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D-002 is a mixture of high-molecular-weight aliphatic alcohols, obtained from bees waxApis mellifera),
with mild anti-inflammatory properties and effective anti-ulcer activities demonstrated in experimental
models. This study investigated the oral toxicity of D-002 administered for 1 year to beagle dogs.
Twenty-four beagle dogs (12 males and 12 females) were distributed randomly in three experimental
groups (four animals per group): a control and two treated groups received D-002 at 50 and 250 mg
kg~* (7 days/week) by gastric gavage. Overall, D-002 was well tolerated throughout the study. No signs
or symptoms of toxicity were observed, and no mortality occurred during the study. All groups showed
similar weight gain and food consumption. No hematological, blood biochemical or histopathological
disturbances attributable to treatment were observed. This study shows no drug-related toxicity induced
by long-term administration of up to 250 mg kg=! D-002 to beagle dogs. Copyrightd 2001 John
Wiley & Sons, Ltd.

day %, respectivel\’. In addition, studies on D002 geno-
toxicity and mutagenicity, as well as those undertaken
to evaluate its effects on fertility and reproduction,
D-002 is a natural mixture of high-molecular-weight have revealed no drug-related toxicit§.
alcohols, isolated and purified from bees wax, contain- Taking into account that anti-ulcer drugs must be
ing triacontanol, octacosanol, dotriacontanol, hexacos-administered repeatedly because of the recurrence of
anol, tetracosanol and tetratriacontanol as a minorthe disease, the aim of this work was to investigate
component. Oral administration of D-002 induces a the toxicity of D-002 administered orally for 1 year to
mild anti-inflammatory effect. It reduces the weight of beagle dogs.
the cotton-pellet granuloma and reduces leukotriepe B
(LTB,) levels in the exudate of carragenan-induced
pleurisy* MATERIALS AND METHODS
Nevertheless, no gastric mucosa damage was induced
by its oral administration up to doses of 1000 mg kg )
and its action is considered to differ from that of non- Animals

steroidal anti-inflammatory drugs. The basis of its anti- Twenty-four young adult beagle dogs (10-12 weeks)
inflammatory activity is related to the reduction of of both genders were obtained from Centro Nacional
LTB, levels. Leukotrienes play a role in the etiology de Animales de Laboratorio (CENPALAB, Cuba),
of gastric mucosal damade. , weighing 8-12kg at the start of the study. Animals
On the other hand, remarkable anti-ulcer effects were adapted to experimental conditions for 15 days
of D-002 have also been demonstrated in different prior to treatment, the temperature was 252°C and
experimental models. Thus, D-002 at 5-50 mg kg the humidity was 50-60%. Daily clinical observations
prevents ulcers induced by ethanol (60%) and HCL were made to control their health status. Only animals
(0.6 M). At 30 mg kg, D-002 also prevents indome- considered to be clinically healthy were included in
thacin-induced ulcers and inhibits ulcers induced in the study. For this purpose, the clinical examination
pylorus-ligated rats. These doses did not affect the included gross observations of the overall condition of
volume and pH of acid secretion. These effects seemthe animal, such as behaviour, respiratory or gastro-
to be mediated by a reinforcement of the defensive jntestinal diseases and any congenital anomalies. In
mechanism of the gastric muco%a. _ _addition, the examination was performed for the detec-
The acute orakps, of D-002 in rats, mice, rabbits  tjon of ectoparasites. Animals were housed in individ-

and dogs is 59 kg° Repeated-dose studies for 3 yal cubicles, provided with dog-chow obtained from
months and 1 year in rats revealed no drug-related CENPALAB and received watead libitum?2:1°

toxicity at doses up to 650 mg kéday and 1 g kg*

INTRODUCTION

Administration and dosage

* Correspondence to: C. AlemaDepartment of Toxicology, Centre - : : :
of Natural Products, National Centre for Scientific Research, D-002 was administered as a suspension in a vehicle

Havana, Cuba. containing 10 mg acacia gum mMIH,O. The composition
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10
The stability of the test material was studied pre-

81250 mg/kg
dotriacontanol, 002 consist of diols, hydrocarbons or potassium salts of

50 mg/kg

17.49%;

The batch used had a 92%
purity, according to the quality criteria specifications viously in our Chemistry department, indicating that

= Control

of the batch used in this study was as follows: triacon- checked by gas chromatography. The impurities of D-
26.63%; octacosanol,

tanol,
16.95%; hexacosanol, 15.34%; tetracosanol, 13.24% andatty acids, all of which are present in beewax.

Figure 2. Body weight gain of female dogs orally administered D-002 for 1 year.

Copyright[d 2001 John Wiley & Sons, Ltd.

tetratriacontanol, 2.23%.
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Table 1. Biochemical and hematological parameters of male beagle dogs orally treated with D-002 for 1 year
(mean = standard deviationy*

Group t=0 t=1 t=2 t=3 t=4

Glucose (mmol I77)

Control 4.18+0.24 4.16+£0.18 4.17 £0.13 4.09 +£0.04 3.87£0.33
50 mg kg™’ 4.20£0.30 4.13+0.20 4.16+£0.17 4.19+0.32 4.00£0.11
250 mg kg™’ 4.18+0.24 4.14+£0.25 4.19+£0.19 4.06 +£0.43 3.84+0.24
Alanine transferase (IU)

Control 32.77 £2.95 34.99+11.16 39.95+7.93 31.156+£7.72 29.58 £5.92
50 mg kg™’ 28.50 + 2.81 31.24+7.65 36.87 £ 6.30 32.40+4.70 27.73+7.82
250 mg kg™’ 29.42 + 3.53 29.31+5.60 39.35+6.12 33.78+3.84 28.85 +7.58
Aspartate transferase (IU)

Control 21.00 £ 4.96 20.00 £ 3.16 27.00 £ 7.53 21.50 £5.97 22.25 £ 6.07
50 mg kg’ 21.75+2.75 17.75+1.71 25.25+8.42 25.25+6.18 24.75+6.95
250 mg kg™’ 18.75 + 1.50 17.25+3.30 25.75+4.79 22.75 +3.86 22.75+5.25
Acid phosphatase (IU)

Control 5.06 £ 0.65 4.76 £0.77 4.11+0.68 3.73+0.61 3.09+0.34
50 mg kg™’ 4.89 £ 0.63 4.29 +0.56 4.31+£0.68 3.65+0.57 3.07 £ 0.36
250 mg kg™’ 5.40 £ 0.71 4.36£1.25 4.42 +0.67 3.568+0.83 3.04 £0.32
Alkaline phosphatase (IU)

Control 52.5+13.3 53.0+13.5 55.0+11.4 44.8+8.5 41.5+9.3
50 mg kg™’ 64.0 £13.0 62.3+11.5 58.2+9.3 44.0+4.3 38.3+6.3
250 mg kg™’ 57.3+16.6 58.3+ 15.1 57.0+16.4 43.5+5.8 35.5+3.9
Creatinine (mmol I7")

Control 75.2 +7.61 75.30 + 3.91 75.72 +4.96 73.80 £ 3.48 71.02 + 2.56
50 mg kg™’ 729 +7.76 78.45 +2.02 77.18 + 3.61 73.20 £ 2.95 70.90 + 3.23
250 mg kg™’ 73.9 +5.08 74.98 + 3.81 75.40+5.49 71.28 +4.63 69.63+4.84
Acetylcholinesterase (U)

Control 0.51+0.06 0.53+0.07 0.57 £0.09 0.43+0.04 0.41+0.08
50 mg kg™’ 0.52 +0.06 0.52 £ 0.07 0.52 +£0.08 0.42 £ 0.05 0.35+0.12
250 mg kg™’ 0.51+0.05 0.53+0.07 0.53+0.06 0.43+0.04 0.37+0.18
Hemoglobin (g 100 mI~")

Control 14.08 £ 0.90 14.53 + 0.40 14.73 £ 0.49 14.60 £ 0.88 14.73 £ 0.71
50 mg kg™’ 14.20 £ 0.42 14.08 £ 0.83 14.23+0.66 14.68 £ 0.90 14.55+0.34
250 mg kg™’ 14.33+0.84 14.70 £ 0.47 14.28 + 0.43 14.00 £ 0.45 14.53+£0.43
Hematocrit (%)

Control 43.75+ 1.89 43.25+25 44.50 + 2.39 45.75 + 3.50 46.75+2.06
50 mg kg™’ 43.25+2.75 4450+ 4.5 46.75 + 3.30 46.25+5.12 46.50 + 2.39
250 mg kg™’ 44.75 + 0.96 46.00 £ 1.4 44.75 + 3.40 44.50 £ 1.91 46.75+2.99

at, = baseline; t,, t,, t; = three-month intervals; t, = the end of 1 year.

D-002 is stable under our laboratory conditions for rats significantly increased the soluble mucus content,
time periods over 1 year. Also, the homogeneity of prevented the increase of vascular permeability induced
the suspensions used during the assays was checkely ethanol (60%) and reduced the concentration of
periodically by gas chromatographic methods. thromboxane Bin gastric mucosa of rats with ethanol-

Suspensions was made weekly according to bodyinduced ulcer$:*# The highest level was 250 mg k3
weight gain. Administration was done daily by gastric day ?*; taking into account the solubility properties of
gavage (8 ml kg') for 1 year. Dogs were randomly D-002, suspensions with concentrations 250 mg
assigned to three groups (four males and four femaleskg * day ?* required more than once-a-day gastric gavage
per group): a control group received only the vehicle manipulation and consequently were not recommended
and two others were treated with D-002 at 50 and for long-term studies.

250 mg kgt daily doses, respectively.

The rationale for the dose selection was based on
the pharmacological endpoints. D-002 (5-25 mg &g
was effective in an experimental model of indome- Animals were observed daily from 9 to 12 a.m. during
thacin-induced ulcers and also in preventing ethanol- the whole study, including a complete physical examin-
induced ulcers. The same doses administered to normahtion. General activity, food intake, respiration, urine

Observations

Copyright[d 2001 John Wiley & Sons, Ltd. J. Appl. Toxicol.21, 179-184 (2001)
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Table 2. Biochemical and hematological parameters of female beagle dogs orally treated with D-002 for 1 year (mean
+ standard deviationy

Group t=0 t=1 t=2 t=3 t=4

Glucose (mmol I77)

Control 4.18+0.17 4.17 £0.22 4.35+0.19 4.23+0.65 4.12+0.45
50 mg kg™’ 4.18 £0.17 4.16£0.15 4.35+0.17 4.33+0.37 4.00+£0.43
250 mg kg™’ 4.15+0.18 4.17£0.18 4.35+0.19 4.22+0.71 4.25+0.43
Alanine transferase (IU)

Control 32.9+6.42 33.2+8.71 36.1+6.80 28.8+5.79 28.6 £ 5.27
50 mg kg™’ 30.6 £8.92 36.8 £ 8.41 36.5+4.92 28.4 + 4.56 31.0£11.18
250 mg kg™’ 31.4+£9.54 31.4+£8.21 34.0£7.36 27.9+9.23 28.0 £5.91
Aspartate transferase (IU)

Control 22.00 £3.92 16.50 + 2.65 28.25 +8.06 21.50 £ 3.00 23.75+£3.95
50 mg kg™’ 22.75+9.71 16.00 + 2.45 23.50 + 10.41 22.50+7.90 21.75+5.85
250 mg kg™’ 18.75+5.74 14.75 + 3.77 23.25+7.41 21.75+4.92 20.75 +2.22
Acid phosphatase (IU)

Control 5.17 £ 1.08 4.06 £ 0.54 4.01+£0.19 3.563+0.59 3.43+0.66
50 mg kg™’ 5.23+0.83 3.81+0.57 3.93+0.28 3.56 + 0.66 3.30+0.57
250 mg kg™’ 4.84+1.28 3.82+0.78 3.76 £0.75 3.43+0.79 3.25+0.80
Alkaline phosphatase (IU)

Control 53.5+15.0 57.5+13.4 49.0 £10.9 44.5+12.2 36.0+5.0
50 mg kg™’ 61.5+9.1 60.3+11.1 60.2 +£3.2 54.3+7.5 42.0+12.4
250 mg kg™’ 60.8+11.2 55.5+9.7 49.0 £14.9 43.5+8.8 33.0+6.1
Creatinine (mmol |77)

Control 77.88 +8.20 74.92 +5.09 76.55 + 3.59 72.65 +8.48 68.63 + 6.58
50 mg kg™’ 74.53 +4.30 70.25+9.62 70.80+4.22 71.50 + 4.67 69.70 +5.53
250 mg kg™’ 75.03 + 8.26 76.28 + 11.95 77.13+10.32 76.78 £ 11.51 70.95 + 13.19
Acetylcholinesterase (U)

Control 0.44 £ 0.11 0.47 £0.11 0.45+0.17 0.33+0.06 0.37 £0.09
50 mg kg™’ 0.50+0.11 0.49+0.12 0.51+0.13 0.37 £ 0.06 0.38+0.10
250 mg kg™’ 0.45+0.12 0.44 £ 0.11 0.48 £0.15 0.32+0.06 0.33+0.11
Hemoglobin (g 100 mI~")

Control 14.48 £+ 0.81 14.78 +1.74 14.55 +0.53 14.70 £ 0.54 14.60 £ 0.43
50 mg kg™’ 15.08 + 0.86 14.95+0.74 14.70 £ 0.65 14.70 £ 0.88 14.63+0.74
250 mg kg’ 14.38 £ 0.63 14.43+0.78 14.50+ 0.54 14.63 £0.95 14.68+0.73
Hematoint (%)

Control 44.25 + 4.92 43.25+5.44 44,50 + 2.52 45.75 +2.22 45.50 + 2.65
50 mg kg™’ 45.00 + 3.37 47.00+2.94 46.00+2.94 42.00 + 3.65 43.25+2.63
250 mg kg™’ 44.75 +3.77 45.00 + 3.27 45,50 + 2.65 42.50 + 3.70 44.00 + 3.92

at, = baseline; t,, t,, t; = three-month intervals; t, = the end, of 1 year.

and feces quality, skin and mucosa aspects werePathological study
recorded. Body weights were recorded monthly.

Blood samples were drawn from the jugular vein for After 1 year of therapy, animals were sacrificed. They
hematological and blood biochemistry determinations at were anesthetized with sodium pentobarbital (30 mg
baseline (the day before starting the administrations) kg ). When the parpebral reflex was absent and muscular
and every 3 months up to the end of the study. flaccidity appeared, animals were exsanguinated through
The following determinations were made on the serum the jugular veins. Animals were randomly sacrificed and
samples: glucose, aspartate and alanine transferasesistological analysis was performed ‘blindly’. Abdominal,
acid and alkaline phosphatases and creatinine. All thoracic and cranial cavities were examinedsitu and
determinations of blood biochemistry were made by eviscerated. Organ weights were determined and organ
enzymatic methods, using reagent kits from Boehringer weight/body weight ratiox 100 was calculated for the
Mannhein (Germany). In addition, acetyl cholinester- statistical analysis. Samples from brain, cerebellum, med-
ase, hemoglobin and hematocrit were measured onula, hypophysis, eyes, larynx, trachea, bronchii, lungs,
blood samples. tongue, esophagus, salivary glands, stomach, duodenum,

Copyright[d 2001 John Wiley & Sons, Ltd. J. Appl. Toxicol.21, 179-184 (2001)
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Table 3. Organ weights of male beagle dogs orally treated with D-002 for 1 year (meat standard deviation)

Group Liver Kidneys Heart Lungs Spleen
Right Left

Control 2.35+0.37 0.21+£0.03 0.21+£0.02 0.70 £0.03 0.65 +0.08 0.16 £ 0.02

50 mg kg’ 2.85+0.79 0.25+0.06 0.25+0.08 0.77 £0.10 0.69 +£0.17 0.19 £ 0.01

250 mg kg™’ 2.80+0.55 0.23+0.06 0.24 £ 0.06 0.76 £ 0.05 0.64£0.10 0.18 £0.01

Thymus Adrenals Testis Prostate

Right Left Right Left

Control 0.06 +0.01 0.002 + 0.005 0.005 + 0.005 0.09 +0.006 0.08 £ 0.006 0.06 = 0.01

50 mg kg™’ 0.07 £0.02 0.005 + 0.005 0.005 + 0.005 0.09 £0.010 0.09 £0.010 0.06 £ 0.01

250 mg kg’ 0.07 £0.01 0.002 + 0.005 0.005 + 0.005 0.08 +0.005 0.08 +0.005 0.06 = 0.01

Table 4. Organ weights of female beagle dogs orally treated with D-002 for 1 year (meanstandard deviation)

Group Liver Kidneys Heart Lung Spleen
Right Left
Control 241+0.15 0.20 + 0.005 0.21+0.02 0.72+0.06 0.66 +0.11 0.17 £0.02
50 mg kg’ 2.58 — 0.12 0.21+0.003 0.21+0.03 0.75+0.10 0.61+0.03 0.18 £0.03
250 mg kg’ 2.64+0.37 0.21+0.003 0.21+0.04 0.78+0.08 0.79+0.16 0.17 £0.02
Thymus Adrenals
Right Left
Control 0.07 £0.01 0.005 + 0.006 0.005 + 0.006
50 mg kg’ 0.09 +0.02 0.010 +0.001 0.010 £ 0.001
250 mg kg’ 0.07 £0.01 0.010 + 0.005 0.008 + 0.005

jejunum, ileum, cecum, colon, rectus, thymus, pancreas,On the other hand, no clinical symptoms of toxicity

liver, skeletal muscle, aorta, heart, bone marrow, skin, were observed. Figures 1 and 2 show the body weight

kidneys, adrenals, bladder, tests, penis, prostate, uterusgyain during the study. As can be observed, no signifi-

vagina, ovaries, lymph node, thyroid, parathyroid and cant differences between groups were found.

bone were taketf. For microscopic analysis, tissues were

fixed in buffered 10% formaldehyde and embedded in -

paraffin; sections were stained with hematoxylin and Effects of D-002 on blood safety indicators

eosin. An Olympus BH2 microscope was used for the No significant differences were detected in any com-

observations. parison of the hematological and blood biochemical
parameters (Table 1 and 2).

Statistical analysis

Body weight, organ weight and blood parameters were .
analyzed through a variance analysis (Kruskall-Wallis Anatomo-pathological study
non-parametric ANOVA test). Histopathological results ¢ the autopsy, the appearance of organs and cavities
were compared using Fisher's exact test. Analysis weréyas normal in all animals. Analysis of organ weight
done using the css/pc statistical package program antyata showed no significant differences between treated
P < 0.05 was established for statistical significafite. and control groups for eithergender (Tables 3 and 4).
The microscopic study showed that a female beagle
dog of the control group presented autoimmune thy-
roiditis, with the presence of a lymphocytic infiltrate
with plasma cells forming aggregates in the interstit-
. . - L ium, between the thyroid follicles. These lymphoplas-
Vh\/llgirtﬂltlt)éaatlgaly&s, clinical examinations and body macytic infiltrates in beagle dog thyroid are associated
9 with autoimmune-related thyroid damatfeTwo male
No deaths occurred during the study, and chronic dogs treated with D-002 (50-250 mgKgday *) show
treatment with D-002 was well tolerated by animals. this type of lesion too, along with a non-specific

RESULTS AND DISCUSSION

Copyright[d 2001 John Wiley & Sons, Ltd. J. Appl. Toxicol.21, 179-184 (2001)
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chronic adenitis Nevertheless, it cannot be discounted
that this type of lesion may be related to an auto-
immune reaction, because these histological change
are not easily distinguished in either cd3&he micro-

Table 5. Histopathological findings after 1 year of D-002
greaﬂnent

i -1
scopic study shows that D-002 did not induce any Observation Group (mg ko
pathological lesions attributable to treatment. Compari- Control 50 250
son between groups did not show significant differences
(Table 5) Males

Because the stomach represents a target organ of Adenitis 0/4 1/4 1/4
anti-ulcer drug toxicity*'> special attention was Thyroiditis 0/4 /4 174
focused on this organ during the histopathological stud- emales
ies. Nevertheless, no damage on the gastric mucos Thyroiditis va o/ o/

attributable to D-002 was observed, which is not sur-
prising taking into account the cytoprotective mech-
anism postulated for the anti-ulcer effects of D-002.
The present results demonstrated that D-002 producedday *. Because no drug-related toxicity was detected
no untoward effects when administered for 1 year to in this study, the highest dose evaluated could be
beagle dogs up to a top oral dose of 250 mg kg considered a no-observable-effect level (NOEL).
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