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Synopsis.
OBJECTIVE: The maintenance of youthful skin appearance is

strongly desired by a large proportion of the world’s population.

The aim of the present study was therefore to evaluate the effect

on skin wrinkling, of a combination of ingredients reported to influ-

ence key factors involved in skin ageing, namely inflammation,

collagen synthesis and oxidative/UV stress. A supplemented drink

was developed containing soy isoflavones, lycopene, vitamin C and

vitamin E and given to post-menopausal women with a capsule

containing fish oil.

METHOD: We have performed a double-blind randomized con-

trolled human clinical study to assess whether this cocktail of die-

tary ingredients can significantly improve the appearance of facial

wrinkles.

RESULTS: We have shown that this unique combination of mi-

cronutrients can significantly reduce the depth of facial wrinkles

and that this improvement is associated with increased deposition

of new collagen fibres in the dermis.

CONCLUSION: This study demonstrates that consumption of a

mixture of soy isoflavones, lycopene, vitamin C, vitamin E and fish

oil is able to induce a clinically measureable improvement in the

depth of facial wrinkles following long-term use. We have also

shown, for the first time with an oral product, that the improve-

ment is associated with increased deposition of new collagen fibres

in the dermis.

R�esum�e.
OBJECTIF: Le maintien de l’apparence d’une peau jeune est vive-

ment souhait�e par une grande proportion de la population mondi-

ale. L’objectif de la pr�esente �etude �etait donc d’�evaluer l’effet sur les

rides de la peau, d’une combinaison d’ingr�edients rapport�es �a
influer sur les facteurs cl�es impliqu�es dans le vieillissement de la

peau, �a savoir l’inflammation, la synth�ese du collag�ene et le stress

oxydatif / UV. Une boisson suppl�ement�ee a �et�e �elabor�ee contenant

des isoflavones de soja, le lycop�ene, la vitamine C et la vitamine E

et donn�ee aux femmes m�enopaus�ees avec une capsule contenant

de l’huile de poisson.

M�ETHODE: Nous avons effectu�e une �etude clinique humaine con-

trôl�ee randomis�ee en double aveugle afin de d�eterminer si ce cock-

tail d’ingr�edients alimentaires pouvait am�eliorer consid�erablement

l’apparence des rides du visage.

R�ESULTATS: Nous avons montr�e que cette combinaison unique de

micronutriments peut r�eduire consid�erablement la profondeur des

rides du visage et que cette am�elioration est associ�ee �a un d�epôt de

nouvelles fibres de collag�ene dans le derme.

CONCLUSION: Cette �etude montre que la consommation d’un

m�elange d’isoflavones de soja, de lycop�ene, de la vitamine C et de

la vitamine E et de l’huile de poisson est capable d’induire une

am�elioration cliniquement mesurable dans la profondeur des rides

du visage apr�es utilisation �a long terme. Nous avons �egalement

montr�e, pour la premi�ere fois avec un produit oral, que l’am�eliora-

tion est associ�ee �a une augmentation du d�epôt de nouvelles fibres

de collag�ene dans le derme.

Introduction

The maintenance of youthful skin appearance is strongly desired

by a large proportion of the world’s population. Skin, like all

organs of the body, undergoes alterations due to the passage of

time and changes are primarily characterized by a loss of elasticity,

increased roughness, uneven skin tone and the appearance of

wrinkles. The prevalence of pruritus also increases in aged skin,

reflecting poor hydration, impaired skin barrier and altered neural

function [1, 2].

The underlying biological mechanisms that give rise to these

symptoms are numerous, including changes in dermal extracellular

matrix (ECM) turnover, increases in inflammatory status and reduc-

tion in blood flow. Skin wrinkling in particular arises, in part, from

atrophy of the dermal layer of which type I collagen is the major

component. This protein is by far the most abundant in human skin,

comprising more than 90% of its dry weight and it confers structural

integrity on the skin [3]. With increasing age, the amount and integ-

rity of collagen in skin is reduced, a process that is further enhanced

in photodamage [4]. This decline is brought about by increased

expression of collagen-degrading matrix metalloproteinases (MMPs)

with age, coupled with the failure to replace the damaged collagen

with newly synthesized protein [5].

The period of most rapid decline in skin quality is around the

menopause, with the dramatic decline in circulating oestrogen cor-

relating strongly with loss of dermal collagen and contributing
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significantly to pronounced skin atrophy, dryness and sensitivity

[6], along with decreased elasticity and wrinkle formation [7]. Fur-

thermore, the positive effects of oestrogen replacement on skin have

been demonstrated in clinical studies that have shown that

hormone replacement therapy (HRT) greatly improves the skin of

menopausal women [8, 9]. Increased collagen content, dermal

thickness and elasticity have also been demonstrated [10].

Because many of the age-associated changes in skin occur deep

in the dermis, they are often difficult to influence with topical prod-

ucts. Effective delivery of nutrients through the diet to the lower

region of the skin, particularly to the collagen-producing dermal

fibroblasts, is therefore an attractive option. There has been an

increasing amount of evidence in recent years showing the poten-

tial effects of diet on skin ageing, with new insights into the rela-

tionship between food intake and skin appearance beginning to

emerge [11, 12].

There is now convincing evidence from in vitro, animal and

human studies that dietary constituents can afford an important

degree of endogenous photoprotection and may therefore be pre-

sumed to help reduce skin photoageing. Whilst the level of sun pro-

tection (measured as the sun protection factor; SPF) with an SPF 2

to 4 is considerably lower than that afforded by topical sun creams

with an SPF of 5 to >50, over a lifetime systemic dietary, photopro-

tection is still expected to contribute very significantly to overall

improved skin appearance.

The ability of a nutrient to provide systemic photoprotection

requires it to have one or more of the following functions: prevent

the absorption of UV light by skin, protect target molecules by act-

ing as an antioxidant scavenger, induce cellular repair systems or

suppress cellular responses such as inflammation. Vitamins such as

vitamin C and vitamin E [13–16], carotenoids (E.g. lycopene) [17–
22] and n-3 polyunsaturated fatty acids [23, 24] have all been

shown to provide photoprotective benefits, following oral consump-

tion and are believed to operate through one or more of the above

mechanisms. Carotenoids are highly effective scavengers of singlet

oxygen [25, 26], whilst n-3 polyunsaturated fatty acids have been

shown to influence inflammation in skin through down regulation

of prostaglandin E2 (PGE2) and leukotriene B4 (LTB4) [27–29].
Both vitamin E and vitamin C form part of the skin’s natural

defence against reactive oxygen species and their interaction is

thought to be particularly important in the protection of skin

against photo-oxidation [30]. Vitamin C is also an essential cofac-

tor in the biosynthesis of collagen, an important process in the

prevention of skin ageing [31].

Given the association of oestrogen levels with deterioration in

skin quality at menopause, plant-derived compounds that are able

to mimic oestrogen have also received much attention as potential

anti-ageing nutrients. These so-called phytoestrogens have been

described as a partial alternative to HRT, due to their ability to

bind to and activate the oestrogen receptor [32, 33]. Activation of

this receptor has also been associated with induction of collagen

synthesis by dermal fibroblasts [34]. Phytoestrogens are believed to

offer potential therapies for hormonal-dependent conditions, includ-

ing the menopause, without the unwanted side effects associated

with HRT [35]. Indeed, epidemiological studies have indicated a

strong correlation between the consumption of soya products in

the Far East, containing high levels of phytoestrogens and reduced

incidence of hormone-related diseases, including some menopausal

symptoms [36–38]. In addition to their hormonal-like effect, die-

tary phytoestrogens have also been reported to exert their effects

via non-hormonal mechanisms [39]. It is therefore hypothesized

that long-term consumption of foods containing phytoestrogens

may exert anti-ageing effects in post-menopausal women, including

alleviation of skin-associated symptoms.

The aim of the present study was therefore to evaluate the effect

on skin wrinkling, of a combination of ingredients reported to influ-

ence key factors involved in skin ageing; namely inflammation, col-

lagen synthesis and oxidative/UV stress. A supplemented drink was

therefore developed containing soy isoflavones, lycopene, vitamin C

and vitamin E and given to post-menopausal women with a

capsule containing fish oil.

Post-menopausal women are considered a useful cohort to study,

with respect to skin ageing, as the quality of skin declines dramati-

cally in women following the menopause. Any intervention aimed

at correcting the symptoms of skin ageing are therefore likely to

have a greater effect in this target population.

Materials and methods

Randomized controlled study

The study was double-blind and placebo-controlled and conducted

by ProDERM Institute for Applied Dermatological Research (Ham-

burg, Germany) between January and July 2006.

Eligible subjects were healthy, non-smoking, post-menopausal

females (skin type I-III as described by the Fitzpatrick skin type

scale [40]) who were not receiving HRT, not using dietary supple-

ments and with a BMI between 18 and 33 kg m�2. Power calcula-

tions for the smallest difference between the treatments were

performed by bootstrapping data of sample sizes of 101 individuals

from a previous double-blind placebo-controlled study with identi-

cal primary objectives [41]. These calculations indicated that a

sample size of 50 individuals per treatment group would be suffi-

cient to achieve a power of 75%.

Subjects were allocated to treatment groups using a random

allocation procedure in SAS (SAS Institute Inc., Cary NC, U.S.A).

The randomization was stratified by age, BMI and time at meno-

pause. Study sponsors, investigators and statisticians remained

blind to the treatment allocation to avoid bias during data analysis.

Subjects were randomized into three groups of equal size in a paral-

lel design. Two arms of the study were given a combination of

drinks and capsules containing differing dose levels of the active

ingredients. The third arm was given placebo drinks & capsules,

containing no active ingredients. Test products were a combination

Table I Study treatments and active ingredient doses

Active ingredient

mg per daily dose

Placebo group Test group 1 Test group 2

Total isoflavone

(expressed as aglycone)

0 70 (43) 40 (25)

Lycopene 0 8 3

Vitamin C 0 250 180

Vitamin E 0 250 30

Omega-3 EFA’s

(23% EPA:16% DHA)

0 660 660

Dose (quantity per day)

100 mL drink 1 1 1

Soft gel capsules 2 2 2
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of a fruit-based drink containing vitamin C, vitamin E, lycopene

and isoflavones and capsules containing omega-3 EFA. The respec-

tive doses are outlined in Table I.

Subjects were asked to consume one dose of the study treatment

per day for 14 weeks. Non-invasive skin measurements were taken

at baseline (T1) and week 15 (T15) along with blood samples, fol-

lowing a minimum 6-h fast, to assess plasma nutrient status. In

addition, 3-mm full thickness punch biopsies were taken at baseline

and at the end of the study to assess skin quality.

The Freiburger Ethik-Kommission International GmbH approved

the study and all subjects gave written and informed consent. All

the subjects were monitored for the occurrence of serious adverse

events up to, and including, 28 days after their involvement with

this study.

Study outcomes

The primary endpoint of the study was the measurement of wrinkle

depth around the crow’s foot area of the eye. This was assessed by:

(i) PRIMOS analysis of Silflo replicas taken according to manufac-

turer’s guidelines and (ii) high-quality photography (Fuji S2 Pro

Digital camera). In addition, skin firmness and elasticity (Courage &

Khazaka Cutometer� CM825), barrier function and skin hydration

(Dermalab� TEWL), skin colour (Konica Minolta Chromameter

CR300) and histological biopsy analyses (collagen and elastin) were

also measured.

Punch biopsies, at baseline (T1) and following 14 weeks inter-

vention (T15), were obtained and snap-frozen in liquid nitrogen

and stored at �70°C prior to analysis. The biopsies were defrosted

and fixed in 10% neutral-buffered formalin and embedded in paraf-

fin before being sectioned. Tissue was then stained with H&E and

evaluated by a blinded, independent histopathologist for scored,

qualitative changes in the quantity and quality of collagen and

elastin fibres.

Analysis of vitamin and carotenoid levels in blood samples was

performed by the Scottish Trace Element and Micronutrient Refer-

ence Laboratory at the Glasgow Royal Infirmary using standard

HPLC methods. Triglyceride and isoflavone analyses were carried

out at Unilever R&D Colworth using Fatty Acid Methyl Ester-Gas

Chromatography (FAME-GC) analysis and automated immunoassay

methods, respectively [42, 43].

Study products

Study drinks were prepared on behalf of Unilever at Crown Pack-

age Ltd, U.K. Drinks (100 mL units) were supplemented with the

required level of individual actives, except those used for the pla-

cebo group. The capsules were produced by EuroCaps Ltd. Active

capsules contained Omega-3 fish oil (Marinol C38; 23% EPA and

16% DHA) and placebo capsules contained sunflower oil (high

oleic). To preserve study blinding, all test and placebo products

were of similar appearance and were packaged and labelled in an

identical way.

Statistical analyses

Study data were analysed using analysis of covariance (ANCOVA)

with change from baseline after 14 weeks used as the response

variable and the treatment group as the fixed effect of interest.

Baseline, age and BMI were included in the model as covariates

and results considered significant if P < 0.05 (95% confidence

interval) as calculated using standard methodology for least-

squares means (LSMEAN) within SAS.

A per-protocol analysis set with extreme outliers excluded sepa-

rately for each parameter was defined prior to the treatment code

being broken. A log-transformation was applied to the raw data

and subsequently the change from baseline calculated for T15. This

was included in a general linear mixed model as the dependent

variable with the treatment as the three-level fixed effect of interest.

Fixed continuous covariate terms were included for log (baseline)

and the stratification variables age, BMI and time since menopause.

Estimates were obtained for the least-squares means for the depen-

dent variable for each treatment and also for the differences

between test group 1/test group 2 and placebo. P-values for the dif-

ferences were calculated and adjusted for multiplicity within each

model using a Dunnett’s correction. In a post-hoc analysis, the

interaction of treatment effect with the baseline wrinkle R3z scores,

measured by PRIMOS, was also analysed.

Clinical assessment of biopsies

Differences in the quantity and quality of collagen and elastin in

the skin of subjects receiving the placebo and test group 2 products

over 14 weeks were assessed visually. Analysis was performed

blinded from an independent histopathologist who documented

changes in the quantity (i.e. changes in the number of orderly

reticular collagen bundles and increases in branch-like elastin

fibrils) and quality (such as fibre expansion/regression of collagen

and arrangement/orientation of elastin fibrils seen above the capil-

lary plexus). Each panellist was scored for a decrease (�1), mainte-

nance (0) or increase (+1) in the level of collagen and/or elastin

over the study period. The significance was assessed using a Fish-

er’s exact test, to give an overall P-value.

Results

Subject characteristics

One-hundred and sixty six post-menopausal women were recruited

onto the study and were subsequently randomized into three equal

treatment arms (a study flow chart is outlined in Table II). Baseline

demographics for all treatment groups are indicated in Table III.

Dropout rates were low, with only three subjects lost to follow-up

and four withdrawn due to poor compliance or voluntary with-

drawal. A total of 159 subjects completed the study and no serious

adverse events were recorded.

Study compliance and uptake of functional ingredients

Compliance, as assessed by urinary isoflavone concentration at fort-

nightly intervals, was considered to be good throughout the study.

Mean urinary isoflavone levels, detected in 24-h urine samples,

were significantly higher in the test groups compared to placebo

for the duration of the study (P < 0.001). In addition, a difference

could be observed between the two active treatments at all time

points after baseline (P < 0.01), with subjects on test group 1

consistently demonstrating higher excretion of both daidzein and

genistein (Fig. 1).

The plasma levels of all active ingredients measured are also

detailed in Table IV. Data show that all active ingredients were

effectively absorbed into the bloodstream and again indicate that

compliance was good throughout the study.

24 © 2013 Unilever UK Central Resources Limited
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Non-invasive skin measures

Wrinkle replica analysis

At the end of the study, silflo replicas collected of the crow’s foot

area of both sides of the face were analysed using standard Phase-

shift Rapid In-vivo Measurement Of Skin (PRIMOS) optical 3D

technology [44]. Data were generated for a number of roughness

parameters appropriate to the 3D profile characterization of the

skin [45, 46] as summarized in a means plot analysis (Fig. 2).

Statistically significant changes were observed over 14 weeks in

several of the parameters, indicating that the test groups generally

experienced a reduced severity of skin roughness compared with

the placebo group over the same period. In particular, the change

in R3z value over 14 weeks in both test groups was significantly

reduced compared with placebo (Fig. 3). This parameter is consid-

ered to be one of the primary indicators of wrinkle depth [47], and

the changes observed support a significant reduction in average

wrinkle depth in both test groups compared with placebo.

The mean treatment effect on R3z value for both test groups

was also examined, and this analysis showed a statistically signifi-

cant effect (P < 0.05) of both groups when compared with placebo

(Fig. 4). Furthermore, in a post-hoc analysis, the interaction effect

of treatment and baseline R3z was also assessed. As seen in Fig. 5,

the gradients of the best-fit lines are distinct and separate to the

Table II Study flow chart

Assessed for 
eligibility/ 

Randomised 
(n = 166).

Allocated to 
Test Group 1.

High dose
(n = 55).

Allocated to 
Placebo group

(n = 56).

Allocated to 
Test Group 2.

Low dose
(n = 55).

Followed up
(n = 56).

Primary & secondary 
outcomes measured at 

weeks 9 & 15.

Followed up
(n = 55).

Primary & secondary 
outcomes measured at 

weeks 9 & 15.

Followed up
(n = 55).

Primary & secondary 
outcomes measured at 

weeks 9 & 15.

Withdrawn
(n = 1).

Withdrawn
(n = 2).

(n = 2).
Lost to follow up

Withdrawn
(n = 1).

Lost to follow up
(n = 1).

Completed trial
(n = 55).

Completed trial
(n = 51).

Completed trial
(n = 53).

Table III Mean subject demographics at screening (range)

Placebo group Test group 1 Test group 2 P-value

No. of subjects: 56 55 55

Age (years) 61 (45–71) 61 (49–71) 61 (48–70) N.S

Years

post-menopausal

13 (2–19) 12 (2–34) 13 (3–30) N.S

BMI 27 (18–33) 27 (19–33) 27 (19–33) N.S
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greatest extent at higher baseline R3z values, with the relationship

being clearly significant for test group 2 (P = 0.01). This interac-

tion highlights that treatment with the active ingredients had a

stronger effect on deeper wrinkles.

Firmness & elasticity

Skin elasticity was measured using a Courage & Khazaka Cutome-

ter (probe aperture size 8 mm) at baseline and week 15 on the

inner & outer forearm. However, there was no statistical difference

from baseline or between placebo and test treatment at any time

point in any of the parameters measured (data not shown).

Barrier function & skin hydration

Transepidermal water loss (TEWL) and hydration were also

measured at baseline and after 14 weeks of intervention. There

was a significant increase from baseline in TEWL with all treat-

ments and at both test sites (Fig. 6a). This was not unexpected as

seasonal differences in skin barrier integrity have previously been
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Figure 1 Analysis of Urinary Isoflavones (mean + standard deviation).

(a) ng/ml urinary daidzein (b) ng/ml urinary genistein. Significance tested

with students t-test and considered significant if P < 0.05 (95% confidence

interval).

Table IV Mean ingredient plasma levels (standard deviation)

Mean plasma levels Placebo group Test group 1 Test group 2

Vitamin C (lM)

T1 55.07 (15.66) 59.50 (16.8) 56.85 (17.8)

T9 52.80 (15.05) 74.64 (19.54)*,† 72.37 (13.93)*,†

T15 55.00 (13.22) 72.30 (17.06)*,† 72.46 (14.56)*,†

Vitamin E (lM)

T1 34.44 (7.45) 34.60 (9) 38.50 (10)†,‡

T9 34.85 (7.28) 50.10 (14)*,† 46.90 (13)*,†

T15 36.30 (7.58) 50.90 (13)*,† 47.20 (11)*,†

Lycopene (lg L�1)

T1 114.94 (65.76) 108.71 (77) 124.00 (75)

T9 120.50 (74.09) 234.70 (104)*,†,‡ 179.20 (70)*,†,‡

T15 100.87 (61.00) 254.40 (103)*,†,‡ 201.4 (75)*,†,‡

Plasma EPA (lg mL�1)

T1 43.37 (26.11) 42.91 (28.59) 44.40 (41.2)

T15 42.98 (21.36) 67.32 (26.45)*,† 71.09 (28.28)*,†

Plasma DHA (lg mL�1)

T1 80.20 (26.86) 76.25 (29.37) 80.36 (23.69)

T15 82.69 (25.10) 97.54 (31.18)*,† 103.56 (33.36)*,†

*Significant difference from baseline (T1): P < 0.05.
†Significant difference from placebo (within time point): P < 0.05.
‡Significant difference from other active treatment (within time point): P < 0.05.

Figure 2 Means plot + Standard Error of the Mean (SEM). PRIMOS analysis

generates quantitative data for several parameters with relation to the 3D

profile of the skin including Ra, Rz, Rq, R3Max, R3z, Rp, Wt and Rc.

Placebo (PL), Test group 1 (T1) and Test group 2 (T2).
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Figure 3 Mean Replica R3z values, expressed as change from baseline (CFB

T15-T1). Values are mean � standard deviation. Placebo (grey), Test group

1 (white), Test group 2 (black). Significance is displayed vs. placebo using

ANOVA (** P < 0.01; *** P < 0.005).
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documented [48]. However, no significant difference was observed

between test and placebo. Similarly, hydration also increased from

baseline with all treatments and at both sites measured, but no sta-

tistical significance was observed between test and placebo

(Fig. 6b).

Skin colour

The Minolta Chromameter allows for the objective determination of

skin colour using the tristimulus L a* b* system, and increases in
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Figure 4 Mean treatment effect on R3z value. (a) Test group1 vs. Placebo (*P < 0.05). (b) Test group2 vs. Placebo (*P < 0.05).
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Figure 5 Best fit lines of treatment-baseline interaction on R3z. (a) Test group1 vs. Placebo (P = 0.057). (b) Test group2 vs. Placebo (P = 0.01).
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Figure 6 (a) Change from baseline - TEWL results. Results are displayed as

mean change from baseline � 95% confidence interval (b) Change from

baseline – Corneometer results (Hydration). Results are displayed as mean

change from baseline � 95% confidence interval.

Figure 7 Minolta chromameter b* values expressed as change from base-

line (T15-T1). Values are mean CFB and 95% confidence interval. Statistical

significance (**) is displayed vs. placebo using ANOVA (palm & lower back).
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b* values are commonly associated with the accumulation of carot-

enoids in the skin [49]. Measurements were taken at baseline and

after 14 weeks of intervention, and higher b* values were observed

in test groups, particularly within areas of the skin with high levels

of subcutaneous fat (such as the palm and lower back) (Fig. 7).

This data strongly indicates an accumulation of dermal carotenoids

in the skin following 14 weeks of intervention [50].

There was no evidence of a significant treatment effect at any

site for L and a* values (skin lightness and blood flow, respec-

tively).

Biopsy analysis

Following evaluation from an independent histopathologist, a sig-

nificant number of individuals in test group 2 demonstrated an

increase in collagen quantity and quality in biopsies after 14 weeks

compared with those on the placebo treatment when examined by

Fisher’s exact test (Fig. 8). Given the high number of individuals

recruited into each cell and the time-consuming nature of the

histological evaluation, biopsies from individuals on test group 1

treatment were not analysed for changes in collagen levels. No sig-

nificant differences were observed in elastin quantity and/or quality

between control and test group 2.

Digital photography

High-quality photography was taken at the beginning (T0) and

end of the study (T15). Examples of subjects are shown in Fig. 9.

Discussion

The purpose of this study was to establish that a unique combina-

tion of ingredients given through the diet would have a significant

benefit on skin wrinkle formation in a population of post-meno-

pausal Caucasian women. We have shown that a combination of

isoflavones, omega-3 fatty acids, lycopene, vitamin C and vitamin E

when consumed orally for 14 weeks can significantly reduce the

depth of facial wrinkles. We have also demonstrated, for the first

t1 t15

Subject 3 (Placebo)

Subject 1 (Test 2)

Subject 70 (Test 2)

50 uM

Figure 8 Examples of H&E staining in three individuals. Table summarises an independent evaluation from a blinded histopathologist. Test group 2 shows a

statistically significant increase in quality and/or quantity of collagen after 14 weeks (P = 0.0259).
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time with an oral product, that the improvement is associated with

increased deposition of new collagen fibres.

We have performed a double-blind randomized controlled investi-

gation to assess whether a combination of dietary ingredients,

selected for their proposed skin anti-ageing benefits, can signifi-

cantly improve the appearance of facial wrinkles. The study was

conducted following the principles of international good clinical

practice standards, with products coded and randomized at source

and with subjects, investigators and statistician remaining ‘blind’ to

the coding until the study and initial data analysis were complete.

We observed no benefit of the test or placebo products on skin col-

our, hydration or barrier quality. However, we did demonstrate that

individuals consuming the active test products showed significantly

improved skin texture and reduced wrinkle depth when compared

with the placebo group. On average, there was a 10% reduction in

wrinkle depth in the test group when compared with placebo.

Interestingly, we also demonstrated a baseline interaction effect

with regard to wrinkle depth and response to treatment, that is,

the deeper the wrinkle the greater the reduction in depth after

14 weeks. This potentially highlights the mechanistic action of the

treatment. The smaller wrinkles as measured by PRIMOS technol-

ogy are most likely a result of surface changes in the upper epider-

mal layers, whilst deeper wrinkles are potentially caused by

alterations in the deeper dermal layer of skin. Any nutritional

intervention therefore, taken orally is likely to have a greater effect

on this latter type of wrinkle, so individuals with deeper wrinkles

will experience the greatest benefit.

Interest in the role of specific food ingredients on promoting

optimal skin condition has grown considerably in the past few

years, with new insights into the relationship between food

intake and skin health beginning to emerge. There are now com-

prehensive clinical data demonstrating the photoprotective bene-

fits of dietary carotenoids [51, 52] vitamins E & C [13, 14] and

fish oil (containing EPA and DHA) [27, 28]. Furthermore, recent

studies have indicated that oral intake of soy isoflavone agly-

cones appears to improve the aged skin of middle-aged women

[53–55].
In addition, we examined the distribution of collagen in skin

samples taken at the beginning and end of the study. Collagen is

the main structural protein of the skin, and the abrupt onset of vis-

ible skin ageing around the menopause is primarily the conse-

quence of a lower production of collagen, the supportive protein

network of the skin [56–58].
We found that a significantly higher number of individuals con-

suming the test product (test group 2) showed increased levels of

collagen in skin biopsies after 14 weeks, than those who consumed

placebo products. To our knowledge, this is the first published

report of increased collagen production in skin as a result of an

oral intervention.

A reduction in the level of collagen synthesis and general decline

in the quality of existing collagen has been reported to contribute

greatly to the increase in wrinkles and loss of firmness associated

with ageing skin [59]. To obtain real wrinkle reduction effects

therefore, matrix rejuvenation would be needed. The increase in

collagen observed provides a potentially underlying reason for the

reduction in wrinkle depth demonstrated in the study.

The ability of the ingredients described here to induce skin colla-

gen is further supported by evidence from previously published

studies. Cultured human fibroblasts in vitro treated with an isoflav-

one soy-containing extract demonstrated an increased level of col-

lagen synthesis [60], whilst mice fed dietary soy isoflavones also

showed increased deposition of collagen in their skin [61]. In addi-

tion, there are numerous reports of omega-3 fatty acids influencing

collagen production in ligaments and connective tissue cells [62,

63]. Furthermore, addition of omega-3 fatty acids to mouse 3T3

cells in vitro has also been shown to be associated with enhanced

collagen synthesis [64]. More recently, increased levels of collagen

were also detected in human skin following topical application of

omega-3 fatty acids [65].

Surprisingly, in this investigation, we were unable to detect any

significant changes between the quantity and quality of elastin

fibres between test and placebo groups. In fact, detailed histological

evaluation revealed that the papillary microfibril scaffolds of elastin

were already well organized and uniform in distribution and excel-

lent in condition. These histological observations may provide fur-

ther support to the lack of beneficial effects we observed between

test and placebo firmness and elasticity measurements.

t1 t15
(a)

(b)

(c)

Figure 9 Examples of high quality digital photography with a Fuji S2 Pro

Digital camera and two Nikon flashes (SB80DX) in three individuals from

test group 2.
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In conclusion, we believe that the combination of ingredients,

rather than the level of each individual active, is the most important

aspect for the overall functionality of the mix and that this study

demonstrates that consumption of these specific nutritional ingredi-

ents is able to induce a clinically measureable improvement in the

depth of facial wrinkles following long-term use. This improvement

is associated with increased deposition of newly formed collagen in

the dermis of panellists consuming the active combination.
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