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INTRODUCTION

Repeated exposure to solar UV radiation causes human skin to age prematurely (photoaging) (Fisher 2002, Kang 2001). Photoaged 
skin is characterized by a variety of clinical, histological, and biochemical features. Wrinkles, uneven pigmentation, laxity, brown spots, 
and a rough appearance are common (Gilchrest 1992 – ref 4, fisher, NEJM). Histological changes include disorganized collagen fibrils 
in the dermis, reduced levels of types I and III collagen precursors and crosslinks, increased ratios of type III to type I collagen, and high 
levels of elastin (Fisher 1997).

All-trans retinoic acid (RA), or tretinoin, is the primary topical pharmaceutical used to reduce the clinical manifestations of photoaged 
skin (Kang 2001). RA induces expression of procollagen genes which, in turn, probably increases production of procollagens I and III, 
resulting in increased deposition of collagen fibrils (Fisher 2002). The beneficial effects of topical tretinoin on photodamaged skin have 
been described in detail by Kligman and colleagues (1986). These authors also noted that skin irritation may occur during the first 
month of treatment, especially in young, fair-skinned patients.

Because of the reported skin irritation associated with topical RA, interest has emerged in retinol (vitamin A) which is noted for effects 
similar to RA but less skin irritation (Tucker-Samaris 2009). Two groups (Kurlandsky 1994, Duell 1997) reported that topical retinol is 
metabolized to RA in the skin while Kang and colleagues (1995) and Varani (2000) described epidermal thickening, reduced levels of 
MMPs, increased growth of fibroblasts, and increased collagen synthesis in human skin after retinol application (Tucker-Samara 2009).

The improvements associated with topical retinol therapy may not all be attributed to in vivo conversion of retinol to RA. An earlier 
study (Connor 1986) showed that the potency of retinol in inducing epidermal hyperplasia is approximately half that of RA. Connor and 
colleagues (1987) later treated hairless mice with either retinol or RA in an effort to identify the possible role of RA formation from retinol. 
Tissue and elimination studies of both agents led these authors to conclude that the difference in potency could not be explained by in 
vivo conversion of retinol to RA, but rather to lower tissue uptake of retinol compared to RA.

Retinol has been formulated in an oil-free, aqueous suspension to increase penetration into the skin. The topical formulation also 
includes collagen, elastin, sodium hyaluronate to drive retinol metabolism to RA. The present report describes a small pilot study to 
determine the efficacy of this new topical formulation at 1% retinol and a more extensive study to evaluate the effects of this same 
formulation at 0.5% retinol to minimize irritation.

METHODS

Pilot Study (1% Retinol)

An open-label pilot study was conducted at two sites (LK, VB) to determine the efficacy of a suspension of retinol (1%) (Retriderm 
ULTRA, Biopelle, Inc., Ferndale, MI) for the topical treatment of photodamaged skin. Subjects (n=6, n= 5) with wrinkles of grade 3 or 
higher on the Rao-Goldman wrinkle scale and overall photodamage of grade 3 or higher applied retinol suspension once per day in 
the evening and sunscreen in the morning for 8 weeks (VB) or 12 weeks (LK). Investigators graded skin characteristics (cheek wrinkles, 
under-eye wrinkles, crow’s feet, forehead wrinkles, skin roughness, lack of skin brightness, mottled pigmentation, overall photodamage) 
at baseline (LK, VB), 4 weeks (VB), 6 weeks (LK), 8 weeks (VB), and 12 weeks (LK). Photographs were obtained at baseline and at 
8 or 12 weeks. For simplicity in data analysis the 4-week and 6-week data were combined and the 8-week and 12-week data were 
combined. Subject assessments were obtained at one site (VB).

Low-Concentration Retinol (0.5%) Study

Subjects. Thirty females aged 36 to 63 years (median 56.0) with Fitzpatrick skin types II or III enrolled in the study. Subjects had 
moderate to severe facial photodamage (at least 3 on the Glogau scale) and moderate to severe facial wrinkles (at least 3 on the 
Rao-Goldman scale). Exclusion criteria were pregnancy, uncontrolled systemic disease, hypersensitivity to components of study 
medication, topical use of retinoid product during the previous 3 months, systemic steroid therapy during the previous 6 months or 
systemic retinoid therapy during the past year, facial use of botulinum toxin A or dermal filler/biostimulatory product or ablative laser 
treatment during the previous 6 months, use of topical medicated products on treatment areas during the study, recent excessive 
exposure of the face to UV radiation, facial skin condition that might interfere with the interpretation of study parameters, and recent 
(30-day) participation in a research study.



Study Design. Subjects were instructed to discontinue use of topical anti-ageing facial products at least 1 week before the study and 
to not receive a facial microdermabrasion (light or medium skin peel) treatment 30 days before the study. The active group 
(n = 22) used serum (Retriderm Serum, Bioelle, Inc., Ferndale, MI) while the control group (n = 8) used vehicle. Assignments were made 
in a randomized, double-blinded manner. Each subject applied product to her entire face once daily as described below. Treatment 
products were dispensed at the baseline visit and inspected at each follow-up visit. All subjects provided signed informed consent to 
treatment.
Subjects were instructed to apply cleanser (Cetaphil) to the face each morning and evening, sunblock (SPF 30) to face each morning, 
moisturizer each evening, and study product each evening during the study period. Evaluations at the baseline, 4-week, and 8-week 
visits are presented in Table 1.

Table 1. Evaluations performed by the investigator, subjects, or both at each visit

Evaluation Baseline 4 Weeks 8 Weeks

Glogau photodamage* ✔ ✔ ✔

Rao-Goldman wrinkles* ✔ ✔ ✔

Wrinkles, UV spots (photogenerated)* ✔ ✔ ✔

Questionnaire† ✔ ✔ ✔

Signs of photoaging* ✔ ✔ ✔

Symptoms (burning, dryness, itching)* ✔ ✔

Global response to treatment*† ✔ ✔

Facial skin quality† ✔ ✔ ✔

Adverse events* ✔ ✔

Medications, medical conditions* ✔ ✔ ✔

*investigator
†Subject

Data Collection 

Overall photodamage was assessed using Glogau’s 4-point scale in which 1 = minimal to no discoloration or wrinkling and no 
keratosis; 2 = wrinkling in skin with movement, slight lines near mouth and eyes, no keratosis; 3 = visible wrinkles all the time, 
noticeable discolorations, visible keratosis; and 4 = wrinkles throughout, grey or yellow discoloration of skin, history of skin 
cancer. Wrinkles were evaluated using the Rao-Goldman 5-point scale in which 1 = no wrinkles, 2 = shallow but visible wrinkles, 
3 = moderately deep wrinkles, 4 = deep wrinkles with well-defined edges, and 5 = very deep wrinkles with redundant skin folds. 
Wrinkles and UV spots were evaluated by photogenerated scores (Visia, Canfield Scientific, Fairfield, NJ). Signs of photoaging 
(hyperpigmentation, telangiectasias, skin laxity, tactile roughness, actinic keratosis [AK]) were graded on a 5-point (1-5) scale. Burning, 
dryness, itching, and redness were graded on a 5-point (0-4) scale.

Global evaluation of response to treatment was graded by both the investigator and subjects, using the following scale: 0 = completely 
cleared; 1 = almost cleared (trace of signs, symptoms); 2 = marked improvement (some signs, symptoms); 3 = moderate improvement 
(fair amount of signs, symptoms); 4 = mild improvement (distinct amount of signs, symptoms); 5 = no change from baseline; 6 = 
worsening of signs, symptoms.

Facial skin quality (dryness, oiliness, texture, lines and wrinkles [eye and mouth areas], cheek skin tightness, pigmentation, thickness, 
general) was evaluated by subjects at each visit.

Statistical Analysis. Non parametric statistics were applied because numerical data were not continuous. The Mann Whitney, 
Wilcoxon Signed Rank, or chi square test was used to test for significant differences. Friedman’s test was used when baseline, 4-week, 
and 8-week data (3 groups) were compared within either the active product or vehicle group. The cutoff level was p = 0.05. When 
multiple comparisons were with baseline the Bonferroni correction was applied to the cutoff level. For example, if two comparisons 
were made with baseline the corrected cut-off value is 0.05/2 = 0.025. P values showing significant differences are highlighted in 
yellow.

RESULTS

Pilot Study

One subject was lost to follow-up. The percentage of subjects that achieved at least 1 grade improvement from baseline at 30 to 
46 days (4-6 weeks) and at 60 to 80 days (8-12 weeks) for each skin characteristic is shown in Figures 1 and 2. At 60 to 80 days 
the percentage of improved subjects was 100% for overall photodamage, crow’s feet and lack of elasticity; 90% for cheek wrinkles 
and lack of brightness; 80% for mottled hyperpigmentation, 70% for under-eye wrinkles and forehead wrinkles, and 40% for skin 
roughness. For all characteristics except under-eye wrinkles the percentage of improved patients is higher at 60 to 80 days than at 30 



to 46 days. This suggests that improvement occurs rapidly, increases until at least 8 to 12 weeks, and might be expected to continue 
beyond 8 to 12 weeks.

Percentages of subjects improved by at least 1 grade in subject-assessed skin characteristics are shown in Figures 3 and 4. 
Percentages of improved patients varied from 100% for skin suppleness to 25% for wrinkles. Skin irritation was reported by a few 
subjects (data not documented). Clinical examples are shown in Figures 5-7.

The data shows that the the 1% retinol suspension improves skin characteristics of photodamage in the majority of subjects. While no 
data on side effects were collected, patients informally reported some irritaiton. These encouraging results justified an additional study 
to evalutate the efficacy of a 0.5% retinol suspension for a short time (e.g., 8 weeks) and to determine the likelihood of skin irritation at 
this lower concentration.

Figure 1. Percentage of subjects that achieved at least 1 grade improvement from baseline at 30-46 days and at 60-80 days for 
investigator-assessed skin characteristics.

Figure 2. Percentage of subjects that achieved at least 1 grade improvement from baseline at 30-46 days and at 60-80 days in investigator-assessed 
skin characteristics.
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60-80 Days



Figure 3. Patient assessments. Percentage of subjects that achieved at least 1 grade improvement from baseline at 60-80 days.

Figure 4. Patient assessments - Percentage of subjects that achieved at least 1 grade improvement from baseline at 60-80 days.



Figure 5. A 58 year old female before (left) and after (right) treatment with retinol (1%) for 12 weeks. Photographs courtesy of Leon Kircik, MD.

Figure 6. A 69 year old female before (left) and after (right) 8 weeks of treatment with retinol (1%) suspension. Photographs courtesy of Vivian Bucay, MD.

Figure 7. A 57 year old female before (left) and after (right) 8 weeks of treatment with retinol (1%) suspension. Photographs courtesy of Vivian Bucay, MD.



Low-Concentration Retinol Study

Baseline Comparisons. All subjects completed the study. Subject ages and baseline values of each skin characteristic for active 
product and vehicle were compared and tested for significant differences. The results show that except for moist/dry, baseline 
characteristics do not differ significantly between the two groups.

Inter-Group Comparisons

Assessments of each skin characteristic were compared for the active product and vehicle groups at week 4 and week 8. Differences 
from baseline were calculated by subtracting baseline values from their post treatment values for each treatment group. Differences 
between active product and vehicle values were tested for significance by either the Mann Whitney or chi square test. 

Differences between the two treatment groups were not significant for general evaluation of the face, Visia White light (wrinkles), Visia 
UV (spots), and the Glogau analysis. Differences were significant for hyperpigmentation and AKs at 8 weeks (p = 0.0096 and 0041, 
respectively), cheek skin at 4 weeks (p = 0.0251), and response to treatment at 8 weeks (p = 0.0261). In these four categories the 
active product performance was superior to that of the vehicle.

Table 1. P values of comparisons with baseline within each treatment group 

The actual grade values (rather than values arrived at by subtracting baseline values from post-treatment values) were compared 
to baseline within each of the two treatment groups (Table 1). Unlike the previous comparisons, in which active product and vehicle 
groups were compared directly, these comparisons were all within a single treatment group. Friedman’s test was used when baseline, 
4-week, and 8-week data (3 time points) were compared within either the active product or vehicle group and the Wilcoxon signed 
rank test was used when either the 4-week or 8-week values (2 time points) were compared to baseline within a single treatment 
group.

Evaluation Baseline vs. 4 wk vs. 8 wk Baseline vs. 4 wk Baseline vs. 8 wk

Active Vehicle Active Vehicle Active Vehicle

Gen Eval Face 0.0012 (s) 0.6065 (ns) 0.0391 (ns) 1.000 (ns) 0.0010 (s) 0.5000 (ns)
Visia white light 0.6286 (ns) 0.0498 (ns) 0.7502 (ns) 0.3750 (ns) 0.7680 (ns) 0.3125 (ns)
Visia UV 0.4046 (ns) 0.5818 (ns) 0.3683 0.9375 (ns) 0.1870 (ns) 0.3750 (ns)
Glogau 0.0663 (ns) 0.2636 (ns) 0.2500 (ns) 0.5000 (ns) 0.0625 (ns) 0.5000 (ns)

Signs of photodamage

Hyperpigmentation <0.0001 (s) 0.0681 (ns) <0.0001 (s) 0.2500 (ns) <0.0001 (s) 0.0625 (ns)
Telangiectasias 0.0069 (s) 0.1738 (ns) 0.0107 (s) 0.2500 (ns) 0.0137 (s) 0.6250 (ns)
Skin laxity <0.0001 (s) 0.1738 (ns) <0.0001 (s) 0.2500 (ns) <0.0001 (s) 0.2500 (ns)
Tactile roughness <0.0001 (s) 0.2122 (ns) 0.0001 (s) 0.6250 (ns) <0.0001 (s) 0.0938 (ns)
Actinic keratoses <0.0001 (s) 0.6514 (ns) 0.0034 0.8125 (ns) <0.0001 (s) 0.8125 (ns)

For the general evaluation of the face, the baseline, 4-week, and 8-week assessments were compared by Friedman’s test and found 
to differ significantly (p = 0.0012). To more precisely locate the differences within these three subgroups, the 4-week and 8 week data 
were compared separately to baseline by the Wilcoxon signed rank test. Since both comparisons were with baseline the Bonferroni 
correction was applied to obtain a new cutoff level of 0.025.

As shown in Table 1, the 8-week general evaluation of the face was significantly superior to baseline in subjects treated with active 
product (p = 0.0010) but not for subjects treated with vehicle (p = 0.2500). For hyperpigmentation, telangiectasias, skin laxity, tactile 
roughness, and AKs of subjects treated with active product, the 4-week and 8-week assessments were significantly different from 
baseline. This was not the case for these same skin characteristics in vehicle. This behaviour suggests that the active product appears 
to improve all five skin characteristics over the treatment period and the vehicle does not. These results are in conflict with those of 
Table 1 in which active product and vehicle were compared directly with each other by the chi square test. Hyperpigmentation and AKs 
improved significantly at 8 weeks but not at 4 weeks when active product was used.

These conflicting results may be due to different numbers of samples in active product (n = 22) and vehicle (n = 8) and to differences in 
sensitivity between the chi square and Wilcoxon signed rank tests. At any rate, there appears to be at least a trend in improvement in 
hyperpigmentation, telangiectasias, skin laxity, tactile roughness, and AKs when active product is used but not when vehicle is used. 
Improvement in hyperpigmentation and AKs with active product is apparent at 8 weeks by both statistical approaches.



Symptoms

Burning, dryness, itching, and redness are tabulated in Tables 2 and 3. The data show that these symptoms are negligible in most 
cases and occasionally mild. Dryness was moderate at 4 weeks in a single vehicle subject and at 8 weeks in a single subject treated 
with active product.

Table 2 Severity of symptoms at 4 weeks

Grade Burning Dryness Itching Redness

Active Vehicle Active Vehicle Active Vehicle Active Vehicle

0 20 6 19 6 22 7 20 7

1 1 1 1 0 0 0 2 0

2 1 0 2 0 0 0 0 0

3 0 0 0 1 0 0 0 0

4 0 0 0 0 0 0 0 0

Table 3. Severity of symptoms at 8 weeks 

Grade Burning Dryness Itching Redness

Active Vehicle Active Vehicle Active Vehicle Active Vehicle

0 22 8 19 7 21 8 21 7

1 0 0 2 0 0 0 0 1

2 0 0 0 1 1 0 1 0

3 0 0 1 0 0 0 0 0

4 0 0 0 0 0 0 0 0

Response to Treatment 

Investigator-assessed response to treatment was generally mild (grade 4) to moderate (grade 3) at both 4 weeks and 8 weeks for both 
treatment groups (Table 4). Differences between the two treatment groups (active vs. vehicle) were not significant at 4 weeks and at 
8 weeks by the Mann Whitney test. Visual inspection reveals, however, that at 4 weeks, moderate improvement occurs in 9/22 (41%) 
and marked improvement occurs in 1 (4%) of active subjects; in vehicle subjects moderate improvement is observed in only 1/7 (14%) 
of vehicle subjects. At 8 weeks the respective values are 45%, 4%, and 38%. Although more vehicle subjects show mild improvement 
at 8 weeks than at 4 weeks, the percentage of improved subjects and the degree of improvement are greater in the active group at 
both time points.

Table 4 Response to treatment (investigator)

Grade 4 Weeks 8 Weeks

Active Vehicle Active Vehicle

0 0 0 0 0

1 0 0 0 0

2 1 0 1 0

3 9 1 9 3

4 10 4 10 4

5 2 2 2 1

Subject-assessed response to treatment was generally mild (grade 4) to moderate (grade 3) at both 4 weeks and 8 weeks for both 
treatment groups (Table 5). Differences between the two treatment groups were not significant at 4 weeks and at 8 weeks by the 
Mann Whitney test. Visual inspection reveals, however, that at 4 weeks, mild to moderate improvement occurs in 4/22 (18%) of active 
subjects and in none of vehicle subjects, although marked improvement occurs in 1/7 (14%) of vehicle subjects. At 8 weeks 12/22 
(54%) of active subjects show at least moderate improvement compared to 25% of vehicle subjects. Although more vehicle subjects 
show mild improvement at 8 weeks than at 4 weeks, the percentage of improved subjects and the degree of improvement are greater 
in the active group at both time points.



Table 5. Response to treatment (subjects)

Grade 4 Weeks 8 Weeks

Active Vehicle Active Vehicle

0 0 0 0 0

1 0 0 1 1

2 0 1 2 0

3 4 0 9 1

4 16 4 10 3

5 2 2 0 3

Both investigator and subject-assessed responses 
to treatment suggest a trend in which more subjects 
improve with active product than with vehicle, although 
the difference between the two groups did not achieve 
statistical significance.

Figure 8. A 50 year old 
female before (left) and 
after (right) 8 weeks of 
treatment with retinol 
(0.5%) suspension. 
Photographs courtesy of 
Michael Gold, MD.

Figure 9. A 42 year old 
female before (left) and 
after (right) 8 weeks of 
treatment with retinol 
(0.5%) suspension. 
Photographs courtesy 
of Michael Gold, MD.

Figure 10. Visia® 
brown spot analysis of 
a 41 year old female 
before (left) and after 
(right) 8 weeks of 
treatment with retinol 
(0.5%) suspension. 
Photographs courtesy 
of Michael Gold, MD.



DISCUSSION

This is the first report to demonstrate (1) the efficacy of 1% retinol in a proprietary formulation designed to improve delivery of retinol 
to photodamaged skin and (2) the efficacy and safety of the same formulation with 0.5% retinol. The pilot study showed that the 
commercially available product (1% retinol) improved crow’s feet; elasticity; wrinkles of the cheek, under-eye, and forehead; brightness; 
mottled hyperpigmentation; and skin roughness for up to 8 to 12 weeks. In the subsequent study with the lower 0.5% retinol 
formulation, more modest efficacy was observed, as expected, because the concentration of active product was reduced and the 
study period was limited to 8 weeks.

In the study of 0.5% retinol, when active product and vehicle were compared directly, active product performance was significantly 
superior to that of vehicle in improving hyperpigmentation and AKs at 8 weeks (p = 0.0096 and 0041 respectively), cheek skin at 
4 weeks (p = 0.0251), and subject-evaluated response to treatment at 8 weeks (p = 0.0261). Performances of treatment groups 
did not differ significantly for telangiectasia, skin laxity, and tactile roughness, moist/dry, oiliness, texture, wrinkles (eye and mouth), 
pigment, skin thickness, and overall. Within-group comparisons to baseline, however, were different. The 8-week general evaluation 
of the face was significantly superior to baseline in subjects treated with active product (p = 0.0010) but not for subjects treated with 
vehicle (p = 0.2500). Visia White light (wrinkles), Visia UV (spots), and Glogau data at 4 weeks and 8 weeks did not differ significantly 
from baseline. For hyperpigmentation, telangiectasias, skin laxity, tactile roughness, and AKs of subjects treated with active product, 
the 4-week and 8-week assessments were significantly different from baseline. This same skin attributes at 4 weeks and 8 weeks 
did not differ significantly from baseline in vehicle. Burning, dryness, itching, and redness were generally negligible in both treatment 
groups. Response to treatment was generally mild to moderate improvement at both 4 weeks and 8 weeks for both treatment groups. 
Responses between the two treatment groups did not differ significantly at 4 weeks and at 8 weeks.

The choice to use retinol in the present study was based on several considerations. Antille and colleagues (2004) studied the 
penetration and metabolism of topical retinol, RA, retinyl palmitate (RP), and retinal in human skin explants. Twenty-four hours after 
applying a retinol-containing cream, the retinol and retinyl ester content of skin had increased 100-fold and 5-fold, respectively. 
Duell and colleagues (1997) compared retinoidal effects of retinol, retinaldehyde, and RP in human skin and evaluated the effects of 
occlusion during contact with skin. (The retinoid effects in these experiments were induction of retinoic acid 4-hydroxylase activity.) 
Each retinoid was in a prototypic vehicle of ethanol, propylene glycol, and antioxidant. The authors found that in this vehicle, 
penetration of unoccluded retinol was greater than that of unoccluded RA, and that the retinoid effects of retinol were greater than 
those of RA, even though retinol is a weaker retinoid than RA. This study shows the importance of penetration into the skin on the 
ability of a retinoid formulation to exert its retinoid effects. In the present study, retinol was applied to photodamaged skin and shown 
in both studies to provide clinical benefit, even at the lower retinol concentration of 0.5%. The results may be explained by improved 
penetration of retinol into photodamaged skin.

Limitations of the present study are the short study period and the small number of subjects in the pilot study and in the vehicle 
treatment arm of the 0.5% retinol study. Future studies should focus on 0.5% retinol, with more subjects of varying severities of 
photodamage followed for longer than 8 weeks and histological studies to elucidate the interactions among the retinoids in the skin 
after application of the less concentrated active product.

CONCLUSION

The topical formulation of 1% retinol improves photodamaged skin for at least 8 to 12 weeks. Although improvements with the 0.5% 
retinol were more modest, burning, dryness, itching, and redness during the 8-week study period were minimal. The encouraging 
results justify a longer-term study to determine if 0.5% retinol would provide benefits comparable to those of 1% retinol. 

In clinical practice it is likely that due to skin tolerability and the desire to acclimatize the skin to Vitamin A topical treatment that an 
individual will be started on the Retriderm® 0.5% Retinol formulation. It is estimated that the contents of the 30ml bottle will last 
approximately 8 weeks with daily usage. In these circumstances it can be seen that clinical improvements are to be expected and 
tolerability is generally good. However patient expectations should be managed balancing the significance of the clinical outcomes and 
skin tolerability during this initial period. Longer term use of the 0.5% Retinol formulation should be encouraged, or a step-up to the 
Retriderm® 1.0% formulation considered, for greater clinical effects.
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