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Abstract. A preparation of a triacontanol-containing compound was studied for its effect 
on cells involved in the inflammatory response. C57BL/6 mice were injected intraperi- 
toneally with various concentrations of this compound and investigated for total body 
weight, wet weight of thymus tissue, number of thymus cells and splenocytes, interleukin 
1 production of spleen monocytes, and response of splenocytes to the T cell mitogen, 
phytohemagglutinin. Mice treated with the triacontanol preparation exhibited decreased 
total body weight, 24% reduction in thymus weights, 39% decrease in the number of 
thymus cells, and 21% depression in total splenocytes. Splenic monocytes of these 
animals produced a significantly reduced amount of interleukin 1 and splenocytes had 
a significantly depressed response to phytohemagglutinin. It is concluded that triacon- 
tanol has an inhibitory effect on at least some of the cells responsible for 
inflammation. [P.S.E.B.M. 1992, Vol2001 

considerable need exists for anti-inflammatory 
topical preparations that are not steroid based. A Compounds containing halogenated steroids in 

use today cannot be applied safely to certain areas of 
the body, such as the face, and can be toxic if applied 
to areas where they can become systemically active. 
Triacontanol, a naturally occurring preparation found 
in beeswax and plant products, is a plant growth regu- 
lator (1-3). Chemically, this compound is a carbon-30 
alcohol with multiple contaminating fatty acids esters 
and other free acids. An earlier study (4) suggested that 
a triacontanol-containing preparation may have anti- 
inflammatory properties on chemically induced irrita- 
tion, dinitrochlorobenzene-stimulated allergic derma- 
titis, and thymidine uptake of lymphocytes in guinea 
pigs. Moreover, L. L. C. (personal observations) has 
preliminary findings that this compound has anti-in- 
flammatory properties when applied topically. 

This study was undertaken to investigate the sys- 
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temic effects of in vivo exposure to triacontanol on 
inflammation by examining the numbers and functions 
of cells involved in the inflammatory response, includ- 
ing monocytes, lymphocytes and thymus cells. While 
this study may not relate completely to the topical or 
nonsystemic administration of triacontanol, it was de- 
signed in this manner to more extensively investigate 
the immunologic effects of this compound. 

Materials and Methods 
Mice. Young adult female C57BL/6 mice (Simon- 

son Laboratories, Gilroy, CA) weighing approximately 
20 g were used. The animals were caged in shoebox 
style polycarbonate cages containing ground corncob 
bedding (Mt. Pulaski Products, Mt. Pulaski, IL) and 
fed standard mouse chow and water ad libitum. The 
mice were used after a 24-hr quarantine. 

Compound. Triacontanol, also known as melissyl 
alcohol, myricyl alcohol, and 1 -hydroxytriacontane, 
having the chemical formula CH3 (CH2) K H 2 0 H ,  was 
provided by Royal Pharmaceutical Corp., Bountiful, 
UT. This compound contained 16.7% carbon-28 alco- 
hol, 66.6% carbon-30 alcohol, and 16.6% carbon-32 
alcohol components. Mixture purity of greater than 
99.9 % was verified by gas chromatography. Hydrocor- 
tisone acetate was obtained from Sigma Chemical Co. 
(St. Louis, MO). Both compounds were suspended in 
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0.7% methylcellulose containing 0.7% Tween 80 for 
these studies. 

lnterleukin 1 Production Assay. The ability of the 
monocytes to produce interleukin (IL) 1 was examined 
in a 24-hr culture of these cells with Escherichia coli 
lipopolysaccharide (Sigma) at a concentration of 20 pg/ 
ml(5). Supernatants from these cultures were tested for 
IL-1 content by their ability to stimulate the blastogenic 
activity of mouse thymocytes in a 48-hr assay. The cells 
were then harvested on glass fiber filter paper disks 
using a Skatron cell harvester (Flow Laboratories. Ir- 
vine, CA) and the uptake of radioactivity was deter- 
mined using a Packard Tri-Carb 1500 liquid scintilla- 
tion counter (Packard, Downers Grove, IL). 

T Cell Blastogenesis Assay. As described previ- 
ously (6), splenocytes (2 x 10') were pipetted in tripli- 
cate into wells of flat-bottomed 96-well microplates 
(Corning, Corning, NY) in a volume of 0.1 ml. Phyto- 
hemagglutinin (Gibco, Grand Island. NY) of various 
concentrations in medium containing 20% fetal bovine 
serum was added to each well in 0. I-ml aliquots. The 
plates were incubated 48 hr at 37°C. During the last 24 
hr of incubation, the cells were pulsed with 0.4 pCi of 
[3H]thymidine. The cells were then harvested on glass 
fiber filter paper disks, as described above with the IL- 
1 assay. 

Experimental Design. This investigation was car- 
ried out in two parts: a preliminary investigation of the 
toxicity of the triacontanol-containing compound and 
a subsequent study to determine immunologic effects 
of this compound in the murine host. In the preliminary 
study, triacontanol in concentrations of 200 mg/kg, 64 
mg/kg, 20 mg/kg, 6.4 mg/kg, and 2 mg/kg was admin- 
istered intraperitoneally in a single treatment to five 
mice per concentration. All mice were weighed imme- 
diately prior to treatment and again 24 hr later. They 
were observed for death daily for 14 days. 

For the immunologic studies, mice were injected 
intraperitoneally with 80 mg/kg, 40 mg/kg, 20 mg/kg. 
and 10 mg/kg of the triacontanol-containing com- 
pound using five animals per dosage level. These con- 
centrations were based upon results of the preliminary 
toxicity studies and those used in a previous study in 
guinea pigs in which triacontanol was shown to depress 
thymidine uptake of lymphocytes (4). Hydrocortisone 
acetate in a concentration of 200 mg/kg as a positive 
control and methylcellulose-Tween 80 as a negative 
control were similarly administered to five mice each. 
Five untreated control animals, randomized with the 
treated animals, were also set aside as an additional 
negative control. Forty-eight hours later, the mice were 
sacrificed, their thymuses removed and weighed, and 
thymus cells in each animal were counted by standard 
techniques. The number of nucleated cells in the spleen 
of the animals was determined by the use of crystal 
violet. Spleens were removed from the animals and 

Table I. Toxicity of Triacontanol Administered 
lntraperitoneally in a Single Injection 

Host weight 

(9) 
Dosage Survivors of changeb 
(mglkg) totala 

+0.30 
0.00 

-1.98 
-1.78 
-1.82 
-1.04 

Normal untreated 515 
Diluent treated" 515 

200 515 
64 515 
20 515 

6.4 515 
2.0 515 +0.14 

a Fourteen-day observation period. 
' Day 1 weight minus Day 0 weight. 
' Methylcellulose, 0.2 ml. 

Table II. Effect of Triacontanol on the Weight of 
Thymus Tissue 

Wet weight of 
Dosage thymus tissue 

(mg) (mglkg) 
Treatmenta 

Normal untreated 72 f 4' 
Diluent treatedc 65 f 4 
Hydrocortisone 200 32 f 4d 
Triacontanol 80 55 k 4d 

40 59 f 9d 
20 61 f 4d 
10 60 k 4d 

' n  = 5. 
Mean & SE. 
Methylcellulose, 0.2 ml. 
P < 0.05. 

Table 111. Effect of Triacontanol on the Number of 
Thvmocvtes and Splenocvtes 

Number of cellsb 
Treatmenta 

Dosage Thymocytes Splenocytes 
(mglkg) ~~ 

Normal untreated 246.7 f 20.7 90.2 f 7.9 
Diluent treated' 206.2 f 20.4 99.8 k 21.6 
Hydrocortisone 200 9.2 f 3.5d 3.2 f 0.8d 
Triacontanol 80 150.8 f 24.2' 83.0 +. 18.0 

40 165.2 f 30.6 81.2 k 14.6 
20 171.8 f 18.2 78.1 f 11.4 
10 186.0 f 13.7 70.9 k 7.2d 

" n = 5 .  
' Total number of cells x 1 O6 f SE. 
' Methylcellulose, 0.2 ml. 

P < 0.05. 

were processed into a single-cell suspension using a steel 
mesh. Following separation over a Ficoll gradient, the 
cells were used in the IL-1 and T cell blastogenesis 
assays. 

Statistical Analysis. Means and standard errors of 
each group of values were determined. Differences be- 
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Table IV. Effect of Triacontanol on the Production 
of IL-1 

Mean incorporation at dilution o f -  
Treatmenta Dosage supernatantb 

1/4 
(mg/kg) 1,2" 

Normal 24,200 f 991 21,840 f 1,027 
untreated 

treatedd 

sone 

tanol 

Diluent 23,200 f 4,397 20,800 f 2,223 

Hydrocorti- 200 17,420 f 1,321" 16,000 f 2,027 

Triacon- 80 15,840 f 1,442" 14,150 f 446' 

40 16,960 f 638" 17,340 f 1,022 
20 18,020 f 1,995 15,720 f 1,897 
10 19,050 k 2,054 16,910 f 1,531 

'n = 5. 
Mean total incorporation in counts/min of tritiated thymidine 5 SE. 
Dilution of supernatant (obtained from incubating mouse spleen cells 

Methylcellulose, 0.2 ml. 
with lipopolysaccharide) with RPMl 1640 (Gibco). 

' P < 0.05. 

Table V. Effect of Triacontanol on the Blastogenic 
Response of Spleen Cells (T Cells) 

to Phytohemagglutinin 

Incorporation of 3-H (x 1 04)b at 
Treatmenta Dosage PHA in concentrations of 

(mg/kg) 2% 
1 O/O 0.5% 

Normal 5.8 f 1.1 5.1 f 0.7 4.3 f 0.5 
untreated 

treated" 

sone 

tanol 

Diluent 5.3 +. 0.9 4.9 f 0.6 4.3 f 0.4 

Hydrocorti- 200 4.1 f 1.2' 3.1 f 0.8d 2.9 f 0.3d 

Triacon- 80 4.3 f 1.1 2.8 f 0.7d 2.0 f 0.2d 

40 5.6 f 2.4 4.2 f 0.5 3.3 f 0.6 
20 5.1 f 1.9 4.1 f 0.6 3.1 f 0.5 
10 6.5 f 3.4 4.9 f 0.9 3.7 k 0.4 

'n = 5. 
The amount of tritiated-thymidine incorporated by spleen cells in- 

cubated in phytohemagglutinin (PHA). Data are expressed as mean 
2 SE. 

Methylcellulose, 0.2 ml. 
P < 0.05. 

tween the means of each treatment group and the 
methylcellulose-treated group were compared using 
Student's t test. 

Results 
The results of the toxicity study are presented in 

Table I. The triacontanol-containing compound in dos- 
ages of at least 200 mg/kg was not lethal to the animals, 
although host weight loss of 1-2 g was seen at dosages 
as low as 6 mg/kg (Table I). 

The triacontanol-containing preparation at all con- 

centrations studied induced reduction in the wet weight 
of the thymus (Table 11). The 80-mg/kg dosage induced 
the greatest reduction (approximately 24%), whereas 
the positive control, hydrocortisone, induced a weight 
loss of about 5 5  7%- The vehicle, methylcellulose, in- 
duced a slight (about 10%) reduction in thymus weight 
that was not significant. The reduction in thymocyte 
counts was consistent with the thymus weight data 
(Table 111). Mice receiving the triacontanol preparation 
at a dosage of 80 mg/kg had only depressed numbers 
of thymus cells. Triacontanol, at all doses studied, 
appeared to reduce somewhat the number of splenic 
cells in the mice. However, only at the 10-mg/kg dosage 
was the reduction significant. Triacontanol did not have 
significant effect on spleen weight (data not presented). 

The effects of the triacontanol preparation on the 
functions of monocytes and lymphocytes are given in 
Tables IV and V. Monocyte function was assessed with 
the production of IL-1 (Table IV). The dosages of 80 
mg/kg and 40 mg/kg significantly reduced IL-1 pro- 
duction. The response of spleen cells to the T cell 
mitogen, phytohemagglutinin, is shown in Table V. 
The 80-mg/kg dosage was significantly inhibitory to 
this function; however, lower concentrations were not 
inhibitory. 

Discussion 
The inflammatory response originates from an in- 

jury that has a mechanical, chemical, or autoimmune 
basis. This response, a complex series of events, is 
essentially a protective and restorative reaction that 
attempts to maintain homeostasis. It is well known that 
most forms of acute and chronic inflammation are 
propagated and amplified by humoral and cellular com- 
ponents associated with lymphocytes and phagocytic 
cells, including monocytes and granulocytes (7). The 
development of inflammation usually indicates that 
cells of the immune system have encountered: (i) anti- 
gen in an unusual location, (ii) antigen that is difficult 
to digest, or (iii) an unusually large amount of antigen. 
In some diseases, such as rheumatoid arthritis, the 
antigen is unknown or may be a normal host tissue 
component (8). In other diseases, inherent or acquired 
abnormalities of immune regulation may help sustain 
inflammatory processes (8). 

The current project attempted to assess the thera- 
peutic potential of triacontanol on inflammation by 
examining the toxicity of this substance, as well as the 
systemic effect of this compound on the number and 
function of some of the cells involved in the inflam- 
matory response. Triacontanol, up to a dosage of 200 
mg/kg, was not lethal to the mice, but host weight loss 
of 1-2 g was seen at dosages as low as 6 mg/kg. The 
relevance of this weight loss to the immunologic 
changes seen in the animals is not known; however, the 
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toxicity data provide evidence that this compound is 
biologically active. 

The finding that triacontanol treatment of C57BL/ 
6 mice clearly had an effect on thymus tissue (both the 
wet weight of the thymus and the number of cells in 
the thymus) is important because thymus cells are 
precursor cells to the various subpopulations of T cells 
known to regulate and mediate immune responses. In 
the thymus, it is well known that thymocytes or im- 
mature T cells proliferate and differentiate into mature 
T cells that eventually seed peripheral lymphoid tissue 
such as the nodes and the spleen. The mechanism by 
which triacontanol reduces thymus weight and cell 
number is not known, but it is possible that this com- 
pound is toxic to the thymocytes or interferes with their 
proliferation. Although triacontanol had a clear effect 
on the thymus, its effect was not nearly as great as that 
of hydrocortisone, the positive control for this investi- 
gation. However, the concentration of hydrocortisone 
preparation used in the study was greater than that of 
the triacontanol preparation. 

The inhibitory effect of triacontanol treatment on 
the number of splenocytes provides direct evidence that 
this compound has an effect on inflammation, because 
all nucleated cells in the spleen are believed to be 
involved in inflammatory responses. However, the 
mechanism by which triacontanol reduces the number 
of these cells is not clear from the current results. 
However, it is likely that triacontanol inhibits immune 
function without being toxic to the cells, because after 
the spleens were removed from the animals and proc- 
essed into single cell suspensions, only viable cells were 
used in the in vitro assays. This compound may be 
acting on one or more of the splenocyte precursor cells, 
i.e., thymus cells, rather than on the splenocytes them- 
selves. It is interesting that the concentration of 10 mg/ 
kg of triacontanol had the greatest effect on splenocyte 
counts, whereas 80 mg/kg had the greatest effect on 
thymus cell counts. The reason for this difference is not 
clear. 

The finding that triacontanol had a suppressive 
effect on IL- 1 production provides additional evidence 
that this compound has anti-inflammatory effects. IL- 
1 is an endogenous pyrogen, inducing the febrile re- 
sponses associated with inflammation and activating 
endothelial cells, phagocytes, fibroblasts, synovial cells, 

T cells and B cells (9). Moreover, the observation that 
triacontanol-treatment reduced T cell response to phy- 
tohemagglutinin is evidence that this compound can 
suppress inflammatory responses. Two major products 
released by activated T lymphocytes are y-interferon 
and colony-stimulating factors. Both of these products 
have an important modulatory role in inflammation. 
Among its many activities, y-interferon enhances phag- 
ocytic function in an immunologically nonspecific 
manner; it activates macrophages that secrete numer- 
ous products, such as reactive oxygen products, IL-1, 
and tumor necrosis factor (10). Colony-stimulating fac- 
tors are the specific hemopoietins responsible for regu- 
lating the circulating concentrations of granulocytes 
and mononuclear phagocytes (1 1). 

I .  

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Laughlin RG. Munyon RL, Ries SK. Wert VF. Growth enhance- 
ment of plants by femptomole doses of colloidally dispersed 
triacontanol. Science 219:1219-1221~ 1983. 
Ries SK, Wert V, Sweeley CC, Leavitt RA. Triacontanol: A new 
naturally occumng plant growth regulator. Science 195: 1339- 
1341, 1977. 
Tulloch AP. Beeswax: Structures of the esters and their compo- 
nent hydroxy acids and diols. Chem Phys Lipids 6:235-265, 
1971. 
McBride PT, Clark LL, Kruger GG. Evaluation of triacontanol- 
containing compounds as anti-inflammatory agents using guinea 
pig models. J Invest Dermatol89:380-383, 1987. 
Morrey JD. Warren RP. Oklebeny KM, Burger RA, Johnston 
MI, Sidwell RW. Effects of zidovudine on Friend virus complex 
infection in Rfv-3"' genotype-containing mice used as a model 
for HIV infection. J Acquired Immune Deficiency Syndrome 

Warren RP, Stembridge AM, Gardner EJ. Deficient immune 
function of peripheral blood mononuclear cells from patients 
with Gardner syndrome. Clin Exp Immunol60:525-531, 1985. 
Gallin JI, Goldstein IM, Snyderman R (Eds). Inflammation: 
Basic Principles and Clinical Correlates. New York Raven Press, 
1988. 
Gallin JI. Inflammation. In: Paul WE, Ed. Fundamental Immu- 
nology, 2nd Edition. New York: Raven Press, pp721-723, 1989. 
Durum SK? Oppenheim JJ. Macrophage-derived mediations: 
Interleukin 1, tumor necrosis factor, interleukin 6, inteferon, and 
related cytokines. In: Paul WE, Ed. Fundamental Immunology, 
2nd Edition. New York: Raven Press, pp639-661, 1989. 
Nathan C, Yoshida R. Cytokines: Interferon-gamma. In: Gallin 
JI, Goldstein IM, Snyderman R, Eds. Inflammation: Basic Prin- 
ciples and Clinical Correlates. New York: Raven Press, pp229- 
25 1,1988. 
Gillis S .  T-cell-derived lymphokines. In: Paul WE, Ed. Funda- 
mental Immunology, 2nd Edition. New York: Raven Press, 

3:500-510, 1990. 

~ ~ 6 2 1 - 6 3 8 .  1989. 

352 EFFECT OF TRIACONTANOL ON CELL FUNCTION 




