
Study Design
•  Participants were randomly assigned to two groups and given a single 
dose       (250 mg) of curcumin in liposomal or standard form.
•   Blood was taken at baseline (B0) and 120 (T1), 240 (T2), and 360 (T3) 
minutes         after administration and measured for plasma curcuminoid 
levels.

Participants  
•   Twenty metabolically healthy adults between 20 and 50 years of age were     
     enrolled in the study.
Active Substances
•  The liposomal group received PlantaCorp GmbH liposomal Curcumin.
• The standard group received GN Laboratories non-liposomal Curcumin.
Statistical Analysis 
•   Area under the curve from baseline to six hours (AUC0-t) was calculated using    
     the trapezoidal rule. 
•  Oral bioavailability value (OBV) was determined as liposomal AUC0-t 
/standard        AUC0-t.
•   A two-way ANOVA was performed to determine the di�erence between 
groups       in mean plasma curcuminoid levels at B0, T1, T2, and T3. Signi�cant 
di�erences          were found using Bonferonni’s simple main e�ects model. 
• A one-way repeated measures ANOVA with Tukey’s pairwise comparisons 
was         used to determine the within group changes in mean plasma 
curcuminoid      levels from B0 to T3 in both the liposomal and the standard 

•   In the liposomal group, Cmax was 32.75 µg/L and was reached at 240 minutes   
     with an AUC0-t of 161.44 µg*hr/L. In the standard group, Cmax was 0.86 µg/L and   
     was reached at 240 minutes with an AUC0-t of 3.45 µg*hr/L. The resulting OBV   
    was 46.79 (Table 1).
•   There was a statistically signi�cant interaction between the treatment and 
time        of blood draw on the plasma curcuminoid levels, F(3,72) =25.391, p=0.000.
•   Simple main e�ects analysis showed that the liposomal group had 
signi�cantly        higher levels of plasma curcuminoid levels at T1 (p=0.000), T2 
(p=0.000), and         T3 (p=0.000) when compared to the standard group (Table 

•   Within group analysis showed signi�cant increases over time in the 
liposomal        group. F(3,7)=22.38, p=0.001. Tukey’s comparison of means 
test revealed a        signi�cant increase in plasma curcuminoid levels from, 
B0-T1 (p=0.000), B0-T2         (p=0.000), and B0-T3  (p=0.000) (Table 3). 
•   There were no signi�cant increases over time in the standard group 
     F(3,7)=2.10, p=0.188. The comparisons of means results are not presented.
•   The change over time in both groups is illustrated in Figure 1.

BIOAVAILABILITY OF 
LIPOSOMAL CURCUMIN
OBJECTIVE

METHODS

RESULTS

To evaluate the bioavailability of a liposomal curcumin 
supplement (liposomal) compared to a non-liposomal 
curcumin supplement (standard).

CONCLUSIONS

The AUC for the liposomal supplement was greater than that of the standard 
formulation resulting in an oral bioavailability value of 46.79. The liposomal 
curcumin supplement signi�cantly raised plasma curcuminoid levels from 
baseline after 120, 240, and 360 minutes when compared to a standard curcumin 
supplement.

Within group analysis showed that the liposomal supplement was able to 
maintain plasma curcuminoid levels signi�cantly higher than baseline for the 
full six hours of testing. These results suggests that liposomal curcumin is more 
bioavailable than standard curcumin supplements.

Table 1. Pharmacokinetic Parameters

Cmax (µg/L) 32.75 0.86

Tmax (minutes) 240 240

AUC0-t(µg*hr/L) 161.44 3.45

OBV 46.79

Liposomal Standard

Table 2. Between-Group Change in Mean Plasma Curcuminoid Levelsa

B0 0.08 (2.20) 0.02 (3.12)

31.93 (3.12)

31.90 (3.12)

30.31 (3.12)

0.10 (2.20)

32.41 (2.20)

32.76 (2.20)

31.00 (2.20)

0.995

T1 0.48 (2.20)

0.86 (2.20)

0.69 (2.20)

T2

T3

Liposomalbcd Standardbcd Di�erence of 
MeansbcdTime Point P-Value

0.000*

0.000*

0.000*
a Data analyzed using two-way ANOVA with Bonferroni Simple Main E�ects, bn=10, cMean(SE), dUnit µg/L
* P-Value <0.05 is statistically signi�cantTable 3. Within-Group Change in Mean Plasma Curcuminoid Levels in Liposomal Groupa

0.000*

0.000*

0.000*

0.353

0.093

0.068

P-Value

T1-B0 24.23, 40.39

24.31, 41.00

32.31 (3.57)

32.66 (3.69)

30.90 (3.38)

0.35 (0.36)

-1.41 (0.75)

-1.76 (0.75)

T2-B0

23.24, 38.56

-0.46, 1.16

-3.11, -0.29

-3.68, -0.16

T3-B0

T2-T1

T3-T1

T3-T2

Di�erence of MeansbcdTime Point 95% Con�dence Interval

a Data analyzed using one-way repeated measures ANOVA with Tukey’s pairwise comparisons, bn=10, 
cMean (SE), dUnit µg/L
* P-Value <0.05 is statistically signi�cant
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Figure 1. Plasma Curcuminoid Levels Over Time
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* Indicates a signi�cant di�erence between groups (p<0.05)



Study Design
•   Participants were randomly assigned to two groups and 
administered      reduced glutathione in liposomal or standard 
form daily for seven         days. Blood was taken at baseline 
(B0), before administration on        day three (T1), and after 
administration on day seven (T2).

Participants  
•  Twenty metabolically healthy adults between 20 and 50 years of   
    age were enrolled in the study.
Plasma Analysis
•  Samples were assessed for plasma glutathione (GSH) levels 
using      liquid chromatography and mass spectrometry (LC/MS).
Active Substance and Dose
•  The liposomal group received 500 mg of PlantaCorp GmbH 
liposomal       GSH product.
•  The standard group received 500 mg of a non-liposomal GSH 
supplement.
Statistical Analysis 
•  A two-way ANOVA with Tukey’s comparison of means was 
performed    to determine the difference between groups in 
mean GSH levels at       each time point.
•  A one-way repeated measures ANOVA with Tukey’s pairwise 
comparisons     was used to determine the within group changes in 
plasma GSH levels.

• There was a statistically signi�cant interaction between the 
treatment           and time of blood draw on plasma GSH levels, 
F(2,53)=19.01, p=0.000,     R2=73.27%. The liposomal group had 
signi�cantly higher levels of             plasma GSH levels at T1 
(p=0.003) and T2 (p=0.000) when compared       to the standard 
group (Table 1).
•  These data are illustrated in Figure 1.

•  There was a statistically signi�cant e�ect of time on plasma GSH 
   levels in the liposomal group F(2,26)=23.88, p=0.000, R2=64.75%.    
    Post hoc tests revealed a signi�cant increase in plasma GSH levels     
    from B0-T1 (p=0.045) and B0-T2 (p=0.000) and from T1-T2 (p=0.001) 
    in the liposomal group (Table 2).
•  No signi�cant increases over time were observed in the 

BIOAVAILABILITY OF 
LIPOSOMAL GLUTATHIONE
OBJECTIVE

METHODS

RESULTS

To evaluate the absorption of a liposomal glutathione 
supplement (liposomal) compared to a non-liposomal 
glutathione supplement (standard) after seven days of 

CONCLUSIONS

Liposomal glutathione signi�cantly raised plasma GSH levels when 
compared to a standard glutathione supplement on day three and day 
seven of repeated administration. Liposomal glutathione also raised 
plasma GSH levels consistently throughout the week, while no changes in 
plasma GSH levels were observed in the standard group.

This study shows that liposomes are able to e�ectively deliver glutathione 
intact to the bloodstream after repeated supplementation, potentially 
increasing its e�ectiveness as a dietary supplement.

Table 1. Between-Group Change in Mean Plasma GSH Levelsa 

B0 2.93 (0.09) -0.38 (0.49)

-1.98 (0.50)

-4.60 (0.49)

2.55 (0.23)

2.58 (0.23)

2.61 (0.19)

0.970

T1 4.56 (0.28)

7.21 (0.70)T2

LiposomalbcdStandardbcd Di�erence of 
MeanscTime Point P-Value

0.003*

0.000*

a Data analyzed using two-way ANOVA with Tukey Comparison of Means, b n=10, c Mean (SE), d Unit µmol/L
* P-Value <0.05 is statistically signi�cant

Table 2. Change in Plasma GSH Levels Over Time in Liposomal Groupa

B0-T1 0.03, 3.221.63 (0.64)

2.65 (0.64)

4.28 (0.63)

0.045*

T1-T2 1.06, 4.25

2.73, 5.83B0-T2

Time Point

0.001*

0.000*

a Analyzed using Repeated Measures ANOVA with Tukey’s pairwise comparisons
b Mean (SE), c Unit µmol/L * P-Value <0.05 is statistically signi�cant

Figure 1. Between-Group Change in Mean Plasma GSH Levels

* Indicates a signi�cant di�erence between groups (p<0.05)
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Study Design
•  Participants were randomly assigned to two groups and given a single dose (1,000 
mg)      of vitamin C  in liposomal or standard form
•  Blood was taken at baseline (B0) and 60 (T1), 180 (T2), and 360 (T3) 
minutes      and tested for plasma ascorbic acid (AA) levels.

Participants
•   Twenty metabolically healthy adults between 20 and 50 years of age were     
    enrolled in the study.
Active Substances
•  The liposomal group received PlantaCorp GmbH liposomal vitamin C 
product.
• The standard group received one tablet of Amazon Elements 
non-liposomal        vitamin C product.
Statistical Analysis
•   Area under the curve from baseline to six hours (AUC0-t) was calculated using  
    the trapezoidal rule.  
•  Oral bioavailability value (OBV) was determined as liposomal AUC0-t/standard 
AUC0-t.
•   Mean change in plasma AA between groups was analyzed using a two-way 
ANOVA       with Tukey’s comparison of means. 
•   Within group change in mean plasma AA was measured using a repeated 
measures        ANOVA with Tukey’s comparisons of means. 

•  In the liposomal group, Cmax was 2.20 mg/dL and was reached at 360 minutes with   
     an AUC0-t of 8.02 mg*hr/dL.  In the standard group, Cmax was 0.83 mg/dL  and was     
     reached at 60 minutes with an AUC0-t of 4.69 mg*hr/dL. The resulting OBV was 1.71

    (Table 1).
•   There was a statistically signi�cant interaction between the treatment and time      
     of blood draw on the plasma AA levels, F(3,71)=11.28, p=0.000. Tukey’s 
comparison              of means showed that the liposomal group had 
signi�cantly higher levels of           plasma AA levels at T2 (p=0.000) and T3 

•    There was a statistically signi�cant e�ect of time on plasma AA levels in the    
     liposomal group only, F(3,36)=16.94, p=0.000. Tukey’s comparison of means   
     revealed a signi�cant increase in plasma AA levels from, B0-T2 (p=0.000), B0-T3   
    (p=0.000), T1-T2 (p=0.046), and T1-T3 (p=0.002) (Table 3).
•   No changes in mean AA level in standard group were observed, 
F(3,35)=1.84, 
      p=0.158. These data are not presented. 

BIOAVAILABILITY OF 
LIPOSOMAL VITAMIN C
OBJECTIVE

METHODS

RESULTS

To evaluate the bioavailability of a liposomal vitamin C 
supplement (liposomal) compared to a non-liposomal vitamin 
C supplement (standard).

CONCLUSIONS

The AUC for the liposomal supplement was greater than that of the standard 
formulation resulting in an oral bioavailability value of 1.71. The liposomal 
vitamin C supplement signi�cantly raised plasma AA levels 180 and 360 minutes 
after supplementation when compared to a standard vitamin C supplement.  

The liposomal supplement signi�cantly increased plasma AA from baseline 
while the standard group failed to do so. This suggests that liposomal vitamin C 
is more bioavailable than standard vitamin C supplements.

Table 1. Pharmacokinetic Parameters

Cmax (mg/dL) 2.20 0.83

Tmax (minutes) 360.00 60.00

AUC0-t(mg*hr/dL) 8.02 4.69

OBV 1.71

Liposomal Standard

Table 2. Between-Group Change in Mean Plasma AA Levelsa

B0 0.59 (0.07) 0.02 (0.19)

0.41 (0.19)

1.08 (0.19)

1.48 (0.20)

0.61 (0.08)

1.24 (0.20)

1.90 (0.17)

2.20 (0.21)

1.000

T1 0.83 (0.10)

0.82 (0.09)

0.73 (0.07)

T2

T3

Liposomalbcd Standardbcd Di�erence of 
MeansbcdTime Point P-Value

0.416

0.000*

0.000*
a Data analyzed using two-way ANOVA with Tukey Comparison of Means, bn=10, cMean(SE), dUnit mg/dL
* P-Value <0.05 is statistically signi�cant

* Indicates a signi�cant di�erence between groups (p<0.05)

Table 3. Within-Group Change in Mean Plasma AA Levels in Liposomal Groupa

T1-B0 -0.03, 1.28

0.63, 1.95

0.067

0.000*

0.000*

0.046*

0.002*

0.613

0.63 (0.24)

1.29 (0.24)

1.59 (0.24)

0.67 (0.24)

0.97 (0.24)

0.30 (0.24)

T2-B0

0.93, 2.25

0.01, 1.32

0.31, 1.62

-0.36, 0.96

T3-B0

T2-T1

T3-T1

T3-T2

Di�erence of MeansbcdTime Point P-Value95% Con�dence Interval

a Analyzed using Repeated Measures ANOVA with Tukey’s pairwise comparisons, bMean (SE), cUnit mg/dL
* P-Value <0.05 is statistically signi�cant
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Figure 1. Plasma AA Levels  Over Time
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Figure 1. Plasma Curcuminoid Levels Over Time
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* Indicates a signi�cant di�erence between groups (p<0.05)



* Indicates a signi�cant di�erence between groups (p<0.05)
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Figure 1. Plasma AA Levels  Over Time
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Figure 1. Between-Group Change in Mean Plasma GSH Levels

* Indicates a signi�cant di�erence between groups (p<0.05)
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