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Background: Vitamin D (Vit D) deficiency (VDD), associated with diverse health

conditions, is commonly treated with Vit D3 supplements. However, the

gastrointestinal (GI) absorption of Vit D3 in di�erent formulations has not been

well studied.

Objective: We aimed to compare the absorption of an innovative phospholipids-

sucrester matrix biodelivery vehicle-based (sucrosomial®) orodispersible Vit D3

preparation against a reference chewable tablet and soft gel capsule (SGC) Vit D3

formulations in Vit D-deficient healthy adults.

Methods: In study 1, 25 subjects were randomized to receive a weekly single dose

of 200,000 IU of sucrosomial® Vit D3 (n = 12) or chewable tablet Vit D3 (n = 13)

for 3 weeks. In study 2, 20 subjects were randomized to receive a single dose of
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200,000 IU every other week of sucrosomial® Vit D3 (n= 10) or SGC Vit D3 (n= 10)

for 6 weeks. Circulatory 25-hydroxyvitamin D3 [25(OH)D] levels were reassessed

after 2, 3, and 6 weeks in study 1 and after 4 and 6 weeks in study 2.

Results: In study 1, after 2weeks, circulatory 25(OH)D levels increased significantly

in both Vit D3 treatment groups (p < 0.0001) but improved markedly in the

sucrosomial® Vit D3 group, with no further considerable change after 3 and

6 weeks in both groups. Overall, at all three follow-ups, sucrosomial® Vit D3

treatment achieved significantly higher and sustained 25(OH)D levels (p < 0.001).

In study 2, after 4 weeks, both Vit D3 treatment groups showed significant

improvement in circulatory 25(OH)D levels (p < 0.0001) but substantially higher

in the sucrosomial® group with statistically significant di�erences between the

two treatment groups (p = 0.02). At the 6-week follow-up, only subjects in the

sucrosomial® Vit D3 group showed a further increase in circulatory 25(OH)D

levels (p = 0.049), but no further significant changes in the levels of the SGC

Vit D3 group (p = 0.062), showing a statistically significant di�erence between

the two treatment groups (p = 0.002). The Vit D3 treatment was well tolerated

by all participants, and no treatment-emergent e�ects or serious adverse events

were reported.

Conclusion: Our results suggest that the sucrosomial® Vit D3 preparation absorbs

e�ciently in the GI system, achieving adequately higher and sustained circulatory

Vit D levels in VDD, and thus can e�ectively contribute to the body protection

against VDD-associated health conditions.

Clinical trial registration: clinicaltrials.gov, identifier: NCT05706259.

KEYWORDS

vitamin D deficiency, vitamin D3 supplementation, sucrosomial® vitamin D3,

orodispersible vitamin D3, vitamin D3 absorption

1. Introduction

Vitamin D (Vit D) is a steroid hormone that has a well-

known physiological role in calcium homeostasis required for the

growth and maintenance of healthy bones. Vit D absorbs calcium,

magnesium, and phosphate from the gut into the circulatory

system. A schematic representation of circulatory Vit D and its

biological roles is shown in Figure 1. Most of the bioavailable Vit

D is produced in the skin as Vit D3 (Cholecalciferol) from 7-

dehydrocholesterol in response to sunlight exposure, and a small

amount (∼ 10%) is also absorbed from a healthy and balanced

diet, both in D3 and D2 (ergocalciferol) forms. Further metabolism

of Vit D to its major circulating form, 25-hydroxyvitamin D or

25(OH)D (calcidiol), and biologically active hormonal form, 1,25

dihydroxyvitamin D or 1,25(OH)2D (calcitriol), take place in the

liver and kidney, respectively, but also in other tissues where

1,25(OH)2D produced serves as paracrine/autocrine function such

as the skin, cells of the immune system, parathyroid gland,

intestinal epithelium, prostate, breast, brain, colon, and pancreas.

Dietary Vit D comes in both D2 and D3 forms, but they

are metabolized to the same active form of Vit D the body

needs, i.e. calcitriol. Vit D receptors are ubiquitously present

in the body (1) and thus play a plethora of physiological roles

(Figure 1). For instance, Vit D deficiency (VDD), defined as

circulatory 25(OH)D levels < 20 ng/ml, is not only linked with

rickets or osteomalacia or osteoporosis but also with the risk

of cardiovascular diseases, autoimmune diseases (such as type 1

diabetes, rheumatoid arthritis, inflammatory bowel disease, and

multiple sclerosis), impaired mental health conditions (such as

depression, anxiety, and Parkinson’s disease), tuberculosis, and

cancer (breast cancer and colon cancer) (2). Vit D has also shown

protective effects against respiratory tract infections (3–5), and

there is emerging evidence of a possible association between VDD

and progression to severe illness and mortality in patients with

COVID-19 (6). In recent years, the role of Vit D in immune and

inflammatory responses has been extensively studied. Reported

evidence suggests Vit D as an endogenous regulator of both

innate and adaptive immunity (3–5, 7–11). Circulatory Vit D levels

affect the proliferation and differentiation of immune cells, and its

deficiency results in impaired immune response and increases the

risk of developing immune-related diseases.

The lack of exposure to sunlight, inadequate nutritional intake,

malabsorption syndrome, and increased skin pigmentation have

been identified as the main reasons for VDD (12). Vit D deficiency

is a common metabolic/endocrine abnormality and a global public

health problem. Approximately, over one billion people worldwide

are Vit D deficient, and the deficiency is frequently undiagnosed.

The prevalence of VDD in Europe, USA, and the Middle East

ranges from 20 to 90% (13, 14), with similar trends also reported in

Australia, India, Africa, South America, Turkey, and Lebanon (13–

16). In South Asia, Pakistan has the highest rate of VDD of 53.5%,

mostly in its female population (63%) (17).
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FIGURE 1

Schematic representation of circulatory Vit D and its physiological roles in the body.

Sunlight exposure and dietary intake alone are insufficient

to maintain optimal circulatory Vit D levels (30–50 ng/ml)

required for physiological functions (13, 18). To achieve and

maintain adequate circulatory Vit D levels, over-the-counter Vit D

supplements are often consumed, which can be taken daily, weekly,

or monthly. Currently, there is no international consensus on the

optimal dose of Vit D supplementation. Dosage recommendations

vary across countries, ranging from 400 to 2000 IU Vit D per

day (10–50 µg). Supplemental Vit D3 form is generally preferred

because it appears to be more efficacious in raising circulatory

25(OH)D concentrations than the D2 form. Vit D3 supplement is

usually administered orally and produced in various forms, such

as oral drops, tablets, soft gel capsules (SGC), and injectable oily

solutions. However, despite the widespread consumption of Vit D

supplements for treating VDD, the absorption (and hence efficacy)

of different Vit D formulations has not been well studied (19).

Vit D, being a fat-soluble vitamin, is immiscible in the aqueous

gut environment which presents challenges to its absorption. Its

absorption in the intestinal mucosa is highly dependent on its

food/delivery matrix dissolution in the gastrointestinal (GI) fluid

(20–27) (stomach juices, liver bile, liver, and pancreatic secretions)

and the integrity of the intestinal wall. The absorption is further

limited bymultiple factors including the physiochemical state of Vit

D3 food/delivery matrix, Vit D interaction with other compounds

in the food such as cholesterol, fatty acids, and dietary fibers, and

factors associated with humans such as malabsorption syndrome,

other chronic diseases, age, medication use, surgery, obesity,

and genetic variation (28). To overcome these negative factors

and intestinal barriers, the development of more bio-accessible

delivery vehicles can enhance absorption and achieve adequately

higher Vit D levels in the circulatory system for physiological

roles.

The present study aimed to assess the GI absorption (hence

efficacy) of a high-dose (200,000 IU) supplementation of an

innovative oral phospholipids-sucrester matrix delivery vehicle-

based, also known as sucrosomial R© (29) orodispersible Vit D3

formulation vs. a reference marketed chewable tablet and soft

gel capsule (SGC) Vit D3 formulation in raising circulatory

25(OH)D levels, as well as safety, and tolerability in Vit D deficient

but otherwise healthy adults. It is anticipated that the unique

structural, physiochemical, and pharmacokinetic characteristics

of the sucrosomial R© Vit D3 preparation could offer several

advantages over the conventional oral Vit D3 formulations

such as stability in the GI tract, efficient intestinal absorption,

increased Vit D3 bioavailability, and improved patient compliance,

particularly in pediatric and geriatric patients, and those with

malabsorption syndrome.

2. Materials and methods

2.1. Study design and participants

This was a prospective, parallel group, open-label, randomized

clinical study conducted at Bolan Medical Complex Hospital

(BMCH), Quetta, and Lady Reading Hospital (LRH), Peshawar,

Pakistan, from 1 February 2023 to 8 April 2023. This exploratory

study assessed the absorption of a new phospholipids-sucrester

matrix delivery vehicle-based (sucrosomial R©) orodispersible Vit

D3 (Surosomial R© UltraD3 Cholecalciferol 100,000 IU, Alesco
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srl, Pisa, Italy, patent number WO 2021/111404) supplement

compared to a randomly selected reference (local market) chewable

tablet (Admore
R©
, Biolex, Cholecalciferol 100,000 IU, Pharma, PK)

(study 1, BMCH) and SGC (Opt-D
R©
, Cholecalciferol 200,000

IU, PharmEvo, PK) (study 2, LRH) Vit D3 supplements in

healthy adults with VDD. The study was approved by the

BMCH Ethical Board Committee (Ref. No. BMCH/EBC/5500)

and LRH Institutional Review Board (Ref. No. 696/LRH/MTI)

and was conducted in accordance with the guidelines of the

Declaration of Helsinki and Good Clinical Practice. All participants

provided informed written consent. The study was registered on

clinicaltrials.gov, identifier number NCT05706259.

Inclusion criteria for the study were as follows: healthy male

and female adults aged 18–45 years; VDD as shown by serum

25(OH)D levels < 20 ng/ml; body mass index (BMI) 18.9–29.9

kg/m2; vital signs (systolic blood pressure 100–139mmHg, diastolic

blood pressure 50–89 mmHg, and heart rate 50–90 bpm measured

after 5min at rest in the sitting position); willing to provide

informed written consent; and able to cooperate with investigators

and comply with study requirements.

Exclusion criteria were as follows: clinically significant

abnormal laboratory parameters including hematology, calcium,

liver enzymes, creatinine, ferritin, C-reactive protein (CRP), and

D-dimer, indicative of physical illness, especially hypercalcemia

and hypercalciuria; hypersensitivity to Vit D supplements; history

of renal, hepatic, gastrointestinal, cardiovascular, respiratory, skin,

hematological, endocrine, or neurological diseases; prior use of

supplements containing calcium, Vit D, or magnesium, 4 weeks

before the start of the study; participation in the evaluation of any

investigational product or blood donation in the past 3 months; or

any other significant disease or disorder that in the opinion of the

treating physician may either put the participant at risk because of

participation in the study or influence the results of the study or the

participant’s ability to participate in the study.

2.2. Subjects’ enrolment, randomization,
and Vit D3 treatment

The trial CONSORT flow diagram is shown in Figure 2.

In study 1 (BMCH), subjects were randomly screened in the

community for VDD. In total, 25 subjects, meeting the inclusion

criteria and none of the exclusion ones, were enrolled by the

clinical support team and were then allocated by an independent

member of support staff who was not involved in the study, in a

1:1 ratio using computer-generated permuted block randomization

sequence to receive the sucrosomial R© Vit D3 (Surosomial
R©

UltraD3 Cholecalciferol 100,000 IU) (n = 12) or the chewable

tablet Vit D3 (Admore
R©
, Biolex, Cholecalciferol 100,000 IU) (n =

13) supplement, at a single weekly dose of 200,000 IU (same day

and same time) for 3 consecutive weeks. Treatment allocation was

concealed from participants and study staff. Subjects were given

the respective Vit D3 supplement by the treating physician to be

taken at home the next morning after a light breakfast. Follow-

up serum 25(OH)D levels were evaluated after 2, 3, and 6 weeks.

Similarly, in study 2 (LRH), postgraduate trainee doctors working

in the Department of Gynecology and Obstetrics were randomly

screened for VDD. Following the inclusion/exclusion criteria, a

total of 20 subjects were enrolled and randomized in a 1:1 ratio

to receive either the sucrosomial R© Vit D3 (Surosomial
R©
UltraD3

Cholecalciferol 100,000 IU) (n = 10) or the SGC Vit D3 (Opt-

D
R©
, Cholecalciferol 200,000 IU) (n = 10) supplement, in a single

dose of 200,000 IU every other week for 6 weeks. Follow-up serum

25(OH)D levels were evaluated after 4 and 6 weeks. In both studies,

each participant received a total of 3 doses, each of 200,000 IU

(total 600,000 IU) of the respective Vit D3 supplement over a

period of 6 weeks. All participants were instructed to maintain their

lifestyles including dietary habits and sun exposure throughout the

study period, to minimize interference with daily routines. Subjects

were advised to visit the designated independent clinical laboratory

on the specified day for blood sample collection. All participants

were instructed to note any adverse events during the entire

6-weeks study period. Safety parameters including biochemistry

(serum calcium levels, liver function enzymes, and creatinine)

and hematology were evaluated at the baseline (prior to Vit D3

supplementation) and at the final 25(OH)D evaluation.

2.3. Circulatory 25(OH)d levels evaluation

In both studies, blood sampling and evaluation of serum

25(OH)D levels and other laboratory parameters were performed

by independent clinical diagnostic laboratories: in study 1 (BMCH),

by Jinnah Sindh Medical University (JSMU) laboratory on

Cobas e601 instrument and in study 2 (LRH), by Alkhidmat

Diagnostic Laboratory on Cobas e411 instrument, both used

the electrochemiluminescence (ECL) assay (Roche Diagnostics,

Indianapolis, IN, USA) method.

2.4. Study endpoints

The primary endpoint of the study was to compare the

absorption of sucrosomial R© Vit D3 vs. the chewable tablet Vit D3

(study 1) and SGC (study 2) Vit D3, measured as an increase in

the serum 25(OH)D levels during the 6-weeks treatment period.

The secondary endpoint was to assess the safety and tolerability

of Vit D3 treatment in the form of any significant effect on

any laboratory biochemistry including liver function enzymes,

creatinine, and hematological parameters, evaluated before and

after the completion of Vit D3 treatment.

2.5. Statistical analysis

To compare the absorption (effectiveness) of sucrosomial R© Vit

D3 supplement vs. the chewable tablet Vit D3 (study 1) or SGC

Vit D3 formulations (study 2) in raising the circulatory 25(OH)D

levels, Wilcoxon tests were used. According to age, weight, and

BMI, evenness was also tested, with Wilcoxon tests for age and

BMI, and Pearson’s chi-square test with Yates’ continuity correction

for gender distribution with respect to formulations. All p-values

were adjusted for multiple comparisons with Benjamini–Hochberg

correction (False Discovery Rate - FDR) (30). All consolidated
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FIGURE 2

CONSORT flow diagram for studies 1 and 2.
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values are reported as mean ± standard error of the mean (SEM).

The Wilcoxon tests were used to assess the safety and tolerability

of Vit D3 treatment in terms of significant effect on any of the

blood biochemistry and hematological parameters. All statistical

analyses were performed using R version 4.2.2 (31) and the R

package “ggplot2” (32) for graphical representations. Based on

previously reported studies (22, 26, 27, 33), a sample size of 20

subjects in each study was considered sufficient for this exploratory

descriptive study.

3. Results

3.1. Baseline characteristics

The baseline demographics and clinical characteristics of

subjects in the two studies are presented in Table 1. In study 1,

overall, themean age was 34.1± 1.8 years, baseline serum 25(OH)D

level was 11.3 ± 0.7 ng/ml, and the cohort included 13 men and 12

women. There were more men in the sucrosomial R© Vit D3 group

(n = 8), while more women (n = 8) in the chewable tablet Vit

D3 treatment group. However, this apparent gender bias was not

significant (p = 0.313). At the baseline, the two Vit D3 treatment

groups were otherwise reasonably balanced in terms of age and

clinical characteristics including body weight, BMI, circulatory

25(OH)D, calcium, and hemoglobin levels.

In study 2, overall, the mean age was 29.4 ± 1.1 years, all were

women, and the baseline mean serum 25(OH)D level was 12.1 ±

0.6 ng/ml. At the baseline, the two treatment groups were balanced

in terms of participants’ demographic and clinical characteristics.

In both studies, treatment adherence was 100% as reported

by all participants on the dosage day through a phone call. The

sucrosomial R© Vit D3 was taken by dissolving in the mouth either

without water or with a sip of water. In both studies, all participants

completed the study, and there were no dropouts.

3.2. E�ect of Vit D3 supplementation

3.2.1. Study 1
Follow-up serum 25(OH)D levels measured during Vit D3

treatment in both groups are shown in Figure 3. After 2 weeks

of Vit D3 treatment, both groups showed a significant increase

in the serum 25(OH)D levels (p < 0.0001) but rose substantially

higher in the sucrosomial R© Vit D3 group, with a statistically

significant difference between the two groups (p = 0.0003), i.e.

sucrosomial R© Vit D3: from baseline mean ± SEM 9.6 ± 0.7

to 78.8 ± 7.1 ng/ml vs. chewable tablet Vit D3: from baseline

12.8 ± 1.0 to 36.1 ± 3.6 ng/ml. After 3 weeks, both treatment

groups showed a further small and comparable increase in serum

25(OH)D levels to 89.6 ± 6.7 ng/ml and 44.6 ± 5.2 ng/ml, in

the sucrosomial R© Vit D3 and chewable tablet Vit D3 supplement

groups, respectively. After 6 weeks, serum 25(OH)D levels showed

a small and comparable decrease to 78.6 ± 7.5 ng/ml and 38.1 ±

3.4 ng/ml, in the sucrosomial R© Vit D3 and chewable tablet Vit

D3 groups, respectively. At all time points, sucrosomial R© Vit D3

achieved significantly higher and sustained circulatory 25(OH)D

levels as compared with the chewable tablet Vit D3 (p < 0.001)

supplement. These results suggest an efficient absorption of the

sucrosomial R© Vit D3 preparation as compared to the chewable

tablet Vit D3 supplement.

3.2.2. Study 2
In study 2, like study 1, sucrosomial R© Vit D3 supplementation

led to a substantial increase in follow-up serum 25(OH)D levels

as compared to the SGC Vit D3 supplement, which showed only

a mild increase (Figure 4). Although after 4 weeks follow-up,

serum 25(OH)D levels increased significantly from the baseline

in both treatment groups (p < 0.0001) but rose markedly higher

in the sucrosomial R© Vit D3 group, with a statistically significant

difference between the two groups (p= 0.02) i.e. sucrosomial R© Vit

D3: from baseline mean ± SEM 11.6 ± 0.8 to 47.8 ± 5.3 ng/ml

vs. SGC Vit D3: from baseline 12.6 ± 0.9 to 29.9 ± 2.9 ng/ml. At

6-weeks follow-up, circulatory 25(OH)D levels showed a further

considerable increase in the sucrosomial R© Vit D3 treatment group

to 66.1 ± 5.1 ng/ml (p = 0.049), with a statistically significant

difference in the SGC Vit D3 group (38.2± 2.6 ng/ml) (p= 0.002),

which showed only a minimal increase (p = 0.062). These results

validate what was observed in study 1, i.e. they confirm an efficient

absorption of sucrosomial R© Vit D3 as compared to the SGC Vit

D3 supplement.

3.3. Safety analysis

Overall, in both studies, the Vit D3 treatment was well tolerated

by all participants, and there were no treatment-related adverse

effects, side effects, serious events, or discontinuation of the Vit D3

treatment due to safety reasons. There was no effect on the vital

signs of any of the study participants. There were also no significant

changes in the hematological and biochemical parameters studied,

including calcium, liver enzymes, and creatinine (p ≥ 0.5) (see

Supplementary Tables 1, 2 for study 1 and 2, respectively).

4. Discussion

This exploratory prospective clinical trial for the first time

assessed the efficacy of an innovative sucrosomial R© orodispersible

Vit D3 formulation vs. a reference chewable tablet (study 1)

and SGC (study 2) Vit D3 preparation in Vit D-deficient

healthy adults and revealed that the sucrosomial R© Vit D3

is more efficacious in raising the circulating 25(OH)D levels

owing to its efficient absorption. Moreover, the results of

study 1 were validated by the results in study 2 which was

conducted in a different province (Khyber Pakhtunkhwa) of

Pakistan and involved participants of different ethnic background

(Pashtuns) as compared to study 1 which was conducted

in Balochistan province of Pakistan and involved participants

of Baloch ethnicity, demonstrating the generalization of the

results of efficient absorption/efficacy of sucrosomial R© Vit D3

supplementation. Vit D3 in the sucrosomial R© formulation is

protected by a phospholipids, made mainly from sunflower lecithin

plus a sucrester (sucrose ester) matrix (Figure 5). Additional

stability and coating are achieved thanks to the presence
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TABLE 1 Overall baseline demographic and clinical characteristics of the participants in the two studies.

Characteristic Study 1 Study 2

Sucrosomial® Vit D3
treatment group

(n = 12)

Chewable tablet Vit
D3 treatment group

(n = 13)

Sucrosomial® Vit
D3 treatment group

(n = 10)

Soft gel capsule Vit
D3 treatment group

(n = 10)

Sex

Male, n 8 5 0 0

Female, n 4 8 10 10

Age (years) 31.3± 1.7 36.6± 3.0 27.5± 0.9 31.3± 1.8

Body weight (kg) 71.8± 3.0 64.3± 2.8 56.9± 4.4 62.7± 1.8

Body mass index (kg/m2) 24.1± 1.0 23.8± 0.8 24.3± 1.2 25.4± 1.0

Serum 25(OH)D levels (ng/ml) 9.6± 0.7 12.8± 1.0 11.6± 0.8 12.6± 0.9

Serum calcium levels (mg/dL) 9.9± 0.1 9.9± 0.1 9.5± 0.2 9.6± 0.2

Hemoglobin (g/dL) 15.8± 0.5 13.7± 0.7 12.3± 0.2 12.2± 0.3

Data are presented as mean± SEM or numbers. No statistically significant difference was observed in any variable between the two Vit D3 treatment groups within each study.

FIGURE 3

E�cacy of sucrosomial® orodispersible Vit D3 vs. chewable tablet Vit D3 supplementation on serum 25(OH)D levels in Vit D-deficient healthy adults.

Graphs showing serum 25(OH)D levels (expressed as mean ± SEM) measured before and after Vit D3 treatment (a single weekly dose of 200,000 IU

for 3 consecutive weeks) in Vit D-deficient healthy adults. Sucrosomial® Vit D3, n = 12; chewable tablet Vit D3, n = 13. The dashed horizontal line

shows the serum Vit D deficiency threshold [25(OH)D <20ng/ml]. Wilcoxon test was used to assess the significance of changes in circulatory

25(OH)D levels over time within each Vit D3 treatment group and between groups. To simplify the data presentation, only significant inter-group

di�erences are shown (for intra-group di�erences over time, please refer to the main text). ***p < 0.001.

of other ingredients as starch and tricalcium phosphate and

forming a “sucrosome” delivery vehicle. The gastro-resistant

properties of sucrosome (34) are believed to protect Vit

D3 from degradation through its journey in the GI tract,

decrease its interactions with food in the stomach, and promote

transport and absorption across the intestinal epithelium to

the circulatory system. The intact sucrosome allows the Vit

D3 to reach the intestinal mucosa where it is absorbed as a

vesicle-like structure through para-cellular and trans-cellular (M-

cells) routes (29, 34–36). The unique structural, physicochemical,

and pharmacokinetic properties make sucrosomial R© technology

of significant interest in drug delivery applications. Reported

evidence suggests that sucrester enhances the accumulation

of drugs in CACO-2 cells (37) and acts as an enhances of

intestinal permeability, as shown in animal model studies (38).

In previous studies, with iron as an active agent, sucrosomial R©

biodelivery vehicle has been shown to achieve high iron

bioavailability and low gastrointestinal toxicity including in

patients with chronic kidney disease, cancer, and bariatric

surgery (29, 34, 36). In a recent study by Bertani et al.

(39), an oral sucrosomial R© iron formulation was shown as

effective as intravenous iron in treating anemia in patients with

ulcerative colitis.

In addition to facilitating efficient intestinal absorption,

another possible benefit of sucrosomial R© orodispersible Vit

D3 could be its absorption in the oral cavity. Our study

showed that the sucrosomial R© Vit D3 when taken inside

the mouth, dissolves within moments when combined with
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FIGURE 4

E�cacy of sucrosomial® orodispersible Vit D3 vs. soft gel capsule (SGC) Vit D3 supplementation on serum 25(OH)D levels in Vit D-deficient healthy

adults. Graphs showing serum 25(OH)D levels (expressed as mean ± SEM) before and after Vit D3 treatment (single weekly dose of 200,000 IU every

other week for 6 weeks) in Vit D-deficient healthy female adults. Sucrosomial® Vit D3, n = 10; soft gel capsule Vit D3, n = 10. The dashed horizontal

line shows the serum Vit D deficiency threshold (20ng/ml). Wilcoxon test was used to assess the significance of changes in circulating 25(OH)D

levels over time within each Vit D3 treatment group and between groups. To simplify the data presentation, only significant inter-group di�erences

are shown (for intra-group di�erences over time, please refer to the main text). *p < 0.05, **p < 0.01.

FIGURE 5

Structure of the sucrosomial® biodelivery vehicle.

saliva, and the fine micro-sized droplets containing Vit D3

are then possibly (and efficiently) absorbed through the

buccal mucosa, palatal membranes, and sublingually into

numerous capillaries and veins, close to the tissue surface.

The oral cavity has a rich blood supply and is relatively

permeable, facilitating an efficient route for Vit D absorption

into the circulatory system. In the oral cavity route, Vit

D3 bypasses the GI absorption pathway and is protected

from degradation due to the pH and digestive enzymes of

the GI tract (40), thus contributing to increased circulatory

levels. It is speculated that the sucrosomial R© Vit D3 oral

cavity absorption properties may well prove superior for

those with GI malabsorption syndromes such as individuals

with cystic fibrosis (41), Crohn’s disease (42), intestinal

reresection (43, 44), ulcerative colitis, and liver disease

(45, 46), who fail to achieve adequate circulatory 25(OH)D

levels, despite routine supplementation and for individuals

with difficulty swallowing such as the elderly, young children,

and babies.

The absorption of Vit D3 preparations in the oral cavity

has been investigated in several studies. In study by Khazi

et al. involving cystic fibrosis patients, a greater bioavailability
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of powder Vit D preparation was observed compared with an

oil-soluble vehicle (22). In study by Satia et al., a buccal spray

Vit D3 preparation led to significantly higher circulatory

25(OH)D concentration as compared with SGC Vit D3

preparation, in both healthy subjects and patients with

malabsorption syndrome (26). In study by Cupone et al., an

orodisintegrable film Vit D3 preparation showed disintegration

of the vehicle in less than 1min and the Vit D3 release was

≥75% after 15min (20). In a similar study by Radicioni

et al., a higher Vit D3 bioavailability was achieved with an

orodispersible Vit D3 preparation compared with an oral

solution preparation in healthy subjects (25). In general, among

most of the previously reported studies of Vit D3 oral cavity

absorption, the sucrosomial R© Vit D3 preparation appears to

be the most effective for achieving increased bioavailability

of Vit D, owing to its unique structural and physiochemical

characteristics. However, further studies are required to

establish the absorption of sucrosomial R© Vit D3 in the oral

cavity.

This study also demonstrated excellent safety and tolerability

profile of the sucrosomial R© Vit D3 supplement in high

dosage, and no cases of hypercalcemia occurred. There were

no negative effects on the liver function enzymes and kidney

function (creatinine) as well as hematology in any of the

study participants throughout the study 6-weeks period.

The adequately higher circulatory Vit D levels achieved

with high-dose sucrosomial R© Vit D3 supplementation in

this study, alongside excellent safety and tolerability, could

provide a rationale for clinical trials to assess whether

such Vit D levels are associated with immunomodulatory

pharmacological effects in autoimmune diseases and infection

risk (47–49).

Our study is not free from limitations. The relatively

small sample size, open-label nature, and absence of diseased

participants such as frail elderly, those with chronic conditions,

e.g. chronic liver or kidney diseases, and malabsorption syndrome

are some of the drawbacks of this study. Nevertheless, those

involved in the randomization, enrolment of participants,

drawing the participants’ blood samples, clinical diagnostic

laboratories evaluating the serum 25(OH)D levels, and

investigators assessing the outcomes were blinded to

the intervention. Moreover, the results of study 1 were

validated by results of the study 2 conducted in a different

geographic location and involving participants of different

ethnic background, demonstrating the wider applicability of

the results.

5. Conclusion

According to the results of our study, the sucrosomial R©

orodispersible Vit D3 preparation dissolves and absorbs

efficiently in the GI system, leading to adequately higher and

sustained circulatory Vit D levels as compared to a chewable

tablet and soft gel capsule forms of Vit D3 preparations in

Vit D-deficient healthy adults, and thus could contribute

effectively to body protection against diseases associated

with VDD.

Data availability statement

Data supporting the findings of this study are included within

the article and/or Supplementary material, further inquiries can be

directed to the corresponding author.

Ethics statement

The study was reviewed and approved by the BMCH

Ethical Board Committee (Ref. no. BMCH/EBC/5500) and

LRH Institutional Review Board (Ref. no. 696/LRH/MTI). The

patients/participants provided their written informed consent to

participate in this study.

Author contributions

AK, AB, AAB, and SAb: conceptualization, methodology,

resources, supervision, and project administration. AB, SAb, AAB,

FA, MB, SM, and HZ: investigation and data curation. MF and

GC: statistical analysis. AK: writing—original draft preparation,

conception and coordination of the study, full access to all data

in the study, and responsibility for the integrity of the data and

the accuracy of the data analysis. ID, SAs, EB, GT, AG, ST, and

SK: writing—reviewing and editing. All authors have read and

approved the final version of the manuscript for submission.

Acknowledgments

The authors would like to thank the participants of this

study, and PharmaNutra S.p.A., Pisa, Italy for providing the

sucrosomial R© Vit D3 supplement.

Conflict of interest

EB and GT are employees of the PharmaNutra S.p.A.,

Pisa, Italy.

The remaining authors declare that the research was conducted

in the absence of any commercial or financial relationships that

could be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fnut.2023.

1221685/full#supplementary-material

Frontiers inNutrition 09 frontiersin.org

https://doi.org/10.3389/fnut.2023.1221685
https://www.frontiersin.org/articles/10.3389/fnut.2023.1221685/full#supplementary-material
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Bano et al. 10.3389/fnut.2023.1221685

References

1. Bikle Daniel D. Vitamin D metabolism, mechanism of action, and clinical
applications. Chem Biol. (2014) 21:319–29. doi: 10.1016/j.chembiol.2013.12.016

2. Janoušek J, Pilarová V, Macáková K, Nomura A, Veiga-Matos J. Silva DDd, et al.
Vitamin D: sources, physiological role, biokinetics, deficiency, therapeutic use, toxicity,
and overview of analytical methods for detection of vitamin D and its metabolites. Crit
Rev Clin Lab Sci. (2022) 59:517–54. doi: 10.1080/10408363.2022.2070595

3. Baeke F, Takiishi T, Korf H, Gysemans C, Mathieu C. Vitamin
D: modulator of the immune system. Curr Opin Pharmacol. (2010)
10:482–96. doi: 10.1016/j.coph.2010.04.001

4. Lagishetty V, Liu NQ, Hewison M. Vitamin D metabolism and innate immunity.
Mol Cell Endocrinol. (2011) 347:97–105. doi: 10.1016/j.mce.2011.04.015

5. Pludowski P, Holick MF, Grant WB, Konstantynowicz J, Mascarenhas MR, Haq
A, et al. Vitamin D supplementation guidelines. J Steroid Biochem Mol Biol. (2018)
175:125–35. doi: 10.1016/j.jsbmb.2017.01.021

6. Katz J, Yue S, Xue W. Increased risk for COVID-19 in patients with vitamin D
deficiency. Nutrition. (2021) 84:111106. doi: 10.1016/j.nut.2020.111106

7. Ao T, Kikuta J, Ishii M. The effects of vitamin D on immune system and
inflammatory diseases. Biomolecules. (2021) 11:624. doi: 10.3390/biom11111624

8. Charoenngam N, Holick MF. Immunologic effects of vitamin D on human health
and disease. Nutrients. (2020) 12:97. doi: 10.3390/nu12072097

9. Gois PHF, Ferreira D, Olenski S, Seguro AC. Vitamin D and infectious
diseases: simple bystander or contributing factor? Nutrients. (2017)
9:651. doi: 10.3390/nu9070651

10. Iqtadar S, Khan A, Mumtaz SU, Livingstone S, Chaudhry MNA, Raza N,
et al. Vitamin D deficiency (VDD) and susceptibility towards severe dengue fever-a
prospective cross-sectional study of hospitalized dengue fever patients from Lahore,
Pakistan. Trop Med Infect Dis. (2023) 8:43. doi: 10.3390/tropicalmed8010043

11. L Bishop E, Ismailova A, Dimeloe S, Hewison M, White JH. Vitamin D and
immune regulation: antibacterial, antiviral, anti-inflammatory. JBMR Plus. (2021)
5:e10405. doi: 10.1002/jbm4.10405

12. Thacher TD, Clarke BL. Vitamin D insufficiency.Mayo Clin Proc. (2011) 86:50–
60. doi: 10.4065/mcp.2010.0567

13. Amrein K, Scherkl M, Hoffmann M, Neuwersch-Sommeregger S, Köstenberger
M, Tmava Berisha A. et al. Vitamin D deficiency 20: an update on the current status
worldwide. Eur J Clin Nutr. (2020) 74:1498–513. doi: 10.1038/s41430-020-0558-y

14. Lips P, Cashman KD, Lamberg-Allardt C, Bischoff-Ferrari HA, Obermayer-
Pietsch B, Bianchi ML, et al. Current vitamin D status in european and middle
east countries and strategies to prevent vitamin d deficiency: a position statement
of the european calcified tissue society. Eur J Endocrinol. (2019) 180:P23–
54. doi: 10.1530/EJE-18-0736

15. Holick MF. Vitamin D deficiency. N Engl J Med. (2007) 357:266–
81. doi: 10.1056/NEJMra070553

16. Nair R, Maseeh A. Vitamin D: the “sunshine” vitamin. J Pharmacol
Pharmacother. (2012) 3:118–26. doi: 10.4103/0976-500X.95506

17. Riaz H, Finlayson AE, Bashir S, Hussain S, Mahmood S, Malik F, et al. Prevalence
of Vitamin D deficiency in Pakistan and implications for the future. Expert Rev Clin
Pharmacol. (2016) 9:329–38. doi: 10.1586/17512433.2016.1122519

18. Macdonald HM, Mavroeidi A, Fraser WD, Darling AL, Black AJ, Aucott L,
et al. Sunlight and dietary contributions to the seasonal vitamin D status of cohorts
of healthy postmenopausal women living at northerly latitudes: a major cause for
concern? Osteoporos Int. (2011) 22:2461–72. doi: 10.1007/s00198-010-1467-z

19. Lo CW, Paris PW, Clemens TL, Nolan J, Holick MF. Vitamin D absorption in
healthy subjects and in patients with intestinal malabsorption syndromes. Am J Clin
Nutr. (1985) 42:644–9. doi: 10.1093/ajcn/42.4.644

20. Cupone IE, Dellera E, Marra F, Giori AM. Development and characterization
of an orodispersible film for vitamin d3 supplementation. Molecules. (2020)
25:851. doi: 10.3390/molecules25245851

21. Fassio A, Adami G, Rossini M, Giollo A, Caimmi C, Bixio R, et al.
Pharmacokinetics of oral cholecalciferol in healthy subjects with vitamin d deficiency:
a randomized open-label study. Nutrients. (2020) 12:53. doi: 10.3390/nu12061553

22. Hermes WA, Alvarez JA, Lee MJ, Chesdachai S, Lodin D, Horst R, et al.
Prospective, randomized, double-blind, parallel-group, comparative effectiveness
clinical trial comparing a powder vehicle compound of vitamin D with an oil vehicle
compound in adults with cystic fibrosis. JPEN J Parenter Enteral Nutr. (2017) 41:952–
8. doi: 10.1177/0148607116629673

23. Jetter A, Egli A, Dawson-Hughes B, Staehelin HB, Stoecklin E, Goessl R,
et al. Pharmacokinetics of oral vitamin D(3) and calcifediol. Bone. (2014) 59:14–
9. doi: 10.1016/j.bone.2013.10.014

24. Mentaverri R, Souberbielle JC, Brami G, Daniel C, Fardellone P.
Pharmacokinetics of a new pharmaceutical form of vitamin D3 100,000 IU in
soft capsule. Nutrients. (2019) 11:703. doi: 10.3390/nu11030703

25. Radicioni M, Caverzasio C, Rovati S, Giori AM, Cupone I, Marra F, et al.
Comparative bioavailability study of a new vitamin D3 orodispersible film versus
a marketed oral solution in healthy volunteers. Clin Drug Investig. (2022) 42:151–
61. doi: 10.1007/s40261-021-01113-7

26. Satia MC, Mukim AG, Tibrewala KD, Bhavsar MS, A. randomized two way cross
over study for comparison of absorption of vitamin D3 buccal spray and soft gelatin
capsule formulation in healthy subjects and in patients with intestinal malabsorption.
Nutr J. (2015) 14:114. doi: 10.1186/s12937-015-0105-1

27. Wagner CL, Shary JR, Nietert PJ, Wahlquist AE, Ebeling MD, Hollis BW.
Bioequivalence studies of vitamin D gummies and tablets in healthy adults: results of a
cross-over study. Nutrients. (2019) 11:17. doi: 10.3390/nu11051023

28. Maurya VK, Aggarwal M. Factors influencing the absorption of
vitamin D in GIT: an overview. J Food Sci Technol. (2017) 54:3753–
65. doi: 10.1007/s13197-017-2840-0

29. Gómez-Ramírez S, Brilli E, Tarantino G, Muñoz M. Sucrosomial( R©) iron: a
new generation iron for improving oral supplementation. Pharmaceuticals. (2018)
11:97. doi: 10.3390/ph11040097

30. Benjamini Y. Discovering the false discovery rate. J Royal Stat Soc Series B Stat
Methodol. (2010) 72:405–16. doi: 10.1111/j.1467-9868.2010.00746.x

31. R Core Team. R: A Language and Environment for Statistical Computing. (2020).
Available online at: https://www.r-project.org/ (accessed June 11, 2023).

32. Wickham H. Elegant Graphics for Data Analysis. New York, NY: Springer
Cham (2016).

33. Barger-Lux MJ, Heaney RP, Dowell S, Chen TC, Holick MF. Vitamin D and its
major metabolites: serum levels after graded oral dosing in healthy men. Osteoporos
Int. (1998) 8:222–30. doi: 10.1007/s001980050058

34. Brilli E, Romano A, Fabiano A, Zambito Y, Di Raimondo F, Tarantino G.
Sucrosomial technology is able to promote ferric iron absorption: pre-clinical and
clinical evidences. Blood. (2016) 128:3618. doi: 10.1182/blood.V128.22.3618.3618

35. Du M, Chang C, Zhang X, Zhang Y, Radford MJ, Gahler RJ, et al. Designing
vitamin D3 formulations: an in vitro investigation using a novel micellar delivery
system. Nutraceuticals. (2023) 3:290–305. doi: 10.3390/nutraceuticals3020023

36. Fabiano A, Brilli E, Mattii L, Testai L, Moscato S, Citi V, et al. Ex Vivo and in
Vivo study of sucrosomial( R©) iron intestinal absorption and bioavailability. Int J Mol
Sci. (2018) 19:722. doi: 10.3390/ijms19092722

37. Takaishi N, Satsu H, Shimizu M. Enhanced daunomycin accumulation in
human intestinal Caco-2 cells from non-ionic food emulsifiers unrelated to the
p-glycoprotein inhibitory mechanism. Biosci Biotechnol Biochem. (2006) 70:2703–
11. doi: 10.1271/bbb.60306

38. Quintanar-Guerrero D, Ganem-Quintanar A, Allémann E, Fessi H, Doelker
E. Influence of the stabilizer coating layer on the purification and freeze-drying of
poly(D, L-lactic acid) nanoparticles prepared by an emulsion-diffusion technique. J
Microencapsul. (1998) 15:107–19. doi: 10.3109/02652049809006840

39. Bertani L, Tricò D, Zanzi F, Baiano Svizzero G, Coppini F, de Bortoli N, et al.
Oral sucrosomial iron is as effective as intravenous ferric carboxy-maltose in treating
anemia in patients with ulcerative colitis. Nutrients. (2021) 13:2. doi: 10.3390/nu130
20608

40. Narang NC, Sharma J, Baba S. Sublingual mucosa as a route for systemic drug
delivery. J Pharmacol Pharmacother. (2011) 3:118–26.

41. Hahn TJ, Squires AE, Halstead LR, Strominger DB. Reduced serum 25-
hydroxyvitamin D concentration and disordered mineral metabolism in patients
with cystic fibrosis. J Pediatr. (1979) 94:38–42. doi: 10.1016/S0022-3476(79)
80346-7

42. Driscoll RH, Meredith SC, Sitrin M, Rosenberg IH. Vitamin D deficiency and
bone disease in patients with Crohn’s disease. Gastroenterology. (1982) 83:1252–
8. doi: 10.1016/S0016-5085(82)80135-2

43. Compston JE, Ayers AB, Horton LW, Tighe JR, Creamer B. Osteomalacia
after small-intestinal resection. Lancet. (1978) 1:9–12. doi: 10.1016/S0140-6736(78)
90358-6

44. Markestad T, Aksnes L, Finne PH, Aarskog D. Decreased vitamin D absorption
after limited jejunal resection in a premature infant. J Pediatr. (1982) 101:1001–
8. doi: 10.1016/S0022-3476(82)80031-0

45. Danielsson A, Lorentzon R, Larsson SE. Intestinal absorption and 25-
hydroxylation of vitamin D in patients with primary biliary cirrhosis. Scand J
Gastroenterol. (1982) 17:349–55. doi: 10.3109/00365528209182066

Frontiers inNutrition 10 frontiersin.org

https://doi.org/10.3389/fnut.2023.1221685
https://doi.org/10.1016/j.chembiol.2013.12.016
https://doi.org/10.1080/10408363.2022.2070595
https://doi.org/10.1016/j.coph.2010.04.001
https://doi.org/10.1016/j.mce.2011.04.015
https://doi.org/10.1016/j.jsbmb.2017.01.021
https://doi.org/10.1016/j.nut.2020.111106
https://doi.org/10.3390/biom11111624
https://doi.org/10.3390/nu12072097
https://doi.org/10.3390/nu9070651
https://doi.org/10.3390/tropicalmed8010043
https://doi.org/10.1002/jbm4.10405
https://doi.org/10.4065/mcp.2010.0567
https://doi.org/10.1038/s41430-020-0558-y
https://doi.org/10.1530/EJE-18-0736
https://doi.org/10.1056/NEJMra070553
https://doi.org/10.4103/0976-500X.95506
https://doi.org/10.1586/17512433.2016.1122519
https://doi.org/10.1007/s00198-010-1467-z
https://doi.org/10.1093/ajcn/42.4.644
https://doi.org/10.3390/molecules25245851
https://doi.org/10.3390/nu12061553
https://doi.org/10.1177/0148607116629673
https://doi.org/10.1016/j.bone.2013.10.014
https://doi.org/10.3390/nu11030703
https://doi.org/10.1007/s40261-021-01113-7
https://doi.org/10.1186/s12937-015-0105-1
https://doi.org/10.3390/nu11051023
https://doi.org/10.1007/s13197-017-2840-0
https://doi.org/10.3390/ph11040097
https://doi.org/10.1111/j.1467-9868.2010.00746.x
https://www.r-project.org/
https://doi.org/10.1007/s001980050058
https://doi.org/10.1182/blood.V128.22.3618.3618
https://doi.org/10.3390/nutraceuticals3020023
https://doi.org/10.3390/ijms19092722
https://doi.org/10.1271/bbb.60306
https://doi.org/10.3109/02652049809006840
https://doi.org/10.3390/nu13020608
https://doi.org/10.1016/S0022-3476(79)80346-7
https://doi.org/10.1016/S0016-5085(82)80135-2
https://doi.org/10.1016/S0140-6736(78)90358-6
https://doi.org/10.1016/S0022-3476(82)80031-0
https://doi.org/10.3109/00365528209182066
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Bano et al. 10.3389/fnut.2023.1221685

46. Matloff DS, Kaplan MM, Neer RM, Goldberg MJ, Bitman W, Wolfe HJ.
Osteoporosis in primary biliary cirrhosis: effects of 25-hydroxyvitamin D3 treatment.
Gastroenterology. (1982) 83:97–102. doi: 10.1016/S0016-5085(82)80291-6

47. Caprio M, Infante M, Calanchini M, Mammi C, Fabbri A. Vitamin D:
not just the bone. Evidence for beneficial pleiotropic extraskeletal effects Eating
and Weight Disorders-Studies on Anorexia. Bulimia Obesity. (2017) 22:27–
41. doi: 10.1007/s40519-016-0312-6

48. Gatti D, Idolazzi L, Fassio A. Vitamin D: not just bone, but also immunity.
Minerva Med. (2016) 107:452–60.

49. Martineau AR, Jolliffe DA, Hooper RL, Greenberg L, Aloia
JF, Bergman P, et al. Vitamin D supplementation to prevent acute
respiratory tract infections: systematic review and meta-analysis of
individual participant data. BMJ. (2017) 356:i6583. doi: 10.1136/bmj.
i6583

Frontiers inNutrition 11 frontiersin.org

https://doi.org/10.3389/fnut.2023.1221685
https://doi.org/10.1016/S0016-5085(82)80291-6
https://doi.org/10.1007/s40519-016-0312-6
https://doi.org/10.1136/bmj.i6583
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

	A comparative absorption study of sucrosomial® orodispersible vitamin D3 supplementation vs. a reference chewable tablet and soft gel capsule vitamin D3 in improving circulatory 25(OH)D levels in healthy adults with vitamin D deficiency—Results from a prospective randomized clinical trial
	1. Introduction
	2. Materials and methods 
	2.1. Study design and participants 
	2.2. Subjects' enrolment, randomization, and Vit D3 treatment 
	2.3. Circulatory 25(OH)d levels evaluation 
	2.4. Study endpoints
	2.5. Statistical analysis

	3. Results 
	3.1. Baseline characteristics 
	3.2. Effect of Vit D3 supplementation
	3.2.1. Study 1 
	3.2.2. Study 2 

	3.3. Safety analysis

	4. Discussion 
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


