). This DMF solution was kept refrigerated until

use.

For stability testing of DMF in human plasma, expired

human plasma was obtained from the American Red Cross Blood

Services, Portland, Oregon. Three bags of plasma, one pint

each were obtained. Plasma was kept frozen and thawed

before use. Stability testing was conducted (in triplicate)

by placing 9 ml of thawed plasma in a test tube with a cover

into a stirring water bath maintained at 37°C + 0.5°C.

When the plasma was temperature equilibrated (15 to 20
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minutes) 1 ml of DMF solution (prepared in ethanol) was

added to the test tube containing plasma. After adding DMF

the test tube was vortexed and a sample of 200 microliter

(ul) was collected and was considered the zero hour sample.

The test tube was maintained in stirring water and samples

of 200 ul each were drawn at predetermined times. Samples

were analyzed by high pressure liquid chomatography (HPLC).

HPLC conditions are discussed later herein.

Rabbit blood for DMF stability in blood was obtained

from a male New Zealand white rabbit. The rabbit was

anesthetized orally with 10 ml of a mixture of sodium

pentobarbitol and sodium phenobarbitol (5 ml of sodium pen-

tobarbitol 100 mg/ml and 5 ml of sodium phenobarbitol 60

mg/ml dissolved in 10% ethanol and H2O) prior to withdrawal

of blood. Blood was withdrawn from a marginal ear vein into

heperanized vacutainers (Becton, Dickinson and Co., N.J.)

Stability tests were conducted (in triplicate) by placing 9

ml of rabbit blood into a hepranized vacuum tube and adding

1 ml of DMF solution (as described before), vortexed, main-

tained at 37°C in a stirring water bath and sampling (200

ul) at predetermined times. Samples were analyzed by HPLC

methods similar to plasma testing.

Human vaginal secretions were obtained from healthy (non

infected) volunteers at the Student Health Center, Oregon

State University, by Health Center personnel. Secretions
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were collected by wetting cotton swabs with secretions and

putting the swabs into 1.5 ml of freshly prepared DMF

(0.04%) solution in normal saline (Abbott Laboratories pH

5.7). DMF solutions (in normal saline solution) were kept

refrigerated before and after the vaginal secretions were

collected. Testing was conducted (in duplicate) within two

hours of sample collection, and samples were transported in

an ice box from the Student Health Center to the School of

Pharmacy. Sample tubes were then put in a stirring water

bath maintained at 37°C. Samples (50 ul) were collected at

predetermined times. Each tube was vortexed prior to each

sample collection. Samples were analyzed using HPLC. DMF

in only normal saline solution was also maintained at 37°C

and samples (50 ul) collected at predetermined times, which

were analyzed in a similar way as vaginal secretions. This

allowed partitioning of degradation results into portions

caused by vaginal secretions and portions caused just by

being in solution in normal saline.

The effect of heat on stability was evaluated by taking

100 ml DMF solution (0.015%) in a 150 ml bottle with a screw

top. This bottle was further sealed with parafilm. These

bottles containing DMF solution were kept in two different

ovens maintained at 45°C and 80°C. Samples (1 ml) were

drawn at predetermined times and analyzed by HPLC.

Samples collected during the study of stability of DMF
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in human plasma, rabbit blood, vaginal secretion, normal

saline and heat stability were put into a 500 ul centrifuge

tube. Immediately thereafter, an equal amount (equal to

sample volume) of acetonitrile (containing benzaldehyde as

internal standard) was added to precipitate protein. After

vortexing well the sample acetonitrile mixture was centri-

fuged (3000 XG, 20 minutes, at 8°C) and 25 ul of supernant

solution was injected into the HPLC.

Animals used for pharmacokinetic study were New Zealand

white rabbits, which were fed a standard commercial diet.

Female rabbits weighing 1.6 Kg were used for intravenous

administration (IV) of the drug. The rabbit used for oral

administration was a male weighing 2.5 Kg. Rabbits were

placed in an animal restrainer during administration of the

drug. Rabbit ear hair was removed by clipping and treating

with hair remover (Nair, Carter-Wallace, Inc., New York,

N.Y.) for ease of IV dosing and blood sample collection.

Intravenous DMF Administration

DMF solution for IV administration was prepared by

dissolving 400 mg DMF in an 18 ml mixture of solvent (13.5

ml Dimethyl Sulfoxide (Baker) and 4.5 ml PEG 400) in a test

tube with gentle flame heating for complete dissolution.

The DMF solution was passed through a 0.22 micron filter,

and then injected into an ear vein through a catheter

(Quick-cath (24G), Travenol Laboratories, Inc., Deerfield,
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IL) with haparin lock by continuous infusion over a period

of 57 minutes, using an infusion puthp (Model 941

infusion/withdrawl pump, Harvard Apparatus, Millis, MA.)

Oral Administration of DMF - 2.5 g of DMF (1 g per Kg)

was suspended in 10 ml of distilled water after trituration

with a small amount of Tween 80 as a suspending agent. The

oral suspension was given by intubation using a rubber

tubing which was about 1 cm in diameter and 15 cm long. The

tubing was flushed with an additional 8 ml of water to carry

all drug into the rabbit stomach.

Plasma preparation - Blood samples were collected at

predetermined times from an ear vein (opposite ear from the

infusion site, in the case of IV administration) using a

catheter (24 G) with a heparin lock infusion plug. The

catheter was flushed with 0.5 ml Heparin (200 units/ml)

before and after collecting each sample. Before inserting

the catheter, the rabbit ear was rubbed with benzocaine

(20%) in DMSO solution to dilate and anesthetize ear veins.

Immediately after each blood sample (about 0.5 ml) was drawn

and to 200 uls of this sample was added 200 uls of aceto-

nitrile containing benzaldehyde (internal standard) to pre-

cipitate the protein. This was vortexed and centrifuged

(3000 XG, 20 minutes at 8°C) and 25 microliters of super-

natant solution analyzed by HPLC. Whole blood was used for

analysis rather than plasma or serum.
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Standard solutions - Stock solution containing 100,

200, 300, 400, 500, 600, 700, 800, 900, and 1000 microliters

per ml of 0.3% DMF solution were prepared in ethanol. For

vaginal secretions and normal saline stability testing DMF

solution was prepared in normal saline. 100 microliter of

each internal standard solution was added to 900 microliter

of human plasma (in case of plasma stability study), or rab-

bit blood (in case of rabbit blood stability and phar-

macokinetic study), or distilled water ( in case of heat

stability study). This was vortexed thoroughly and 200

microliters of sample was withdrawn. To this sample, 200 ul

of acetonitrile (containing internal standard) was added,

vortexed, centrifuged (as described previously) and analyzed

by HPLC. Linearity of peak height ratio versus DMF con-

centration curves was investigated.. Excellent fit

(discussed in next section) of the standard curves was

obtained using Prophet (see Journal acknowledgements).

A high pressure liquid chromatographic system con-

sisting of delivery pump (M-6000A pump, Waters Associates,

Milford, MA), automatic sample injector, (model U6K injec-

tor, Waters Associates, Milford, MA), 30 cm reverse phase

C18 column (U Bondapak C18 column, Waters Associates,

Milford, MA), UV detector (model 440 absorbance detector,

Milford, MA) with wavelength of 254 nm and dual pen (Soltec

Company, Encino, CA) recorder were used. A guard column (14
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cm long and packed with C18 packing powder) was used to pro-

tect the column. The mobile phase used for HPLC was com-

posed of acetonitrile (10% v/v) in distilled water with 0.5%

acetic acid. Flow rate of the HPLC system was 2.0 ml/min

and chart speed 4 inches/hour. The retention times were,

DMF 9 minutes, internal standard 11 minutes, fumaric acid 2

minutes (an expected degradation product). This gave a

clear separation of DMF and internal standard.

Dosage form preparation:

Direct compression and wet granulation chewable tablets

containing DMF were prepared using a single punch tabletting

machine. Ingredients were mixed by geometric dilution

(formulation is given in Appendix II). DiPac was used for

direct compression tablets whereas for wet granulation

tablets 5% starch paste was prepared. All ingredients

(except magnesium stearate) were mixed with 14 ml of starch

paste, giving 0.2% starch in the formulation. The dough

prepared was passed through a sieve (No. 10) to obtain gra-

nules which were oven dried at 55°C for 3 hours. The dried

granules were passed through a number 6 sieve. Finally,

magnesium stearate was added and mixed thoroughly. Tablets

weighing 300 mg (direct compression) and 340 mg (wet

granulation) were prepared and dissolution tests were

conducted.

DMF capsules weighing 300 mg (DMF 100 mg and Talc 200
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mg) each, were prepared by mixing 2.5g of DMF and 5g of

talc. The mixed ingredients were filled in capsule

(Parke-Davis) size No. 2. Capsules were filled using a hand

operated gelatin capsule filling machine "Universal Model"

(Chemical and Pharmaceutical Industry Co. Inc., N.Y.).

Capsules were enteric coated by dipping (40) in the enteric

solution (Appendix II).

DMF (0.5%) suppositories were prepared using water

soluble base (PEG 400 66%, PEG 4000 25%, Glycerine 6%, Tween

80 0.5%) containing 0.5% DMF. Base was prepared by heating

the vehicle ingredients until they melted. Drug was mixed

with the warm base and the pH of the melt was adjusted to

4.5 using lactic acid. The melt to be molded was poured in

a prelubricated (liquid petroleum) and refrigerated mold.

This mold was cooled, trimmed, unmolded, wrapped and sup-

positories stored in a refrigerator (2-5°C).

DMF (0.5%) cream was prepared by using hydrophilic oint-

ment base (Appendix II). Steary alcohol and petrolatum were

melted by warming in an evaporating dish. Other ingre-

dients, except the drug were dissolved in warm water in

another dish. Vehicle ingredients were combined, drug added

and the pH adjusted to 4.5 using lactic acid.

A foam aerosol of DMF was prepared using the formulation

given in Appendix II. Water soluble or misible compounds

were combined in a beaker and heated with stirring. Oil
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soluble compounds were warmed in another beaker. Both were

mixed and the emulsion thus obtained was adjusted to pH 4.5

using lactic acid and was then transferred to the aerosol

container (General kinetics, Aerosol Product Development

Kit). The container was fitted with valve and gasket.

Propellent 12/114 (40:60) 8g was added. The actuator used

in the formulation was 0.016 inches mechanical break-up

regular taper of the type usually used for hair spray type

products. White foam spout type actuators generally used

for foam type formulations was not readily available, hence

not used.

The formulations containing 3% propionic acid prepared

were suppositories, foam aerosol and ointment. The for-

mulations were similar to DMF formulations except with

slight variations in the concentrations of inert ingredients

to accomodate a higher percent of propionic acid (higher

than DMF). All three formulations containing propionic acid

were also adjusted to pH 4.5. The complete formulations are

given in Appendix II.

Chewable tablets which were prepared by direct

compression and wet granulation were subjected to a dissolu-

tion test using the United States Pharmacopeia (USP) basket

stirrer method (41) with phosphate buffer. Phosphate buffer

was prepared by diluting 750 ml of potassium biphosphate

(27.2g dissolved in 1000 ml) and 586 ml of sodium hydroxide
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(8g dissolved in 1000 ml) to 3000 ml (pH adjusted to 7.4).

Water used for making phosphate buffer was degased by

boiling prior to use. 900 ml of phosphate buffer was placed

in each dissolution flask. Three tablets each prepared by

wet granulation and direct compression were broken with a

pestle and passed through a sieve (No. 6). This crushed

chewable tablet was placed in the rotating basket and

rotated at 100 revolutions/min. Temperature was maintained

at 37°C + 0.5°C throughout the dissolution test. Samples

were collected for all six tablets at 10, 20, 30, 45, and 60

minutes. Dissolution samples (5.0 ml) were collected with

replacement using temperature equilibrated dissolution

liquid. Samples were filtered and assayed for DMF with a UV

spectrophotometer (Beckman) at 230 nm. Similarly for

dissolution tests of enteric coated capsules, each capsule

was tested in enzyme free simulated gastric fluid (41) for

two hours and then transferred to enzyme free simulated

intestinal fluid (42) (phosphate buffer) and samples

collected for one additional hour. Samples collected from

gastric fluid every 15 minutes were replaced using tem-

perature equilibrated dissolution liquid. Samples from

intestinal fluid were collected every 10 minutes with repla-

cement. Samples collected were filtered and assayed for DMF

with a UV spectrophotometer.
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Testing of dosage forms for antimicrobial activity.

To test the DMF and propionic acid ointments, the

following method was adopted (43). A plate of YM agar was

spread with 0.2 ml of freshly grown cultures of Candida uti-

lis, and incubated for 24 hours at 25°C. It was found that

Candida utilis had grown uniformly over the plate. The

culture was cut into disks of 0.5 cm diameter with a sterile

cork borer and transferred with aseptic precautions to a

large globule of ointment (in a petri plate). The plug was

buried deeply into the ointment and, after 20 minutes, the

plug was transferred to 15 ml of wash solution (43) con-

sisting of 69% water, 30% acetone, 0.5% Span 20 (sorbitan

monolaurate) and 0.5% Tween 20. The disk in the solution

was shaken gently for a minute to remove any traces of oint-

ment. The almost clear disk was transferred to 10 ml broth

and incubated for 24 hours. After incubation the broth tube

was serially diluted and plated in duplicate on YM predried

agar plates and incubated for 24 hours at 25°C. Similar

treatment was given to a culture disk considered as control

but this disk was not dipped into any ointment.

To test DMF and propionic acid aerosols Candida utilis

was freshly grown, serially diluted and platted on the

predried agar plates. These plates were incubated (25°C)

for 24 hours. Incubated plates were sprayed with DMF or

propionic acid foam aerosol, reincubated for 24 hours and
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observed for microbial growth. Control plates were not

sprayed but incubated and counted in a similar way as those

sprayed with aerosol.

To test DMF and propionic acid suppositories the

following method was adopted. Test tubes containing 10 ml

of YM broth were inoculated with 0.1 ml of freshly grown

cultures of Candida utilis. One suppository of DMF or pro-

pionic acid was placed in a smaller test tube, which was

covered with a membrane filter (Bac-T-Flex Carl Schleicher

and Schnell Co., Germany) and sealed with sterilized tape.

The small tube containing the suppository was inverted

(Figure 1) in the larger test tube containing pregrown C.

utilus in YM broth. This was further incubated at 37°C (to

dissolve the suppository) for 24 hours. A control tube was

also incubated at 37°C for 24 hours. After incubation at

37°C for 24 hours the tubes were serially diluted, plated on

the predried agar plates, incubated (25°C) for 24 hours and

a colony count made. Suppositories containing DMF or pro-

pionic acid were also tested for the time in which they

would dissolve at 37°C. For this test, three beakers con-

taining 100 ml of distilled water were prepared and the pH

adjusted to 4.5 with lactic acid. These beakers were placed

in a stirring water bath maintained at 37°C. When the tem-

perature had equilibrated one suppository each containing

DMF or propionic acid and one commercially available vaginal
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suppository (AVCe by Merrel Dow Pharmaceuticals, Inc.) was

placed in one of the beakers containing distilled water at

pH 4.5. The time required for each suppository to dissolve

was observed.
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RESULTS AND DISCUSSION

Results obtained for activity testing of DMF against

yeasts i.e., K. fragilis, C. utilis, S. fragilis, and S.

natalenste, are summarized in Table 7. It was observed that

all the types of yeasts were susceptable to DFM at 0.05%

which was the lowest concentration tested. The number

"< 10" (less than 10) indicates (Table 7) that there was no

growth observed even at the dilution of 10-1.

Results for the activity of DMF against the wood molds

(P. placenta) are summarized in Table 8. Results reported

are visual observationof the growth of the molds. Both

strains of P. placenta were inhibited by 0.05% DMF, which

was the lowest concentration tested. It was observed that

plates not containing DMF had heavy growth of molds, whereas

plates containing only 0.05% DMF were totally free of any

growth. Further work at lower concentrations to determine

the minimum inhibitory concentration of DMF against these

wood molds is needed.

DMF activities against bacteria are summarized in Table

9. The slime producer was not inhibited at 0.05% DMF whereas

0.1% DMF was totally inhibitory and there was no growth

observed even at 10-1 dilution. S. mutans (ATCC 25175, and

the National Institute of Dental Research), LMT and S.



Table 7: Activity of Dimethyl fumarate against yeasts and Streptomyces natalenste

% concentration Kluyveromyces
of DMF fragilis

Candida utilis Saccharomyces
fragilis

Streptomyces
Natalenste

0.0 1.8 X 107 8.3 X 106 1.6 X 107 9.2 X 105

0.05% < 10 < 10 < 10 < 10

0.1% < 10 < 10 < 10 < 10

0.2% < 10 < 10 < 10 < 10

0.4% < 10 < 10 < 10 < 10

0.5% < 10 < 10 < 10 < 10

1.0% < 10 < 10

< 10 indicates that there was no growth even at 10-1 dilution.



Table 8: Activity of Dimethyl fumarate against Poria placenta

% concentration
of DMF

Strain 1606 Strain 11538

0.0 ++++ ++++

0.05% - -

0.1% - -

0.5% - -

++++ indicates heavy growth
indicates no growth



Table 9: Activity of Dimethyl fumarate against bacteria

% concentration
of DMF

Slime
Producer

Streptococcus mutans
B

S. mutans
National Inst
of Dental Res

LMT Streptococcus
SauguisATCC 25125 Serotype

0.0% > 3.0 X 107 8.0 X 105 4.0 X 105 3.3 X 107 6.0 X 105 4.0 X 101

0.02% 5.0 X 105 4.0 X 105 2.2 X 107 6.0 X 105 1.0 X 101

0.05% > 3.0 X 107 4.0 X 105 3.0.X 105 1.7 X 107 3.0 X 105 1.0 X 101

0.1% < 10 4.0 X 105 3.0 X 105 1.5 X 107 3.0 X 105 1.0 X 101

0.2% < 10 0.0 X 105

0.3% 0.0 X 105 small
colonies (SM)

< 10 < 10 < 10

0.4 < 10 - --

0.5% < 10 0.0 X 105 SM < 10 < 10 < 10

1.0% < 10

indicates this concentration of DMF was nOt'tested
SM- smaller colonies formed, much smaller than control at 10-1 dilution
< 10 indicates no growth at 10-1 dilution
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sanguis were not inhibited much at DMF concentrations up to

0.1% but they were all totally inhibited at concentrations

of 0.3% and above. It is interesting to note that the S.

mutans and LMT strain were about 50% inhibited at 0.1% con-

centration of DMF (S. mutans ATCC 25175 50% inhibited, S.

mutans NIDR inhibited 54% and LMT 50% inhibited). The

strain serotype b was not inhibited completely even at 0.5%

concentration. Even though serotype b was not completely

absent of growth at 0.5% DMF, very time colonies (much

smaller compared to control) of this strain were observed.

DMF stability tests in human plasma (replicated thrice)

results are summarized in Figs. 2-4. Fig 2 is the plot of

log in intact DMF concentratin vs. time. It can be observed

from this plot that the kinetic data obtained for degrada-

tion of DMf in human plasma follows first order kinetics.

Further, the elimination rate constants for the three repli-

cates are 0.004141, 0.00497, and 0.004357 (coefficients of

determination were (r2) 0.97, 0.993, 0.98 and the standard

deviations of regression were 0.088, 0.053, and 0.0697)

which gives the degradation half life of DMF in human plasma

as 167.35 min, 139.43 min, and 159.05 min. The average rate

constant and degradation half life would be 0.004489

min-1 and 154.4 min respectively. Fig 3 shows the percent

DMF remaining in the plasma to be degraded vs. time on a

semi log scale. This plot is given for easy reading of per-
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cent DMF to be degraded at a particular time. Since the

initial starting concentration of the three replications

were almost the same, the data was also pooled for analysis

as shown in Fig 4. The rate constant and degradation half

life from these plots were 0.004491 and 154.3 minutes

respectively which is quite close to the values obtained

from averaging the individual plotted data. It can be

concluded that DMF degradation in plasma follows first order

elimination with a half life of about 154 minutes. If DMF

has this half life in vitro in human plasma, it should be

expected that it would be eliminated very rapidly from the

body when it passes through the liver.

Stability of DMF in rabbit blood gave some interesting

results. Data obtained from this study were analyzed as

first order kinetic data and the plot of log concentration

vs. time gave r2 values of 0.94, 0.95, 0.96, and 0.95.

However, visual observation of the plots of data points

disclosed curvature rather than a good straight line fit for

all four replicates of the study (Fig 5). However, the plot

of 1/concentration vs. time curves gave excellent fits to

the data points giving r2 values of 0.997, 0.99, 0.995, and

0.993 (Fig 6). This suggests that the degradation of DMF in

rabbit blood could follow second order kinetics. Of all the

fits tried, log concentration vs. time, concentration vs.

time and 1/concentration vs. time, the best fit obtained
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was by 1/concentration vs. time. Plot of percent con-

centration vs. time (Fig 7) of DMF remaining to be degraded

in rabbit blood maintained at 37°C is also given for easy

reading of percent DMF to be degraded at a particular time.

Data obtained from the replicates having almost the same

initial concentrations (two each) were pooled together and

analyzed. The results are summarized in Fig 8 (r2 = 0.991

and .98) which gives the plot of 1/concentration and

1/percent concentration vs. time for one set of experiments

having initial conclusions of about 254 ugs /mi and another

set having an initial concentration of about 350 ugs /mi and

another set having an initial concentration of about 350

ugs/ml. Even though analysis of data suggests that DMF may

be following second order kinetics, a literature search did

not reveal any esterase enzymetic reactions following second

order kinetics. If we look at Fig 5 more carefully it could

be postulated that maybe different enzymes present in the

blood are degrading the DMf at different rates and the

degradation rate constant obtained could be an average which

corresponds to second order degradation. The precise mecha-

nism cannot be determined from the data available and the

time for 50% degradation of DMF in rabbit blood can only be

approximated as 10 min.

Results obtained from the study of DMf stability in

vaginal secretions are summarized in Figs 9, 10, and 11.
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Table 10: Degradation of DMF in solution maintained at 37°C

Time
(min)

PHla PH2b PHR0 CONC(UGS)/ML LOG
CONC

% DMF to be
Degraded

Log % DMF
to be Degraded

1/CONC

0 7.8 7.2 1.083333 398.6588 5.988106 99.99999 4.60517 .002508411

2 7.8 7.3 1.068493 393.2407 5.974422 98.64091 4.591486 .002542972

4 8.7 8.7 1. 368.234 5.908719 92.36822 4.525783 .002715664

6 8.1 8.3 .9759036 359.4365 5.884538 90.16144 4.501602 .002782132

8 8.9 9.3 .9569893 352.5309 5.865138 88.42924 4.482203 .00283663

10 10.9 12.2 .8934426 329.3303 5.797061 82.60956 4.414125 .003036465

22 9.9 12.2 .8114754 299.4043 5.701795 75.1029 4.318859 .003339965

a Peak height of DMF (HPLC chromatogram)

b Peak height of internal standard (HPLC chromatogram)

C Peak height ratio of DMF : Internal standard
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The data obtained could be well fit by linear regression

assuming first order kinetics for degradation (log con-

centration of DMF to be degraded vs. time). Fig 9 is a plot

of log concentration vs. time curves of the study conducted

in triplicate. Fig 10 is the plot of percent concentration

of DMF to be degraded in vaginal secretions vs. time.

Fig 11 shows the plots obtained by pooling the data from the

triplicate samples. The data of the three experiments was

pooled as the initial concentration of each study was almost

the same. The degradation rate constants obtained were

0.000555 hr-1, 0.0005443 hr-1, 0.0005382 hr-1 and the half

lifes were 21.15 hrs, 21.46 hrs, and 21.38 hrs respectively.

The degradation rate constant obtained from pooling all data

was 0.0005457 hr-1 and the half life was 21.16 hrs.

Results obtained from degradation of DMF in normal

saline are summarized in Table 10. Samples were collected

every two hours for the first 10 hours and then a sample was

collected at 22 hours. It can be observed from the table

that at the end of 22 hours, 25% of DMF was degraded. Plots

of log concentration of DMF to be degraded vs. time, con-

centration of DMF vs. time, and 1/concentration of DMF vs.

time are given in Fig 12. The R-squared values for the

three plots were 0.942, 0.923, and 0.957 respectively and

the standard deviation of regression was 0.0265, 10.616, and

6.59 respectively. The data points appear to be described
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by first order, second order and zero order kinetics. Of

course, this is impossible and is simply an artifact of

having too few data points over too long a time period. It

can be concluded that for DMF (400 ug/ml) in normal saline

maintained at 37°C, after 22 hours, only 255 is degraded,

whereas in vaginal secretions 50% degradation occurs in

about 21.2 hours. This suggests that degradation due to

vaginal secretions is due to some enzymatic action. DMF

should be sufficiently stable in the vagina on local appli-

cation to treat infections. It may be a good idea to also

study the degradation of DMF in vaginal secretions in normal

saline at a pH of 4.5. This would be helpful since the pH

of the vagina is about 4.5 and at that pH DMF degradation

might be more rapid.

Stability testing of DMF was also conducted at two dif-

ferent temperatures. Table 11 shows the amount of DMF

degraded with time at 85°C. Samples were collected at 0, 3,

7, and 14 days. Percent DMF remaining to be degraded at

85°C is listed in column 7 and it is observed that within 14

days almost 95% of DMF is degraded at this temperature.

Fig 13 shows the concentration of DMF to be degraded with

time at 45°C and 85°C. It can be observed from the figure

that about 28 percent of DMF was degraded in 8 weeks at

45°C. However, kinetics could not be determined from the

plots. These results show that DMF is reasonably stable in



Table 11: Degradation of DMF in solution maintained at 85°C

Time
(days)

PHIa PH2b PHRc CONC(UGS)/ML LOG
CONC

% DMF to be
Degraded

Log % DMF
to be Degraded

1/CONC

0 17.3 3.6 4.805556 141.6173 4.953128 100 4.60517 .007061284

3 4.7 3.6 1.305556 42.57939 3.75137 30.06652 3.403412 .02348554

7 2 3.6 .5555556 21.35698 3.061378 15.08077 2.71342 .04682311

14 .3 3.6 .08333333 7.994718 2.078781 5.645298 1.730823 .1250826

a Peak height of DMF (HPLC chromatogram)

b Peak height of internal standard (HPLC chromatogram)

Peak height ratio of DMF : Internal standard

-4



Table 12: Degradation of DMF in solution maintained at 45°C

Time
(days)

PHla PH2b PHRc CONC(UGS)/ML LOG
CONC

% DMF to be
Degraded

Log % DMF
to be Degraded

1/CONC

0 17.3 3.6 4.805556 141.6173 4.953128 100 4.60517 .007061284

3 13.4 3.6 3.722222 110.9627 4.709194 78.35392 4.361246 .009012036

7 11 3.6 3.055556 92.09835 4.522857 65.03326 4.174899 .01085796

21 14.5 3.6 4.027778 119.6089 4.784227 84.45923 4.436269 .008370583

28 14.6 3.9 3.74359 111.5673 4.714628 78.78087 4.36667 .008963197

35 15.4 3.6 4.277778 126.683 4.841688 89.45448 4.49373 .007893718

42 13.7 3.6 3.805556 113.3208 4.730222 80.01901 4.382264 .008824509

49 13.1 3.6 3.638889 108.6047 4.687714 76.68884 4.339756 .009207707

56 11.6 3.4 3.411765 102.1778 4.626715 72.15067 4.278757 .009786858

a Peak height of DMF (HPLC chromatogram)

b Peak height of internal standard (HPLC chromatogram)

Peak height ratio of DMF : Internal standard
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solution at 45°C (also refer Table 12). It is expected that

solutions of DMF should be stable for longer times at room

temperature.

Blood samples from rabbits after IV infusion and oral

administration of DMF were analyzed by HPLC. Measurable

peaks of DMF were not observed on the chromatographs,

suggesting that all DMF had been metabolized as soon as it

was administered or absorbed. However, another peak

appeared having a retention time of 2.5 minutes and this

peak increased in intensity with time. This was initially

assumed to be fumaric acid but it may not be since fumaric

acid exhibited a retention time of 2.0 minutes, which is

about 30 seconds difference from the metabolite peak. In

fact, fumaric acid added to rabbit blood was not separated

from the plasma solvent from components with the HPLC con-

ditions employed. Peak height ratios for the metabolite to

internal standard were initially converted to concentrations

of fumaric acid in micrograms/ml using standard curve

obtained by making fumaric acid solutions in ethanol and

analyzing various known concentration by HPLC. Of course,

this is totally incorrect if the metabolite is not fumaric

acid. It is somewhat useful, however, since the ratios thus

obtained allow calculation of a half-life for the metabo-

lite, whatever it may be. Further work is needed to iden-

tify the metabolite. Concentration of metabolite treated as
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fumaric acid ten minutes after the IV infusion was started

was 27.34 ug/ml and a maximum concentration of 72.14 ug/ml

was reached at 40 minutes. The 120 minutes (2 hours) sample

concentration of fumaric acid was 21.9 ug/ml. Samples were

collected only for two hours, since it was anticipated that

DMF would be eliminated very rapidly. The rabbit given the

continuous infusion had a damaged ear vein probably due to

the large quantities of DMSO being infused, hence this rab-

bit was sacrificed.

After oral administration of DMF (dose lg/kg) blood

samples were collected over 6 hours and these also did not

give detectable amounts of DMF in the plasma, but metabolite

peaks were obtained. A maximum concentration of 37.87 ug /mi

of fumaric acid was calculated at 50 minutes after oral

administration of DMF and at 6 hours 11.5 ug/ml was observed

(if the metabolite is fumaric acid). Figures 14 and 15 show

the log concentration vs. time curves of fumaric acid after

IV infusion and oral administration of DMF respectively.

Calculation of the elimination rate cnostant of the metabo-

lite from the log linear IV data provide a k of .0213 and a

half life of 32.6 min. From the oral administration data,

the elimination half life (from the elimination phase) of

the metabolite was calculated as 81.32 min. After oral

administration the elimination phase, as observed in Fig 15,

is not perfectly linear which indicated prolonged absorption
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and a possible flip-flop model which is consistent with the

low solubility for DMF. An attempt was made to collect and

analyze the metabolite (originally assumed to be fumaric

acid) using mass spectrometry. The metabolite HPLC waste

from the column outlet was collected when the metabolite

peak started to appear on the chromatogram and stopped

shortly after the peak disappeared. This sample was

extracted with ether and analyzed by mass spectrometry. The

mass spectra obtained indicated a molecular weight (m/e =

358) much higher than that of fumaric acid (m/e = 112).

Therefore, further isolation, purification and analysis of

the metabolite is suggested.

Results of dissolution tests performed on tablets and

enteric coated capsules are given in Fig 16. In case of the

tablets, if all the drug is released, the maximum absorbence

obtained would be 2.0. Fig 16a is a plot of absorbence vs.

time of the drug released from direct compression tablets.

Two of the tablets released seventy five percent of the drug

within 45 minutes. Whereas the third tablet released almost

ninety percent of the drug within thirty minutes. Fig 16b

gives plot of absorbence vs. time of the drug released from

wet granulation tablets. It could be observed that at the

end of sixty minutes (last sample collected) less than fifty

percent of the drug is released. This could be due to the

binde (starch) trapping the drug and not allowing its
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release. Fig 16c is the plot of absorbence vs. time of drug

released from enteric coated capsules. Enteric coated cap-

sules was in the simulated gastric fluid for 120 minutes,

and in simulated intestinal fluid from 120 minutes to 180

minutes. It could be observed that there is slight increase

in absorbence in the gastric fluid even at 120 minute sample

indicating, the release of polymeric coating. Whereas in

intestinal fluid the drug was almost one hundred percent

released within thirty minutes. These results indicate that

the drug should be soluble in gastric and intestinal fluid.

This also indicates that the enteric coating used is

reasonably good, and retards the release of the drug in

gastric fluid and releases the drug in intestinal fluid.

Suppository, ointment, and aerosols dosage forms con-

taining DMF or Propionic acid were tested for inhibitory

action against Candida utilis. Results are sumarized in

Tables 13, 14, and 15.

Results obtained from suppository testing are given in

Table 13. Column I of the Table is the dilution of test

broth under study. Columns 2, 3, and 4 give the average (of

duplicate) colony counts of Candida utilis for control, pro-

pionic acid containing or DMF containing suppositories. It

can be observed that (col 4) there was no growth of the

organisms when treated with DMF even at 10-1 dilution.

However, there was growth of 6.0 X 103 colony forming
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Table 13: Results of Suppository (containing DMF or propionic acid) tested against
Candida utilis

Dilution

Number of colonies of candida utilis (average of duplicates) for each
dilution plated.

Control (not
containing
suppository)

Suppository containing
propionic acid (3%)

Suppositories containing
dimethyl fumarate (0.5%)

10-1 > 300 > 300 0

10-2 > 300 51 0

lo-3 > 300 6 0

lo-4 > 300 0 0

lo-5 67 0



Table 14: Results of Ointment containing dimethyl fumarate or propionic acid against
Candida utilis

Dilution

Number of colonies of candida utilis (average of duplicates) for each
dilution plated.

Control 3% Propionic acid
ointment

0.5% Dimethyl Fumarate
ointment

10-1 > 300 0 > 300

lo-2 > 300 0 > 300

lo-3 > 300 0 > 300

lo-4 > 300 0 > 300

10-5 138 0 60

10-6 16 0 7



Table 15: Results of Effect of aerosol spray (containing DMF or propionic acid) against
Candida utilis plates grown for 24 hours (prior to spray) and incubated for 24
hours after the spraying of aerosol

Dilution

Number of colonies of candida utilis (average
dilution plated.

of duplicates) for each

Control (plates
not sprayed)

3% Propionic acid
foam aerosol

0.5% DMF

io-2

10 -6

> 300

> 300

> 300

> 300

76

7

*growth at the edges
of the plate

growth at the edges
of the plate

growth at the edges

no growth

no growth

no growth

*growth at the edges

growth at the edges

no growth

no growth

no growth

no growth

* Growth at the edges was found in these plates, however there was not growth in the
center of the plates, indicating that spray may not have been uniformly distributed.
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units/ml when the organisms were treated with propionic acid

containing suppository. Comparing the growth of culture

treated with a propionic acid suppository, the controls were

6.8 X 105 colony forming units per ml. Thus, both propionic

acid and DMF suppositories were found to inhibit the growth

of C. utilis even though DMF was superior to propionic acid.

Repeated application of propionic acid suppository may be

required for complete "cure" of yeast infections where

lesser applications of DMF suppositories may be sufficient

to control yeast infections. The results obtained from

dissolution testing of the suppositories indicated that the

suppositories were completely dissolved in 20 minutes in 100

ml of water (pH 4.5) maintained at 37°C. It took 22 minutes

for a commercially (AVC suppository) available suppository

to dissolve indicating our formulation to be at least

equally good as far as release of active ingredient is con-

cerned.

The ointment vehicle containing propionic acid or DMF

tested against C. utilis results are sumamrized in Table 14.

It can be observed that propionic acid completely inhibited

the growth of C. utilis (1.5 X 106 colonies/ml) even at a

dilution of 10-1, whereas DMF ointment did not inhibit the

growth. DMF ointment being less effective could be due to

DMF degradation since the ointment was buffered at pH 4.5

and kept at room temperature prior to test or it could be
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that the ointment base did not release DMF well to act

against the organisms. More work is needed to optimize a

dosage formulation but it is clear that both DMF and pro-

pionic acid are viable candidates for treatment of vaginal

infections.

Results of aerosol testing (Table 15) suggest that at

higher dilutions both propionic acid and DMF aerosols were

effective whereas at lower dilutions neither propionic acid

nor DMF were totally effective in inhibiting C. utilis

growth on the edges of the plate. This could be due to

uneven spraying of aerosol on the plates.
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SUMMARY

Dimethyl fumarate (DMF) was tested against several

microorganisms (Table 6) at concentrations ranging from

0.05% to 1%. The organisms tested included yeasts, bacteria

and molds. The results obtained from this study indicated

that 0.05% DMF was sufficient to inhibit the growth of molds

and yeasts, whereas it took a higher percentage of DMF for

inhibition of growth of bacteria. The psychotrophic slime

producer was inhibited by 0.1% DMF but was not completely

inhibited at 0.05%. S. mutans and S. sanguis were all

totally inhibited at 0.3% DMF whereas one of the strain of

S. mutans was not completely inhibited even at 0.5% DMF.

Results of the 'tests on the microorganisms are summarized in

Table 16.

Stability testing of DMF in human plasma demonstrated

first order degradation of DMF with the average (replicated

thrice) degradation rate constant being 0.004491 and half

life being 154.3 minutes. Degradation of DMF in rabbit

blood seems to be described by second order kinetics with an

approximate half life of 10 mins. DMF solution degraded 95%

in two weeks at 85°C whereas it degraded by only 28% after

eight weeks at 45°C.

Dosage form preparations of DMF were chewable tablets

(direct compression and wet granulation), enteric coated
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capsules, ointment, suppository, and foam aerosol. Dosage

forms containing propionic acid prepared were ointment, sup-

pository, and a foam aerosol. Dissolution tests of tablets

and capsules indicated that drug is released and dissolved

in simulated gastric and intestinal fluid with a half life

of 25 min and 15 min, respectively. Ointment, suppositories

and foam aerosols containing DMF or propionic acid were

tested against Candida utilis. Testing of product for-

mulations on C. utilis indicated that a suppository con-

taining DMF inhibited yeast growth completely whereas growth

of yeast was found at 10-1 and 10-2 dilutions. Aerosols

also inhibited the growth of yeasts at higher dilution, but

at lower dilutions there was growth observed at the edges of

the plate indicating uneven spraying of aerosols.
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Table 16: Summary of Antimicrobial activity
of Dimethyl fumarate.

Organism Strain % DMF required
for inhibition

Kluveromyces fragilis

Candida utilis

Sacharomyces fragilis

Streptomyces natalenste

P. placenta

Psychrotrophic slime

S. mutans

S. sanguis

NRRL Y-610 0.05%a

ATCC 9226 0.05%a

OSU (1) 0.05%a

ATCC 27448 0.05%a

ATCC 9891 0.05%a
ATCC 11538 0.05%a

OSU (2) 0.1%

ATCC 25175 0.2%

Serotype b 0.3%
LMT 0.3%
National I.

Dentistry 0.3%

National I.
Dentistry 0.3%

a lowest concentration listed
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CONCLUSIONS'

Dimethyl fumarate was found to be completely inhibitory

to the yeasts, molds and bacteria (except one strain of S.

mutans) tested. These results suggest that DMF may be

active against vaginal infecting microorganisms. DMF was

not stable in human plasma and rabbit blood in vitro

suggesting that DFM will not be very useful for systemic

infections. This is further indicated by a limited phar-

macokinetic study conducted by oral and IV administration

(one rabbit each) which resulted in no detectable amount of

DMF present in the blood sample obtained from the rabbits.

Dimethyl fumarate is not very stable at high tem-

perature whereas at 45 degrees it is more stable suggesting

that at room temperature and neutral pH DMF will be

reasonably stable. Further stability work is needed.

Degradation study of DMF in vaginal secretion suggests that

it is "clinically" stable, about 25% degraded in 21 hours, a

part of which could be due to the degradation effect of nor-

mal saline (pH 5.7). Hence, this suggests that DMF could be

used for vaginal infections in dosage forms for local appli-

cation. Even if DMF is absorbed through vaginal tissue

lining, it is non-toxic and would rapidly be degraded.

Preparation of dosage forms and their tests against C.
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utilis suggests that DMF in the form of a suppository would

be a useful dosage form. The dosage form should be buffered

to pH 4.5 and should be kept refrigerated to avoid rapid

acid hydrolysis of DMF. Powders or granules for reconstitu-

tion in douch solutions or suspensions should also be

excellent dosage forms of DMF.

The fact that this is just a preliminary study of DMF

as a potential medicinal agent should be appreciated. This

study gives guidance for further detailed investigations of

this compound. DMF has a high potential as a food additive,

so this study would give the directions in which further

work is required. It is suggested that further work of

importance would be collection, purification, and analysis

of metabolites and developing a powdered dosage form so that

DMF is not maintained under conditions before application

which allow degradation. One example could be a powdered

aerosol with two compartments, so mixing of inert ingre-

dients buffered at pH 4.5 and DMF would take place only

immediately before application.
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APPENDIX



APPENDIX I

Microbial growth media used in the study.

1. YM Media

Broth Agar

Yeast extract (Yeast Product, Inc.) 3g 3g
Malt extract (Difco) 3g 3g
Peptone (Difco) 5g 5g
Dextrose (Aldrich) lOg lOg
Agar (Difco) 20g

Above were dissolved in one liter of distilled water and
autoclaved for 20 minutes

2. Sodium Lactate Media

Broth Agar

95

Sodium lactate lOg lOg
Dibasic potassium phosphate (Baker) 0.25g 0.25g
Magnesium sulfate (MgSO4 7H20)

(Baker) 0.05g 0.05g
Trypticase (Difco) l0.Og l0.Og
Yeast extract (Yeast Product, Inc.) 10.0g l0.Og
Agar (Difco) 20g

Complete to 1 liter by adding distilled water and adjust pH
to 7.0.

3. CVT Media

a) Tryptone (Difco) 5g
Yeast extract 2.5g
Glucose (Baker) lg

b) Crystal violet 0.1g
Ethanol 100m1

c) 2,3,5 triphenyl tetrazolium chloride lg
Water 99m1

Prepare c and filter sterilize it. Take the ingredients in
a and dissolve in 1 liter of distilled water, adjust pH to
7.1. Add 1 ml of b and 5 ml of c, stir well and autoclave.
For making agar, add 15g of agar (Difco) and then autoclave.
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APPENDIX II

Formulations used for preparation of dosage forms

Taste of DMF was found to be sour and strong smelling.

1. Chewable tablets

Direct compression

DMF 11.00g
Dipac 23.50g
Sodium sachharine 00.036g
Orange flavor 00.250g
Orange color 00.180g
Magnesium stearate 00.540g

Total 35.436g

Wet granulation

DMF 11.0g
Mannitol 23.5g
Flavor raspberry 00.180g
Color pink 00.180g
Magnesium stearate 1.080g

Total 35.940g

2. Enteric coated capsules

Dipping solution (40) for enteric coat.

Cellulose acetate pthalate 7.5g
Diethyl pthalate 1.8g
Acetone 20m1
Ethyl alcohol 50m1

Capsule filling

DMF
Talc

2.5g
5g

300 ± 5 mg of above mixture filled in capsules.
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3. Suppositories containing DMF or propionic acid

DMF Propionic acid

Polyethylene glycol 400 68% 65.0%
Polyethylene glycol 4000 25% 25.0%
Glycerine 6% 5.0%
Tween 80 0.5% 0.5%
Active ingredient 0.5% 3.0%

pH adjusted to 4.5 by lactic acid or in Sodium bicarbonate.

4. Ointments containing DMF or propionic acid

DMF Propionic acid

Sodium lauryl sulfate lg lg
Propylene glycol 14.0g 13.5g
Stearyl alcohol 20.Og 20.Og
White petroleum 27.0g 26.0g
Purified water 37.0g 36.0g
Active ingredient 0.5g 3.Og
Perfume (Lavender) 0.5g 0.5g

pH adjusted to 4.5 using lactic acid in sodium
bicarbonate.

5. Foam Aerosol containing DMF or propionic acid

DMF Propionic acid

Stearic acid
Cetyl alcohol
Lanolin
Isopropyl myristate
Triethanolamine
Glycerine
Polyvinyl pyrolidone
Water
Propellent 12/114 (40:60)
Active ingredient
Perfume (Lavender)

3.5g 3.5g
0.5g 0.5g
0.3g 0.3g
1.33g 1.32g
3.35g 3.35g
4.2g 4.2g
0.3g 0.3g
86.0g 83.0g
8.Og 8.Og
0.5g 3.Og
0.5g 0.5g

pH adjusted 4.5 using lactic acid in sodium bicarbonate.
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