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ABSTRACT:  
Background: Benign prostatic hyperplasia (BPH), common among elderly men, often causes lower urinary 

tract symptoms (LUTS). BPH/LUTS pharmacological therapies include 5-reductase inhibitors, 1-
adrenoreceptors blockers and phytotherapies, like saw palmetto (SP) lipid extracts. D-004, a lipid extract of 

Roystonea regia fruits, reduced experimental prostate hyperplasia in rodents and the International Prostate 

Symptoms Score (IPSS) as effectively as SP in a pilot trial in men with BPH.  
 

Objective: To compare the effects of D-004 and SP in the treatment of men with symptomatic BPH. 

Methods: Sixty-one patients with moderate BPH were double-blindly randomised to D-004 or SP (320 mg/day 

both) capsules for 4 months. Decrease on IPSS was the primary efficacy variable. Effects on prostate size, 

residual volume post-voiding and serum prostate specific antigen (PSA) were secondary outcomes. 
 

Results: After 2 months on therapy, D-004 and SP decreased (p<0.05) mean IPSS values by 2.1 units versus 

baseline (15.8% and 16.0% decreases, respectively). This effect increased at study completion, when IPSS 

decreased by 4.8 (36.0%) with D-004 and by 4.5 units (34.1%) with SP (p<0.0001 in both cases), without 

differences between groups. Both treatments did not modify prostate size, residual volume post-voiding. 
Treatment with SP, not with D-004, increased (p<0.05) serum PSA. Two SP-treated patients withdrew from the 

study, one due to an adverse experience (hemorrhagic stroke). One D-004- and 2 SP-treated patients 

experienced adverse experiences.  
 

Conclusions: D-004 (320 mg/day) for 4 months was as effective as SP (320 mg/day) for decreasing LUTS in 

men with moderate BPH, and well tolerated. Further studies should confirm these results. 
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I. INTRODUCTION 

Benign prostatic hyperplasia (BPH), a common condition among older men, is a progressive disease 

that frequently produces undesirable lower urinary tract symptoms (LUTS) like weak urinary stream, frequency 

and urgency [1]. Pharmacological treatments for BPH includes 5-reductase inhibitors, 1-adrenoreceptors 
(ADR) blockers and the combination therapy with drug of both therapeutic classes, which is significantly more 

effective for ameliorating the symptoms and prevent BPH progression than either agent alone [2-

7].Complementary medicines have been widely used for decades to treat BPH/LUTS [8], mainly the lipid 

extracts of saw palmetto (SP) (Serenoa repens) fruit, which contain a mixture of fatty acids, mainly oleic, lauric 
and myristic acids [8-10]. Despite some negative results [11,12], the use of SP for treating BPH is still 

documented [2,10,13-17].  The efficacy of SP in BPH is associated to a multifactorial mechanism including the 

inhibition of prostate 5-reductase, the antagonism of 1-ADR, anti-inflammatory and antioxidant effects, as 
well [18-23].  Also, the safety and tolerability of SP has been supported [24].  

 

D-004, a lipid extract of the Roystonea regia (Arecaceae fam) fruits also contains a mixture of fatty 
acids, oleic, lauric, palmitic and myristic being the most abundant. Experimental studies demonstrated that  

D-004 decreased testosterone (T)-induced prostate hyperplasia in rodents [25-28], inhibited rat prostate 5-

reductase in vitro [29], antagonized 1-ADR-mediated responses [30,31],  and produced antioxidant effects in 
the prostate tissue of normal and testosterone-treated rats [32,33]. Clinical studies have demonstrated that D-004 
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produced beneficial antioxidant effects on plasma oxidative variables in healthy and BPH men [34,35],  and this 

last pilot trial revealed that D-004 reduced significantly LUTS assessed through the international prostate 

symptom score (IPSS) [36], and similarly to SP.  In light of this background, this study was undertaken to 

confirm whether the effects of D-004 (320 mg/day) on BPH symptoms, measured by the IPSS [37],  were 

comparable to those of SP (320 mg/day). 
 

II. MATERIALS AND METHODS 

2.1 Study Design  

This randomized, double-blinded, comparative study was conducted in accordance with the Declaration 

of Helsinki. The study protocol and procedures was approved by the Institutional Committee for Clinical 

Research of the Salvador Allende Hospital. Also, the Cuban State Drug Control Centre (Havana City, Cuba). 

Approved the study protocol and staff of such centre independently audited the study conduction. All 

participants provided written informed consent at enrolment. After obtaining their consent, men aged 50 years 
and previously diagnosed with BPH were recruited from the Urology Department of the Hospital and from the 
surrounding suburbs by contacts to patients and letters to their Family Doctors. At enrolment they underwent 

clinical history, IPSS questionnaires and physical examination for screening their eligibility for randomization 

(visit 1). Only BPH patients with IPSS values of 7 or more, but below 19, and without exclusion criteria were 

randomized to D-004 or SP (320 mg) soft gel capsules once daily for 4 months. Randomized patients were 

advised to continue on their usual dietary habits. Further visits were done after complete 1, 2, 3, and 4 months 

on therapy (visits 3 to 6). Subjects underwent physical examination and IPSS interview at each visit. Treatment 

compliance and adverse experiences (AE) were controlled from visits 3 to 6. Laboratory tests and ultrasound 

evaluation were conducted at baseline and at study completion. 

 

2.2 Study subjects 

BPH patients aged ≥50 years were enrolled in the trial. To be eligible for randomization, enrolled men 

should have moderate BPH/LUTS (IPSS ≥ 7, 19) [37,38] and should not show any of the exclusion criteria 
summarised below. Digital rectal prostate examination confirmed participants’ eligibility for the study. Patients 

with any major prostate disease except BPH or those who had urogenital surgery, urinary retention, neurogenic 

bladder, had a prostate specific antigen (PSA) level > 5.0 ng/dL; and/or a creatinine level > 177 μmol/L were 

excluded from the study. Likewise, patients were ineligible if they had arterial pressure values >180/110 mmHg, 

psychiatry problems that limited proper answers to the IPSS questionnaire, diagnosed neoplasias, serious events 

(acute coronary syndromes, stroke, transient ischemic attacks, major surgery, among others) during the prior 6 
months and/or receiving BPH/LUTS-related therapy (5α-reductase inhibitors, α1-adrenoreceptor blockers, or 

phytotherapy). 
 

Causes of premature discontinuations were to experience any AE justifying such a decision, 

unwillingness to continue on the trial and major violations (failure in taking study treatments for 5 days and/or 
to consume supplements or medicines with known effects on BPH/LUTS). 

 

2.3 Treatments  
The extracts were manufactured in one batch each to ensure same consistencies over the trial. The 

capsules of D-004 and SP (Rainbow & Nature, Ltd, Sydney, Australia) had the following free fatty acid 
composition, assessed with a validated gas chromatography method: D-004 capsules: caprylic 0.4 %, capric 

0.6 %, lauric 21.9%, myristic 10.8%, palmitic 10.5%, palmitoleic 0.3%, stearic 2.3%, oleic 43.3%, with a purity 

(total of fatty acids) of 90.1%. SP capsules: caprylic 1.5%, capric 2.5%, lauric 29.9%, myristic 11.8%, palmitic 

8.2%, palmitoleic 0.2%, stearic 1.9%, oleic 33.3%, with a purity of 89.4%. Also, D-004 and SP extracts had 

0.02% and 0.33% of sterols, respectively.  
 

The dose (320 mg/day) was selected because it is that most documented for SP [10-14]. Also, D-004 

administered at this dose for short-term (8 weeks) was able to produce antioxidant effects in healthy and BPH  

men [34-36],  and to lower IPSS values of these last ones in a previous pilot trial [36]. D-004 and SP capsules, 

identical on appearance and packaged in identical codified containers, were given to the subjects according to 

their serial progressive inclusion. Randomisation was computer-generated using balanced blocks and allocation 

ratio 1:1, without stratification. The randomization list was created by personnel who were not associated with 

the trial. The study treatments were dispensed in numbered bottles (provided by the manufacturer), according to 
the randomization sequence. Study participants and the personnel who administered interventions, assessed 

outcomes, or performed data analysis ignored the treatment allocation and the randomized sequence list.  
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Patients were advised to take the study medication once a day with the breakfast for 4 months, and to 

bring all unused capsules to each study visit. Treatment compliance was assessed by counting the remainder 

capsules and interviewing the men. Compliance was considered as good if the subjects taken at least 80% of the 

capsules scheduled from the previous visit, and very good if consumption was over 90%.  
Consumption of medications and/or supplements with known effects on BPH/LUTS or/and urination were not 

allowed during the study. Subjects who were taking some of them were eligible for randomisation only if they 

discontinued consumption for at least 6 months prior to the trial.  

 

2.4 Efficacy variables 

A significant reduction of IPSS was the primary efficacy variable. Since a decrease of 4 IPSS points 

has been suggested as a clinically meaningful symptom reduction, the treatments were considered effective if 

they reduced significantly mean IPSS values by at least 4 points as compared to baseline [2], and comparable if 
the final IPSS values and IPSS net changes in both groups were statistically similar. IPSS was assessed using a 

standard questionnaire form with seven questions, each measured on a scale to which patients respond from 0 

(the best) to 5 (the worst) [37,38].  Secondary efficacy outcomes included prostate size, measured by transrectal 

ultrasonography; residual volume after voiding, measured by diagnostic ultrasound; and changes in PSA levels. 

As for the primary outcome, treatment efficacy was judged in accordance to the significant reduction of values 

versus baseline, the treatments being considered similarly effective if no significant differences between groups 

were found. 

 

2.5 Safety and tolerability 
Data from physical examination, laboratory safety indicators and adverse experiences (AE) were 

analysed. Safety indicators included physical (body weight, pulse rate and blood arterial pressure), 

haematological (haemoglobin, hematocrit, platelets, red cells and white cell counts) and blood biochemistry 

safety indicators (alanine amino transferase –ALT-, aspartate amino transferase –AST-, glucose, creatinine, total 

cholesterol (TC) and triglycerides (TG).  
 

All undesirable events occurred to a subject during the trial, disregarding the cause, should be 

considered as AE, whenever they newly appeared during the trial. In accordance with their intensity, AE were 

classified as mild, moderate or serious. Mild AE should not require suspension of study capsules and/or specific 

treatment of the AE, moderate AE should require stopping therapy and/or specific treatment of the AE, serious 

AE should lead to hospitalisation and/or deaths.  

 

2.6 Laboratory variables 
Blood venous samples were drawn after an overnight fast of 8-12 hours. Haematological indicators 

were automatically determined in the Haematological Complex equipment. Blood biochemistry indicators were 

assessed using reagent kits (Roche, Switzerland) in the Hitachi 912 autoanalyser (Tokyo, Japan). PSA levels 

were determined by immunoenzymatic ELISA (UMELISA PSA kit, Immunoassay Centre, La Habana, Cuba). 

 

2.7 Statistical analysis 

A sample size of 30 subjects/treatment group was expected to provide 80% power to detect a 20.0% 

between-group difference in the mean change from baseline in IPSS. Data analyses were performed in 
accordance to intention to treat (ITT), including all randomized subjects, regardless of study treatment 

compliance. Assuming a 15% of premature withdrawals, approximately 66 patients should be enrolled, so that a 

minimum of 70 subjects should be enrolled. No interim analyses were planned or done.  
 

Comparisons of continuous variables were performed using the t tests for paired (within group 

comparisons) and independent samples (between group comparisons). Categorical variables were compared 

with the two tailed Fisher's Exact Test and confirmed by the chi-square test. A value of  = 0.05 was assumed 
for statistical significance. Comparisons were done with the Statistics software for Windows (USA). 

 

III.  RESULTS 
3.1 Baseline characteristics of study subjects  

Of 80 enrolled patients 61 were randomised to D-004 (n=31) or SP (n=30), while 19 were not eligible 

because of IPSS values below (10 men) and above (1) the inclusion criteria, PSA values >5ng/mL (2) and 
further decline to attend to the inclusion (randomization) visit (6 men). Fifty-nine (59) of 61 randomized 

subjects (96.7%) completed the study. The two withdrawals, both from the SP group, were due were due to 

unwillingness to follow (1) and a serious AE (fatal hemorrhagic stroke), respectively.  

 

Both groups were well balanced at baseline (Table 1). Main co-morbid diseases were hypertension 



Effects of Roystonea regia (D-004) and saw... 

10 

(50.8%), overweight (42.6%), dyslipidemia (41.0%), diabetes (13.1%) and obesity (6.6%). Undesirable lifestyle 

habits like smoking and alcoholism accounted for 21.3% and 4.9%, respectively. The frequency of concomitant 

medications, well matched in the two groups, was high (70.5%). The most frequent concomitant therapies were 

antihypertensive drugs (diuretics, angiotensin converting enzyme inhibitors –ACEI-, β-blockers, calcium 
antagonists), followed by antiplatelet, oral hypoglycemic and lipid-lowering drugs. With the exception of the 

two withdrawals, all randomized patients consumed 100% of the scheduled dose. Then, treatment compliance 

was very good and similar in both groups.  

 

3.2 Effects on the primary outcome  

After 2 months on therapy, both D-004 and SP decreased significantly (p<0.001) mean IPSS values by 

2.1 points as compared to baseline; (15.8% and 16.0% decreases, respectively). This effect increased at study 

completion, when IPSS decreased by 4.8 (36.0%) with D-004 and by 4.5 units (34.1%) with SP (p<0.0001 in 
both cases), without significant difference between both groups.  At study completion, the proportions of D-004 

and SP-treated patients whose IPSS values were reduced by at least 4 units were statistically similar (19 in each 

group). The same was true for those who achieved symptom relief (IPSS <7): 14/31 (45.2%) with D-004, 11/30 

(36.7%) with SP. 

 

3.3 Effects on secondary outcomes  

Both treatments failed to change the prostate volume and the residual volume after voiding as 

compared to baseline. Treatment with SP, not with D-004, increased (p<0.05) serum PSA values (Table 3). 
Comparisons of the secondary outcomes also revealed that treatments were comparable 

 

3.4 Safety and tolerability 

Both treatments were well tolerated. No significant impairment of physical or blood safety indicators 

were found, all individual values remaining within normal range (values not shown for simplicity).  

Only two SP-treated patients withdrew from the study, one due to a serious AE (hemorrhagic stroke). 

Three of 61 patients (4.9%) experienced AE during the study. One patient of the D-004 group had flu-related 

pneumonia, and 2 SP-treated cases had hemorrhagic stroke (1 patient) and flatulence plus pruritus (1 patient). 
 

IV.  DISCUSSION 
In this 4 months randomized trial we found that D-004 was similarly effective as SP for improving 

urinary symptoms in patients with mild to moderate BPH. Also, both treatments reduced prostate size, but 

unchanged residual volume post-voiding as compared to baseline, while serum PSA values unchanged with  

D-004, meanwhile increased with SP. Both groups had similar baseline characteristics, being homogeneous for 

comparisons. Study patients had moderate BPH (IPSS ≥ 7, 19), and concomitant morbidities (hypertension, 
overweight, dyslipidemia, diabetes, obesity) characteristics of this population [39,40]. Concomitant medications 
were consistent with the personal history of the patients. 

 

Keeping in mind that SP was the reference comparator, it is relevant to remark that the product used in 

this trial complied with the recommendation that SP extracts should contain 70 to 95 % of fatty acids and 0.2 to 

0.5 % sterols [10]. The extract here used had 88.4% fatty acids and 0.33% sterols. The mean reductions of IPSS 
(4.8 points with D-004, 4.5 with SP) were greater than 4 points, so that the changes on BPH symptoms can be 

considered as clinically meaningful. The reduction of IPSS here seen was similar to that found in a 6 month 

study where SP decreased significantly the mean IPSS from 16.7 to 12.3 as compared to baseline, the difference 

being significant versus placebo too [41],  but greater than that found in one year multinational study (3.2 

decrease) [2]. On its side, the effect of D-004 (320 mg/day) was quite similar to that found when it was given for 

2 months to patients with moderate BPH (net decrease 4.45, 33.9% reduction) [36].  Nevertheless, the efficacy at 

month 2 on treatment was frankly inferior to that reported for the same treatment period [36], despite the 

baseline characteristics -including IPSS values- of study patients, D-004 composition and treatment compliance 
were similar in both studies. Then, we do not find a conclusive explanation for such a difference. 
 

Since the effects of both treatments on IPSS values at study completion (4 months) were similar we 

may conclude that D-004 was as effective as SP for ameliorating LUTS on these patients. These results suggest, 

however, that the 20% difference between treatments assumed for the sample size calculation was overestimated, 
so that the present results should be confirmed in studies conducted in larger sample sizes. 

Various action mechanisms are suggested for the efficacy of D-004 for treating BPH/LUTS, mainly 

including its inhibition on 5α-reductase [29]  and its antagonism on 1-ADR-mediated responses [30,31], as 
well as its inhibition of 5-lipoxygenase pathway [42]  and its antioxidant effects [32-35]. 

The effects of both treatments on prostate size and the residual post-voiding volume were not 

significant, in agreement with most published for SP that found no effect or just small significant reductions 
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[9,10,43-45]. Nevertheless, it should be noted that the great dispersion of baseline and after treatment values of 

these variables could limit the possibility of find any significant change in our study. The high variability of 

these data, however, matches with the results found in real clinical practice. One limitation of the present study 

was that effects on maximal urinary flow, a relevant urological outcome, were not assessed, which prevented the 
demonstration of effects on another objective variable. Unexpectedly, serum PSA increased with SP, while 

remained unchanged with D-004. The effects of SP on PSA have been some controversial, most studies have 

documented that SP does not modify PSA levels [2,9,10,45], while some trials have found mild significant 

reductions [44]. To our knowledge, this is the first study reporting an increase of serum PSA after SP therapy.  
 

The treatments were safe and well tolerated, consistent with previous data on SP [11-24] and D-004.  
The hemorrhagic stroke that occurred in one SP-treated patient was considered as not related to the treatment 

but to the prior history of the patient (coronary heart disease, hypertension). The present results merit continue 

further research of the effects of D-004 on patients with BPH/LUTS, including studies with larger sample sizes, 

longer treatment and searching effects on the urinary flow. 
 

V. CONCLUSIONS 
In this study, D-004 (320 mg/day) given for 4 months was as effective as SP (320 mg/day) for 

decreasing LUTS in men with moderate BPH. Both treatments were well tolerated. Further studies should 

confirm the efficacy of D-004 for BPH. 
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Table 1. Main baseline characteristics of study subjects 

Characteristics D-004 (320 mg/day) (n =31) SP (320 mg/day) (n =30) Total (n = 61) 

(X  SD) 

Age (years) 65  6 63  8 64  7 

BMI (kg/m
2
) 25.5  3.8 25.2  2.6 25.4  3.3 

IPPS 13.3  3.7 13.3  3.4   13.3  3.53 

Personal history (n) 

Hypertension 16 15 31 

Overweight (kg/m
2 

≥25, < 30) 11 15 26 

Dyslipidemia 13 12 25 

Smoking   8   5 13 

Diabetes   5   3   8 

Obesity (kg/m
2 
≥ 30)   3   1   4 

Alcoholism 1 2   3 

Coronary heart disease   2  1  3 

Concomitant therapy (n)
a 

Any concomitant drug 21 22 43 

Diuretics 9  6 15 

ACEI 4  8 12 

β-blockers 4 6 10 

Calcium antagonists 5 3 8 

Antiplatelet drugs 4 3 7 

Oral hypoglycemic drugs 4 3 7 

Lipid-lowering drugs 3 3 6 

SP- saw palmetto; X- mean; n- numbers; BMI- body mass index; IPPS- International Prostate Symptom Score; 

ACEI- angiotensin converting enzyme inhibitors, a Consumed by 6 patients. 
 All comparisons were not significant.  

 

Table 2. Effects of D-004 and SP on IPSS values in patients with BPH (X
1
  MSE) 

Treatment Baseline 2 months net change 4 months net change 

D004 13.00 ± 0.67 10.00  1.02* 3.00 7.00  0.95** 6.00 

95% CI (11.9-14.6) (9.1-13.2)  (6.5-10.4)  

SP 13.00  0.62 9.50  1.17* 3.50 8.00  1.05** 5.00 

95% CI (12.0 -14.6) (8.8-13.6)  (6.6-10.9)  

SP- saw palmetto; X1 - median, MSE- mean standard error, CI- confidence interval.  
Net changes- after treatment minus baseline values 

*p < 0.05, **p < 0.0001, Comparison with baseline (t test for paired samples) 

Between group comparisons were not significant (t test for independent samples and ANOVA) 
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Table 3. Effects of D-004 and SP on secondary outcomes in men with BPH (X
1
  MSE)  

Treatment Baseline 4 months 

Prostate size (cm
3
)  

D004 40.00  3.68   37.00  3.01  

SP 34.50  4.40   31.50  3.57 

Residual post-voiding volume (cm
3
) 

D004 58.00  15.48 50.00  16.81 

SP 60.50  14.82 68.50  14.91 

PSA (ng/mL) 

D004 1.91  0.36   1.51  0.43  

SP 1.53  0.34   1.77  0.55* 

SP- saw palmetto; X1 - median, MSE- mean standard error, PSA- prostate specific antigen. 

* p  0.05; ** p  0.0001. Comparison with baseline (t test for paired samples) 
 


