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Abstract 1 Cetyl myristoleate was isolated from National Institutes
of Health, general purpose, Swiss albino mice that were immune to
the polyarthritis induced in rats with Freund’s adjuvant. This substance,
or material synthesized from cetyl alcohol and myristoleic acid, afforded
good protection against adjuvant-induced arthritic states in rats. In
limited comparisons, cetyl oleate, also found in Swiss albino mice,
gave lesser protection, whereas cetyl myristate and cetyl elaidate, the
trans-isomer of cetyl oleate, appeared to be virtually ineffective. Dosage
of the protective compound as well as the site of injection of Freund's
adjuvant was important.

Although Harwick et al.! have produced arthritic mice by
intravenous injection of Mycobacterium pulmonis, repeated
attempts by us to induce polyarthritis in National Institutes of
Health (NIH), general purpose, Swiss albino mice by subcuta-
neous (s¢) administration of Freund’s adjuvant (heat-killed,
desiccated Mycobacterium butyricum),to which rats and certain
otherrodents are susceptible,2 were unsuccessful. These failures
prompted a search for a substance in these mice that might
confer immunity to artificially induced, generalized arthritis.
We report herein the isolation and identification of such a
substance, cetyl myristoleate, as well as its limited testing against
adjuvant arthritis in rats. Also tested, in limited trials, were
three related esters; that is, cetyl myristate, cetyl oleate, and
cetyl elaidate, the trans-isomer corresponding to cetyl oleate.
[Because this work was carried out by a private individual
(H.W.D.) with limited financial and space resources, only a
relatively few experimental trials were possible and some
desirable controls were omitted. It is to be hoped that our very
promising but preliminary results will stimulate other investi-
gators to repeat and extend our studies with larger test groups
and more exact protocols with respect to dosages and length of
trials and, particularly, more extensive tests of cetyl myristoleate
analogues.]
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The putative “protective factor”, cetyl myristoleate, was
extracted from Swiss albino mice with methylene chloride and
purified by silica gel column chromatography. It was identified
by alkaline hydrolysis to cetyl (hexadecyl) alcohol and myristoleic
(cis-9-tetradecencic) acid. The only other report® of cetyl
myristoleate in nature is its occurrence as one component in a
complex mixture of waxes in the anal gland of male beavers; that
is, Castor fiber. Fatty acid cetyl esters are known to occur in
sperm whale oil.4
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Experimental Section

Isolation of Cetyl Myristoleate—Eighty male Swiss albino mice,?
weighing a total of 2300 g, were killed using chloroform and macerated,
eight at a time, in a Waring blender with 400 mL of CH;Cl; per group
of eight. The total suspension, in two 4-L beakers, was stirred until the
CH,Cl; layer separated. The total mixture was filtered through a 6-mm
layer of Filter-Cel, a powdered cellulose filter aid. The residue was
washed with two 100-mL portions of CHxCl;. The combined filtrate
and washings were transferred to a large separatory funnel, and the
CH Cl; layer was withdrawn from a small volume of aqueous layer, filtered
again, and concentrated under reduced pressure to a mobile oily residue
(167 g), which was treated with 670 mL of acetone and left at —5 °C for
3 days with brief stirring each day. This mixture was filtered by light
suction through a 3-mm layer of Filter-Cel. The residue was washed
with four 25-mL portions of cold (-5 °C) acetone. The combined filtrate
and washings were evaporated under reduced pressure to an oil (121 g)
that was dissolved in 50 mL of pentane (bp, 20-40 °C):diethyl ether
(20:1) and chromatographed on 2500 mL of 70-325 mesh silica gel ina
25 X 14-cm column with pentane: ether (20:1) aseluate. After collecting
1500 mL of eluent, eleven 100-mL and six 200-mL fractions were collected.
Fractions 3-15 were combined and filtered under suction through 120
g of Darco-X decolorizing carbon, which in turn was washed with several
portions of CH2Cl,. The combined filtrate and washings were evaporated
under reduced pressure to a residue (0.8 g) that was rechromatographed
with a column (129 X 7.5 ¢cm, 350 mL) of 70-325 mesh silica gel and CCl:
ether (40:1) as eluate. Fractions 67-79 (6 mL each) gave 0.4 g of material
that was rechromatographed [43 X 2.5-cm column of 125 mL of silica
gel; CCly: ether (60:1)] with 2.5-mL fractions collected. Fractions 117-
127 gave an oil (0.15 g) that proved to be principally cetyl myristoleate,
identified as described below. The preceding fractions (105-115)
provided 0.07 g of cetyl oleate.® Bioassays in arthritic rats were used
throughout to monitor the isolation and purification of the “protective
factor” after it was established that the crude or partially purified mouse
extract did indeed prevent adjuvant-induced arthritis in rats (see
Biological Testing of Cetyl Myristoleate below). TLC was used to
correlate this biological activity with the silica gel column fractions.
Activity was found in a nonpolar fraction of three closely migrating
components, with maximum activity shown by the material of inter-
mediate retardation factor (Ry) in the TLC system cyclohexane:isopropyl
ether (9:1). This proved to be a mixture of cetyl oleate and cetyl
myristoleate, separable by TLC in another solvent system.®? Cetyl
myristoleate was also isolated from nine wild mice, and its presence in
wild mice was also be demonstrated in two other experiments by TLC.?

Anal.—Caled for C3gHsg09: C, 80.0; H, 12.9. Found: C,78.6;H,12.9.

Chemical Identification of the Protective Factor, Cetyl
Myristoleate—A mixture of 0.15 g (0.33 mmol) of cetyl myristoleate,
obtained as described above, 2 mL of acetone, and 3 mL of 10% aqueous
NaOH was refluxed with stirring for 14 h, treated with 10 mL of H,O
and 0.7 mL of 12 M HCI, and extracted with four 5-mL portions of
CH:Cl;. After drying with sodium sulfate, filtration through Filter-Cel,
and evaporation of the CHzCl, under reduced pressure, 0.14 g of residue
was obtained and was chromatographed on a column (30 X 2.5 cm, 140
mL) of silica gel with CH,Cly as eluate. One 400-mL and 110 6-mL
fractions were collected. Fractions 20-55 gave 40 mg (50%) of cetyl
alcohol [melting point (mp), 49-50 °C after recrystallization from
ethanol]. Onadmixture, this material did not change the mp of authentic
cetyl alcohol and had the same Ry (0.46) on TLC (70:30:2, pentane:
ether:acetic acid).

Anal.—Calcd for CigH340: C, 79.3; H 14.1. Found: C,79.2; H 14.3.

Fractions 89-100 yielded 60 mg (80%) of an oil that was further
purified by chromatography with CHyCly:ether (3:1) and identified® as
myristoleic (cis-9-tetradecenoic) acid.

© 1994, American Chemical Society and
American Pharmaceutical Association



Figure 1—Sprague-Dawley rats 58 days after sc injection of Freund's
adjuvant in the tall.

Figure 2—Enlarged view of several rats shown in Figure 1.

Anal.—Caled. for C1iHzs04: C,74.3; H,11.6 (neutralizationequivalent,
226.4). Found: C, 74.1; H, 11.7 (neutralization equiv., 225.5).

Synthesis of Cetyl Myristoleate—A mixture of cetyl alcohol (150
mg, 0.62 mmol), 140 mg (0.62 mmol) of myristoleic acid, 50 mg (0.3
mmol) of p-toluenesulfonic acid, and 20 mL of benzene was refluxed
(Dean-Stark water trap) for 4 h. The solution was washed with 10%
aqueous NaOH, dried with Na;SO,, and evaporated under reduced
pressure to give 300 mg of mobile oil, identical to cetyl myristoleate?
isolated as described above. Cetyl myristoleate was also prepared from
cetyl alcohol and myristoleic acid obtained from the hydrolysis of the
ester isolated from Swiss albino mice.

Anal.—Caled for C30Hg0s: C, 80.0; H, 12.9. Found: C,79.3; H,13.2.

Attempts to Induce Arthritis in Swiss Albino Mice—Ten normal
NIH, general purpose, male Swiss Albino mice, weighing 19-22 g, were
injected sc with 200 ug of heat-killed, desiccated Mycobacterium
butyricum [Bacto M. Butyricum (Difco 0640-33), Freund’s adjuvant]
in 0.1 mL of light mineral oil (Carroll Chemical Company, Baltimore,
MD) in the tail 5 mm from the point of attachment to the body. In a
period of 10-20 days, no noticeable swelling developed in the legs or
paws. A second group of five mice were each injected with the same
quantity of Freund’s adjuvant in the left hind paw. Again, after 10-20
days, no swelling was detected as determined by comparison of the
measurements of the paws made with a small metric tape at the time
of injection.

Biological Testing of Cetyl Myristoleate—A group of 10 male
rats (Sprague-Dawley strain from Hormone Research Labs., Inc., Chicago,
IL), weighing 160-180 g, were each injected (1.3 cm, #26 needle)
parenterally at the top of the rump with 440 mg of a nonpolar fraction
containing cetyl myristoleate (fractions 67-79 obtained from Swiss albino
mice as described above) in 1.0 mL of light mineral oil. Forty-eight
hours later, the same rats were inoculated with Freund’s adjuvant (1.0
mg of Bacto M. Butyricum in 1.0 mL of light mineral oil, slightly warmed).
The sc injection was made in the tail ~1.9 cm from the point of
attachment to the body. A control group of nine rats received only
Freund’s adjuvant. Both groups were observed for a total of 58 days
with respect to weight change, hind and front leg swelling (hind legs
were measured just below the knee, front legs just above the paw), and
general well-being. The results after 58 days are shown in Figures 1-3
and data are summarized in Tables 1 and 2.

Synthetic cetyl myristoleate was tested similarly. Groups of four and
five rats were studied for 26 and 28 days, respectively, after an injection
into each animal of 756 mg of synthetic cetyl myristoleate 48 h before
inoculation with Freund’s adjuvant (Table 1).

Figure 3—Sprague-Dawley rats 58 days after sc injection of Freund's
adjuvant in the tail preceded 48 h earlier by sc injection with cetyl
myristoleate (isolated from Swiss albino mice) in the rump.

Table 1—Comparison of Leg Size and Weight Gain in Cetyi
Myristoleate-Treated and Control Rats

Leg Size (circumference), cm

Front Hind
Treatment Right Left Right Left WaelghtGain, g
control® 28 3.1 5.2 5.3 25.8(7.0)
(0.05) (0.14) (0.18) (0.18)
Treated? Normal 80.0(11.6)
Treated® Normal 104
Treated? Normal 98

2 Non-treated (control) rats were a group of nine injected 33 days
earlier with Freund’s adjuvant only. SEM in parentheses. Rats shown
in Figures 1 and 2 at 58 days. ® Treated rats were a group of 10
injected at 2500 mg/kg with an extract containing natural cetyl
myristoleate isolated from Swiss albino mice, followed 48 h later by
injection with Freund’s adjuvant. Data obtained 33 days later. Rats
shown in Figure 3 at 58 days. A one-tailed p value of <0.0001 was
obtained comparing the average of right and left hind leg circumferences
of nine non-treated rats with averaged hind leg circumferences of four
treated rats selected atrandom. ° Five rats were injected with synthetic
cetyl myristoleate at 450 mg/kg, followed 48 h later by injection with
Freund’s adjuvant. Data obtained 28 days later.  Four rats were
injected with synthetic cetyl myristoleate at 450 mg/kg followed 48
h later by injection with Freund’s adjuvant. Data obtained 26 days
later.

The same procedure was used (except that Freund’s adjuvant was
sometimes injected 24 h, rather than 48 h, later) with doses containing
partially purified mouse extract in a bioassay. In onetrial, after injection
into rats at 2500 mg/kg of a partially purified extract containing all four
nonpolar components, no leg swelling and normal weights were observed
in seven out of 10 rats when examined 23 and 33 days after inoculation
with Freund’s adjuvant. Here, the amount injected per rat is roughly
equivalent to 0.1 the total amount of nonpolar material obtained from
80 mice. In other trials, the substance, corresponding to the lowest Ry
component of the four detected by TLC in nonpolar fractions of the
mouse extract, gave no protection at 1350 mg/kg against adjuvant-induced
arthritis in five rats after 15 days. Also, five rats similarly treated with
the highest R; materials in the nonpolar fraction at 600 mg/kg likewise
received no protection after 15 days.

Biological Testing of Other Cetyl Esters:—The procedure was
the same as above except that the dosage of cetyl oleate, cetyl elaidate,
or cetyl myristate was 1.5-2.5 times higher than that used for cetyl
myristoleate (Table 3).
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Table 2—Comparison of Welght Gains between Cetyl
Myristoleate-Treated and Non-Treated Rats

Days® Treated” Non-Treated® P (X 1027
10 50.0 £ 4.0 114+ 6.2 0.10
13 57.3+57 13.4+ 6.2 0.09
16 51.7+7.4 12.8 £ 5.7 0.78
23 57.9 £ 10.7 135+7.2 1.96
33 80.0 £ 11.6 258*+7.0 0.58
46 110+ 11.0 61.1+9.6 1.80
58 125+ 11.0 82.8 &+ 10.3 5.18

4 Days from Injection of Freund's adjuvant. ® Average weight gain
(g) & SEM for a group of 10 rats, weighing 175-180 g at the start and
treated 48 h earlier with 2500 mg/kg of a partially purified mouse
extract containing cetyl myristoleate (rats shown in Figure 3). ¢ Average
weight galin {g) & SEM for a group of nine rats, weighing an average
of 188 g at start, and given Freund's adjuvant alone (rats shown in
Figures 1 and 2). 9 The two-tailed p value, resulting from a parametric
T test with unpaired values.

Table 3—Comparison of Leg Size and Welght Gain In Rats
Treated with Reduced Dosages of Cetyl Myristoleate and
Increased Dosages of Other Cetyl Esters

Dose, Number Rats with Woeight
CetylEster mg/kg ofRats Days® SwollenLegs Gain®
Cetyl 29054 5 24 3 56
myristoleate 29 3 68
32 2 75
Cetyl 650 4 23 4 34
myristate
Cetyl 3704 5 24 5 45
oleate 33 4 59
1100 5 24 3 49
1170 4 24 3 64
Cetyl 1200 5 24 3 87
elaidate
Cetyl
oleate
plus 700° 5 23 2 56
cetyl 26 2 69
myristoleate

(1:1)

2 Number of days between injection of Freund's adjuvant and
observations. ? Rats were weighed (g) as a combined group at the
beginning and end of the period of observation; therefore, weight gains
anddoses are averages. ¢ Natural material used; synthetic esters were
used in all other cases. ? Freund’s adjuvant injected 24 h earlier rather
than the usual 48 h earlier.

Results and Discussion

Asseenin Figures 1 and 2, all rats receiving Freund’s adjuvant
alone developed severe swelling of the hind legs. This is first
observed 10-13 days following the injection of Freund’s adjuvant.
The legs averaged 5.2 cm in circumference compared with 2.3
cm for normal rats (Table 1). These rats gained only an average
of 14 g each during a 32-day period of observation and were
lethargic and morbid (Table 2). Inseveral trials (datanotshown),
rats lost weight steadily between days 8 and 21, then began to
gain at a slowly increasing rate. Those receiving Freund’s
adjuvant plus cetyl myristoyleate isolated from Swiss albino mice
gained an average of 80 g each in the same 32-day period and
in almost every instance, there was little, if any, evidence of
swelling or other symptoms of polyarthritis (Figure 3, Table 1).
The weight gain difference per rat between the two groups
averaged 40-50 g, reached a maximum at 33 days, and then
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declined slightly up to the 58th or last day of observation (Table
2). It was consistently found that rats with swollen legs were
invariably of lower weight, typically 50 g lighter, than those with
no swelling.

Synthetic cetyl myristoleate prevented swelling at 430-450
mg/kg in all rats challenged with Freund’s adjuvant. Here even
greater weight gains were observed after a 26-28-day period
(Table 1).

In separate experiments, livers of two of the arthritic rats
were excised 30 days after injection of Freund’s adjuvant and
were found increased in weight by 32% over livers of untreated
rats of the same body weights.

Analogues of cetyl myristoleate were also tested for their ability
to retard or prevent adjuvant-induced arthritis in rats.  Tested
were the saturated ester, cetyl myristate, and two homologues
[cetyl oleate, having the same 9-10 position of its cis (Z)-double
bond as present in cetyl myristoleate; and cetyl elaidate, the
trans (E)-isomer corresponding to cetyl oleate]. In verylimited
preliminary trials, only cetyl oleate had any significant activity,
though much less than cetyl myristoleate (Table 3). A 1:1 mixture
of cetyl oleate and cetyl myristoleate (700 mg/kg total dose)
gave results not greatly different from cetyl myristoleate alone
at 350 mg/kg.

That the protection given by cetyl myristoleate was dose
related is suggested by the fact that at 250-300 mg/kg, only two
of five treated rats were free of symptoms. In the case of cetyl
oleate, 1 g/kg gave protection to two of five treated rats, whereas
370 mg/kg gave little or no protection. Additional work with
larger test groups is necessary to confirm these dose-related
responses.

Two sets of five-rat trials with no mineral oil were performed
to rule out any effect of the vehicle. At doses of 500 mg/kg of
neat synthetic cetyl myristoleate followed 48 h later by inocu-
lation with Freund’s adjuvant, all five rats in one trial appeared
normal at 32 days and had gained an average of 119 g each. In
another trial at 400 mg/kg, two rats had slightly swollen hind
legs at 32 days and the other three were normal.

In conclusion, it is apparent that cetyl myristoleate alone, of
the four fatty acid esters tested, gave virtually complete
protection against adjuvant-induced arthritis in rats when
administered sc neat or in mineral oil, at a dose of 450-500 mg/
kg, 48 h before inoculation with Freund’s adjuvant. It seems
significant that cetyl myristoleate can be isolated from Swiss
albino mice immune to adjuvant arthritis but not from susceptible
rats.’? The minimum levels of cetyl myristoleate in a mouse can
be estimated at 350 mg/kg.

The elapsed time between administration of cetyl myristoleate
and Freund’s adjuvant is evidently not very critical nor is the
order of these injections. In one experiment, a partially purified
extract containing cetyl myristoleate was administered at 2200
mg/kg to a group of nine rats, four days after the injection of
Freund’s adjuvant. It still provided complete protection to five
of the nine when observed 29 days later.

Cetyl myristoleate injected at the top of the rump does not
reach either the hind or front paws in amounts detectable by
TLC during 10 days, although significant amounts of mineral
oildo. Cetyl myristoleate was accumulated in other parts of the
rat, with highest concentrations, along with mineral oil, in the
liver. This may be significant in the observed biological function
of cetyl myristoleate in preventing adjuvant-induced arthritis
in the rat.

It should be emphasized that the site of administration of
Fruend’s adjuvant appears to be critical. Positive results were
obtained by us on administration of cetyl myristoleate at the
top of the rat’s rump 48 h before injection of Freund’s adjuvant
in the tail -2 cm from the body. No protection was observed
when cetyl myristoleate was administered in the rump 48 h before
injection of the adjuvant to the foot.!!
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