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Short Communication

Effects of D-003 on Hepatic Drug-Metabolizing Enzyme Activities in Rats

Rafael Gámez, Idania Rodeiro, Jorge González, and Haydee García

Center of Natural Products, National Center for Scientific Research, Havana, Cuba

ABSTRACT D-003 is a mixture of very-long-chain aliphatic acids with cholesterol-lowering and concomitant anti-platelet
effects. The microsomal cytochrome P-450 system comprises a superfamily of proteins present in hepatic and extrahepatic
tissues that is responsible for the metabolism of many drugs. The present study was undertaken to investigate the effects of
D-003 on in vivo drug-metabolizing hepatic enzymes. Two experimental series (n � 6 animals/group) were performed. In the
first series rats were randomly distributed in one control and two groups treated with D-003 at 1,000 and 2,000 mg/kg for 14
days. In the second one they were distributed in one control and three groups treated with D-003 (250, 500, and 1,000 mg/kg)
for 6 months. All treatments were orally administered by gastric gavage. Control rats were orally treated only with acacia
gum/water vehicle. The content of microsomal P-450, b5 cytochromes, total sulfhydryl groups, nonprotein sulfhydryl groups,
and protein-bound sulfhydryl groups as well as the activities of NADPH cytochrome c reductase, aminopyrine demethylase,
dimethylnitrosamine N-demethylase, 7-ethoxyresorufin O-deethylation, 7-pentoxyresorufin O-depentylation, and cytosolic glu-
tathione S-transferase were assessed. D-003 administered up to 2,000 mg/kg or 1,000 mg/kg during 14 days or 6 months did
not affect the activities of the hepatic drug-metabolizing enzymes investigated. It is concluded that D-003 is not metabolized
by the liver cytochrome system and that potential risk derived from drug-to-drug interactions between D-003 and concomi-
tant drugs appears to be low.
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INTRODUCTION

THE MICROSOMAL CYTOCHROME (CYT) P-450 system
comprises a superfamily of proteins present in hepatic

and extrahepatic tissues that is responsible for the metabo-
lism of most drugs, playing a role in both detoxification and
metabolic activation process. Thus, the influence on this sys-
tem is relevant to predict the influence of any drug in the
metabolism of others.1,2

There are multiple forms of CYT P-450 enzymes, which
react with different substrates. Administration of drugs to
animals can inhibit or increase monooxygenase activity,
which is important because the monooxygenase system is
relevant in drug-mediated toxicity.3,4

D-003 is a mixture of very-long-chain aliphatic acids pu-
rified from sugar cane (Saccharum officinarum L.) wax,5

wherein 1-octacosanoic acid is the major component, fol-
lowed by 1-triacontanoic, 1-dotriacontanoic, and 1-tetratri-
acontanoic acids. In addition, hexacosanoic, nonacosanoic,

hentriacontanoic, tritriacontanoic, pentatriacontanoic, and
hexatriacontanoic acids are present as minor components.

Pharmacological experimental studies conducted in rab-
bits showed that D-003 orally administered (5–200 mg/kg)
to rabbits significantly reduced serum total cholesterol 
(TC) and low-density lipoprotein-cholesterol (LDL-C) lev-
els in a dose-dependent manner, whereas it significantly in-
creased high-density lipoprotein-cholesterol (HDL-C) val-
ues.6–9 Also, D-003 administered from 5 to 50 mg/day has
shown cholesterol-lowering effects in healthy volunteers
and patients with Type II hypercholesterolemia causing re-
duction of serum LDL-C and TC, while markedly raising
HDL-C.10–12

On the other hand, D-003 orally administered also induces
anti-platelet effects in animal models and human beings,12–17

which appears to be mediated through reduced thromboxane
A2 levels and increased prostacyclin values.15,16

Thus, D-003 shows a pharmacological profile suggesting
that it could be a promising agent for treating atherothrom-
botic diseases, as expected from its cholesterol-lowering and
anti-platelet effects. Nevertheless, both cholesterol-lowering
and anti-platelet drugs are indicated as long-term treatments,
which reinforces the point that their safety and tolerability
profiles are crucial aspects for their definitive acceptance.
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Previous studies of oral toxicity of D-003 in rodents
(acute, subchronic, and chronic) have shown that it did not
induce drug-related toxicity.18–20 Similarly, the in vitro and
in vivo assessment of cytotoxic and/or genotoxic potential
effects of D-003 showed that D-003 was devoid of cytotoxic
or genotoxic potential,21,22 and the lack of reproductive tox-
icity has been also documented for D-003.23

Nevertheless, information about putative drug-to-drug in-
teractions between D-003 and other drugs commonly con-
sumed is scarce, being limited to isolated experiences of
pharmacodynamic interactions.16,17 Thus, the investigation
of the effects of D-003 on hepatic drug-metabolizing activ-
ities is justified as a first approach to such a target.

Considering this background, this study was conducted
to investigate whether D-003 affects the activity of phase I
and phase II biotransformation enzymes in male Sprague–
Dawley rats, a species used extensively in toxicological
studies.

MATERIALS AND METHODS

Chemicals

All chemicals were of analytical reagent grade. Pheno-
barbital, glucose 6-phosphate, bovine serum albumin, and
NADP were obtained from BDH Chemicals Ltd. (Poole,
Dorset, UK). Acacia gum, (�)-naphthoflavone, glucose-6-
phosphate dehydrogenase, CYT c, NADPH, aminopyrine,
dimethylnitrosamine, 7-ethoxyresorufin, 7-pentoxyresorufin,
resorufin, benzo[a]pyrene, 1-chloro-2,4-dinitrobenzene, 3,3-
dithiobis(2-nitrobenzoic acid), reduced glutathione (GSH),
H2O2, and sodium dithionite were purchased from Sigma
Chemical Co. (St. Louis, MO).

Animals

Young adult male Sprague–Dawley rats weighing 150–
200 g were obtained from the Centre for Laboratory Ani-
mal Production (CENPALAB, Havana, Cuba). Animals
were adapted to experimental conditions (temperature 25 �
5°C, relative humidity 65 � 5%, and 12-hour dark/light cy-
cles). Rat standard chow supplied by CENPALAB and tap
water was provided ad libitum.

The present study was conducted under the Cuban Good
Laboratory Practices Code, which is consistent with updated
standard international guidelines, and following the ethical
standard for animal care and the standard operational pro-
cedures for each manipulation.

Administration and dosage

D-003 was supplied by the Chemistry Department of the
Centre of Natural Products after its purity was checked
through gas chromatography. D-003 was suspended in aca-
cia gum/water (10 mg/mL) and orally administered by gas-
tric gavage (5–10 mL/kg). Acacia gum/water was selected
as the vehicle, as recommended for insoluble substances 
administered orally by gastric gavage.4 Suspensions were

weekly prepared, after corroboration of the stability of the
substance in such conditions.

Two experimental series were conducted. In the first ex-
perimental series, animals (six animals per group) were ran-
domly distributed in three groups: a control and two groups
treated with D-003 at 1,000 and 2,000 mg/kg, with all treat-
ments administered for 14 days. In the second one, animals
(six animals per group) were distributed in four groups: a
control and three groups receiving D-003 at 250, 500, and
1,000 mg/kg, with treatments being administered for 6
months. Control rats received equivalent volumes of acacia
gum/water vehicle by gastric gavage.

Liver removal

Twenty-four hours after the last dose, rats were weighed,
anesthetized, and sacrificed. Then, livers were removed and
weighed. The relative weight of the liver relative to body
weight was expressed in a percentage and calculated as fol-
lows: % � (liver weight/body weight) � 100.

Preparation of microsomes

Liver samples of 5 g were taken from three animals and
homogenized in 3 volumes of ice-cold 1.15% KCl using a
Polytron homogenizer. In the 6-month study, one part of 
the homogenate was used for determining the acid-soluble
sulfhydryl content, and the rest for obtaining the microsomes.
The cell debris, nuclei, and mitochondria were removed by
centrifugation at 9,000 g for 20 minutes at 0–4°C. The su-
pernatant was ultracentrifuged (100,000 g for 60 minutes) at
0–4°C. The pellet was suspended again in ice-cold 0.1 mol/L
Tris-HCl buffer (pH 7.4) containing 0.175 mmol/L KCl and
0.2 mmol/L EDTA. Aliquots (1 mL) of microsomal fractions
were quickly stored at �80°C until usage.

Protein content was determined by the method of Lowry
et al.,24 using bovine serum albumin as the standard. The
content of microsomal P-450 and b5 CYTs was measured
according to the established method.25

The activities of drug-metabolizing hepatic microsomes
were assayed by established methods. Thus, aminopyrine
demethylase activity was assessed as formaldehyde formation
according to Nash,26 dimethylnitrosamine N-demethylase fol-
lowing Weibel et al.,27 and 7-ethoxyresorufin O-deethylation
(EROD) and 7-pentoxyresorufin O-depentylation (PROD)
as reported by Donato et al.,28 whereas NADPH CYT c re-
ductase activity was determined as described by Williams
and Kamin.29

The Ellman method was used for determining total
sulfhydryl groups (T-SH), nonprotein sulfhydryl groups
(NP-SH), and protein-bound sulfhydryl groups (PB-SH),30

while the activities of cytosolic glutathione S-transferase
(GST) and catalase were determined as described.31,32

Statistical analysis

Data are presented as mean � standard error (SEM) val-
ues. Comparisons between groups were determined using
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the Mann–Whitney test; � � .05 was a priori selected for
statistical significance. Statistical analyses were performed
using the software Statistics for Windows.

RESULTS AND DISCUSSION

The present study is the first reporting the effects of 
D-003, a mixture of very-high-molecular-weight aliphatic
acids, on in vivo drug-metabolizing liver microsomal en-
zymes. The results presented here demonstrate that D-003
administered orally at very high doses (1,000 and 2,000
mg/kg) did not affect any of the variables tested, and the
same was true when D-300 was administered orally from
250 to 1,000 mg/kg for 6 months.

Tables 1 and 2 summarize the results. D-003 did not af-
fect the relative liver weight, which is consistent with re-
sults of previous toxicological studies, and no significant
differences or trends with the doses related with any indi-
cator were observed.

D-003 did not change CYT P-450 content and NADPH-
dependent reduction of CYT c, thus indicating that it nei-
ther directly interacts with CYT P-450 nor interferes with
the electron flow to the CYTs, respectively. Likewise, the
forms of the CYT P-450 enzymes responsible for the bio-
transformation of the substrates used also remained un-
changed by the treatment. In this case, the activity of CYP
1A1, CYP 2B 1,2, CYP 3A, and CYP 2E1 were determined
since they are among the most relevant isoenzymes of this
superfamily of proteins with toxicological or clinical impli-
cations.33

The treatment administered here was long term, since re-
peated administration for 6 months has been accepted for
oral chronic toxicity in rodents. Thus, an acute induction
could take place, but short-term (2 days) treatment revealed
similar results (authors’ unpublished data), thus eliminating
such a possibility.

A reduction in the activity of phase II enzyme activities
(catalase and GST) has been reported for other cholesterol-
lowering drugs,34 but in contrast D-003 did not change sig-
nificantly the activity of GSTs, which catalyze the addition
of glutathione to numerous electrophilic compounds.35 In
addition, D-003 administered for 6 months at up to 1,000
mg/kg did not change the content in animal livers of
sulfhydryl groups, an indirect surrogate of GSH constitut-
ing most (�95%) of the liver NP-SH.36

Previous studies have shown that D-003 orally adminis-
tered (5–200 mg/kg) to rats similarly inhibited “in vitro” and
“in vivo” lipid peroxidation induced by both enzymatic and
non-enzymatic systems.36–38 The results suggest that the an-
tioxidant effect of D-003 is not associated with inhibition of
Fe2� regeneration through the P450 system. D-003 also in-
hibited lipid peroxidation induced by CCl4,39 suggesting that
its antioxidant effects are not related to changes in the ac-
tivity of hepatic NADPH CYT c reductase.

Phase I/Phase II liver enzymatic systems are major path-
ways of biotransformation or detoxification of most drugs,

which involve the activities of one or more families. Thus,
the assessment of the effects of a new substance on this sys-
tem is relevant for predicting putative drug-to-drug interac-
tions,40 which are a cause of relevant adverse events or/and
treatment failures. One of the mechanisms leading to phar-
macokinetic drug-to-drug interactions is the disturbance of
one or multiple hepatic enzymes of the CYT P-450 system.
Thus, the results reported here indicate that the potential 
risk for pharmacokinetic drug-to-drug interactions between
D-003 and concomitant drugs appears to be low.

REFERENCES

1. Nebert DW, Nelson DR, Coon MJ, Estabrook EW, Feyereisen R:
The P-450 superfamily: update on new sequences, gene mapping
and recommended nomenclature. DNA Cell Biol 1991;10:1–14.

2. Ingelman-Sundberg M, Oscarson I, Persson C, Masimirembwa M,
Bertilsson C, Dahl M: Genetic polymorphism of human drug me-
tabolism enzymes. Recent aspects on polymorphic forms of cy-
tochromes P-450. FEBS Lett 1998;2:93–108.

3. Guengerich CP: Analysis and characterisation of enzymes and nu-
cleic acids. In Principles and Methods of Toxicology, 4th ed. (Wal-
lace A, ed.), Raven Press, New York, 2001, pp. 1625–1688.

4. Stevens K, Gallo M: Practical considerations in the conduct of
chronic toxicity studies. In Principles and Methods of Toxicol-
ogy, 2nd ed. (Wallace A, ed.), Raven Press, New York, 1989, pp.
237–250.

5. González L, Marrero D, Laguna A, Más R, Arruzazabala ML,
Carbajal D, inventors; Laboratorios Dalmer, SA, Havana, Cuba,
assignee: A mixture of primary fatty acids obtained from sugar
cane wax. US patent 6,486.205. November 20, 2002.

6. Gámez R, Mendoza S, Más R, Mesa R, Castaño G, Marrero D:
Dose-dependent cholesterol-lowering effects of D-003 on nor-
mocholesterolemic rabbits. Curr Ther Res 2000;61:8–16.

7. Mendoza S, Gámez R, Noa M, Más R, Castaño G, Mesa R, Mesa
M, de Armas M: The effects of D-003 and policosanol on the
lipid profile and endothelemia cells in normocholesterolemic rab-
bits: a head to head comparison. Curr Ther Res 2001;62:209–220.

8. Gámez R, Mendoza S, Mas R, Noa M, Arruzazabala ML, Car-
bajal D, Castaño G, Goicochea E, Mesa M, Mendoza N: Com-
parison of the cholesterol-lowering effects and toxicity of D-003
and lovastatin on normocholesterolaemic rabbits. Drugs Dev Res
2003;4:219–229.

9. Mendoza S, Gámez R, Mas R, Goicochea E: Effects of D-003, 
a mixture of long-chain aliphatic primary acids, fluvastatin and
the combined therapy D-003 plus fluvastatin on the lipid profile
of normocholesterolemic rabbits. Int J Tissue React 2003;25(3):
81–89.

10. Castaño G, Más R, Fernández L, Illnait J, Gámez R, López E,
Gutierrez J, Fernández J, Alvarez E: Assessment of the effects of
D-003, a new antiplatelet and hypocholesterolemic compound on
healthy volunteers: a Phase I clinical study. Drugs Dev Res 2002;
3:337–348.

11. Castaño G, Mas R, Fernández L, Illnait J, Fernández J, Mendoza
S, Gámez R, Mesa M, Lopez E, Alvarez E: Effects of D-003 (5–40
mg/day) on lipid profile of patients with Type II hypercholes-
terolemia: a Phase II clinical study. Clin Drug Invest 2003;23:
789–802.

D-003 AND DRUG-METABOLIZING HEPATIC ENZYMES 485



12. Castaño G, Menéndez R, Más R, Ledón N, Fernández JC, Pérez
JL, González RM, Lescay M: Effects of D-003: a new hypocho-
lesterolaemic and antiplatelet compound on lipid profile and lipid
peroxidation in healthy volunteers. Clin Drug Invest 2003;23:
193–203.

13. Arruzazabala M, Carbajal D, Más R, Molina V, Castaño G, Gámez
R: Effects of D-003, a new compound purified from sugar cane
wax, on platelet aggregation in healthy volunteers: a randomized,
double-blind clinical study. Clin Drug Invest 2002;23:107–118.

14. Molina V, Arruzazabala ML, Carbajal D, Más R, Valdés, S: An-
tiplatelet and antithrombotic effect of D-003. Pharmacol Res
2000;42:137–143.

15. Molina V, Arruzazabala L, Carbajal D, Más R: D-003 a potential
antithrombotic compound isolated from sugar cane wax with ef-
fects on arachidonic acid metabolites. Prostaglandins Leukot Es-
sent Fatty Acids 2002;67:19–24.

16. Molina V, Arruzazabala ML, Carbajal D, Más R: Synergistic ef-
fect of D-003 and aspirin on experimental thrombosis models.
Prostaglandins Leukot Essent Fatty Acids 2003;68:305–310.

17. Arruzazabala ML, Molina V, Carbajal D, Más R: D-003 and war-
farin interaction on the bleeding time and venous thrombosis ex-
perimentally induced in rats. J Med Food 2004;7:260–263.

18. Gámez R, Más R, Noa M: Acute and oral subchronic toxicity of
D-003 in rats. Toxicol Lett 2000;118:1–2, 31–41.

19. Gámez R, Más R, Noa M, Menéndez R, Garcia H, González JE,
Perez Y, Goicochea E: Six-month toxicity study of oral adminis-
tration of D-003 in Sprague Dawley rats. Drug Res Dev 2002;3:
375–386.

20. Gámez R, Más R, Noa M, Menéndez R, García H, González J,
Pérez Y, Goicochea E: Effects of chronic administration of D-003,
a mixture of sugar cane wax high molecular weight acids, in bea-
gle dogs. Drugs Exp Clin Res 2004;30(2):75–88.

21. Gámez R, Rodeiro I, Fernández I, Acosta P: Preliminary evalua-
tion of the cytotoxic and genotoxic potential of D-003: mixture
of very long chain aliphatic acids. Teratog Carcinog Mutagen
2002;22:175–181.

22. Gámez R, González JE, Rodeiro I, Fernández I, Alemán C, Ro-
dríguez M, Acosta P, García H: In vivo genotoxic evaluation of
D-003, a mixture of very long chain aliphatic acids. J Med Food
2001;4:85–91.

23. Rodriguez MD, Gámez R, Gonzalez JE, Garcia H, Acosta CP, Goic-
ochea E: Lack of developmental toxicity of D-003: a mixture of long
chain fatty acids in rats. Food Chem Toxicol 2003;41:89–93.

24. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ: Protein mea-
surement with the Folin phenol reagent. J Biol Chem 1951;193:
265–269.

25. Omura T, Sato R: The carbon monoxide binding pigment of liver
microsomes. Evidence for its hemoprotein nature. J Biol Chem
1964;239:2370–2373.

26. Nash T: The colorimetric estimation of formaldehyde by means
of the Hantzsch reaction. Biochem J 1953;193:265–275.

27. Weibel, ER, Staubli W, Gnagi HR, Hess FA: Correlated morpho-
metric and biochemical studies on liver cell. J Cell Biol 1969;42:
68–70.

28. Donato MT, Gómez-Lechón MJ, Castell J: Actividad etoxire-
sorufina O-deetilasa en placa de cultivo. Anal Biochem 1993;213:
29–33.

29. Williams JC, Kamin H: The preparation and properties of micro-
somal TPNH-cytochrome c reductase from pig liver. J Biol Chem
1962;237:587–595.

30. Sedlak J, Lindsay R: Estimation of total, protein-bound and non-
protein sulfhydryl groups in tissue with Ellman’s reagent. Anal
Biochem 1968;25:192–195.

31. Habig WH, Jakoby WB: Glutathione S-transferase. The first step
in mercapturic acid formation. J Biol Chem 1974;249:2130–2132.

32. Claiborne A. Catalase activity. In CRC Handbook of Methods for
Oxygen Radical Research (Greenwald RA, ed.), CRC Press, Boca
Raton, FL, 1985, pp. 283–284.

33. González F, Gelboin HV: Role of human cytochromes P-450 in
the metabolic activation of chemical carcinogens and toxins. Drug
Metab Rev 1995;26:165–183.

34. Ashby J, Brady A, Elliot B, Ismael J, Odum J, Tugwood J, Ket-
tle S, Purchase I: Mechanistically-based human hazard assessment
of peroxisome proliferator-induced hepatocarcinogenesis. Hum
Exp Toxicol 1994;13(2):34–38.

35. De Master EG, Redfern B: High performance liquid chromatog-
raphy of hepatic thiols with electrochemical detection. Methods
Enzymol 1987;143:110–116.

36. Perez Y, Menendez R, Mas R, Gonzalez R, Ledon N, Jimenez S:
Efectos de la administración oral de D-003 sobre la peroxidacion
lipidica “in vivo” e “in vitro” en higados de ratas. Rev Cub Farm
2002;36(Supl Esp):75–76.

37. Ledón N, Menéndez R, Más R, Amor AM, Pérez Y, González
RM, Jiménez S: Effects of oral administration of D-003 a mix-
ture of very long-chain saturated fatty acid on rat lipoprotein lipid
peroxidation. Rev Cub Farm 2002;36(Supl Esp):91–94.

38. Menéndez R, Más R, Amor AM, Ledon N, Perez Y, Gonzalez
RM, Rodeiro I, Zayas M, Jimenez S: Inhibition of rat lipoprotein
lipid peroxidation by the oral administration of D-003, a mixture
of very long chain saturated fatty acids. Can J Physiol Pharma-
col 2002;80:13–21.

39. Noa M, Mendoza S, Más R, Mendoza N: Effect of D-003, a mix-
ture of high molecular weight primary acids from sugar cane wax,
on Cl4C-induced liver acute injury in rats. Drugs Exp Clin Res
2002;28:177–183.

40. McKindley MC, Dufresne R: Current knowledge of the cyto-
chrome P-450 isoenzyme system: can we predict clinically im-
portant drug interactions. Med Health 1998;81:38.

486 GÁMEZ ET AL.


