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Abstract: Normally, people lose between 50 and 100 hairs a day and generate new ones from the stem cells of 

hair follicles, but in people suffering from baldness, the condition called alopecia or androgenetic alopecia, the 

stem cells remain inactive and are unable to regenerate new hair.  The stages of hair growth have been studied 

to better understand how hair grows and what might be done to prevent or treat premature hair loss. Anagen 

is referred to as the active phase of hair growth in which the hair shaft is produced by the hair follicle, whereas 

during catagen and telogen phases the lower part of hair follicle regresses until its growth stops. Although 9% 

of hair follicles remain in telogen at any one time, a variety of factors including growth factors and cytokines 

promote the transition from telogen to anagen and the subsequent stimulation of hair growth. In this work, we 

discuss a new possible treatment, AMPLEX PLUS that could help significantly slow hair loss and encourage 

new hair growth.  

1. Introduction 

Alopecia is the general medical term for hair loss which causes a significant impact in the quality 

of life of patients [1]. Traditionally, alopecia is classified into two categories of hair loss disorders: 

scarring alopecia and non-scarring alopecia [2]. Scarring alopecia is a rare hair condition that causes 

destruction of the hair follicle, replaces it with fibrous scar tissue, due to irreversible hair loss [2]. In 

contrast, non-scarring alopecia is more common than scarring alopecia affecting both men and 

women with a prevalence about 3% to 7% [3]. This condition doesn’t lead to destruction of hair follicle 
bulbs and although the hair cycle is altered, follicles are preserved with the ability to regenerate, 

allowing hair regrowth if the condition is treated early in the disease course [3]. Non-scarring alopecia 

include male and female pattern hair loss, also known as androgenetic alopecia, alopecia areata and 

other less common conditions [3]. Androgenetic alopecia (AGA), especially male pattern baldness, is 

one of the most prevalent forms of hair loss whose prevalence is based on age: up to 50% of white 

men by 50 years and 80% by 70 years will have AGA and we know that Caucasians are largely 

affected. The occurrence and the hair loss trend depend on the interaction of endocrine factors 

(testosterone and dihydrotestosterone (DHT) are the most important regulators) and genetic 

predisposition. Abnormal levels of testosterone and DHT alter the cycle of certain hair follicles, 

hindering the hair growth process. In men, the action of these hormones involves depletion of the 

frontal hairline with hair loss at the top of the scalp and causes the hair to become increasingly thin 

leading to vellus transformation of terminal hair. Based on the knowledge of the hair follicle cycle 

that is divided into three phases, anagen (the active phase in which the hair follicle works to produce 

hair fiber determining hair length), catagen (the transition phase characterized by hair follicle 

regression) and telogen (the resting phase in which the hair shaft growth does not occur), 

androgenetic alopecia results from an alteration of this cycle: the anagen phase duration decreases 

while that of telogen phase increases [4,5].   

In addition, it is well known that the hair follicle is a complicated biological system finely 

regulated by the action of various growth factors, involved in the proper communication between 
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epithelial cells and mesenchymal stem cells, translating in the correct progression of the hair growth 

cycle. Abnormal levels of testosterone and DHT determine, in fact, the inappropriate activation of 

pathways that lead to the abnormal release of factors such as transforming growth factor (TGF - ß), 

insuline-like growth factor (IGF – 1), basic fibroblast growth factor (bFGF), epidermal growth factor 

(EGF) [6,7]. IGF - 1 and bFGF are crucial factors for follicle survival and growth in the anagen phase, 

while their expression is inhibited during the catagen phase [8,9]. IGF-1 has been shown to affect 

follicular proliferation, tissue remodeling, and the hair growth cycle, as well as follicular 

differentiation, identifying the IGF-1 signaling as an important mitogenic and morphogenetic 

regulator in hair follicle biology [10]. During the phase of growth (anagen) the dermal papilla cells 

(fibroblasts) produce IGF-1 that promotes cell division of the hair matrix cells, to growth hair and to 

promote hair maintenance. In the anagen phase, IGF - 1 is supported by other factors such as HGF 

and VEGF, which get activated in dermal papilla cells, affecting the follicular keratinocytes and 

melanocytes by paracrine mechanism. EGF promotes the growth of the outer sheaths (ORS) of follicle 

in anagen phase and enhances the proliferation and migration of ORS cells during the initial phase 

of hair follicle growth. TGF -  (1-3), on the other hand, is mainly involved in the apoptotic process 

that characterizes the catagen phase, accompanied by the removal of the hair shaft from the dermal 

papilla. Finally, IGF-1 and EGF combination promote the transition of the hair cycle from telogen to 

anagen and stimulate the growth of hair shaft. All the growth factors are closely interrelated and 

affect each other in both regulating and controlling manner [10]. 

In recent years, the emphasis of research has focused on the study and identification of 

biocompatible carrier vesicles capable of transporting bioactive molecules, including growth factors, 

facilitating cell communication and the correct activation of pathways underlying hair follicle 

regeneration. In this context, exosomes have held a dominant role. 

Exosomes are a subset of extracellular microvesicles, with an average diameter of 30-200 

nanometers, involved in intercellular communication and cellular trafficking. For example, they play 

an important role in many aspects of human health, including development, immunity, and tissue 

homeostasis. They are produced by various animal cells such as red blood cells, lymphocytes, 

dendritic cells, as well as being concentrated in various biological fluids such as milk, urine, and 

blood plasma [11]. More recently, vesicle like-exosomes have also been isolated in plants [12,13]. 

Exosomes are formed from inward budding of endosomes resulting in membrane-surrounded 

multivesicular bodies (MVBs), which are secreted by fusion of the MVBs with the cell membrane. 

Once internalized, they may fuse with the membrane of endosomes thus enabling the transfer of their 

content to the cytoplasm of target cells. Their functional components include proteins (e.g., 

tetraspanins and heat shock proteins), lipids (exosomes are enriched in phosphatidylserine, 

cholesterol, prostaglandins), amino acids and different patterns of RNAs (microRNAs, mRNAs, 

rRNAs). Due to their high biocompatibility, exosomes are utilized in many biomedical and 

therapeutic applications from drug delivery in various tumour types (pancreatic, liver, gastric) 

[14,15], to the uptake of pathogenic molecules involved in the etiogenesis of neurodegenerative 

diseases such as Parkinson's and Alzheimer's [16] to tissue stimulation in the regenerative medicine 

field [13,17,18]. 

The aim of the present study was to evaluate the action on hair elongation in vitro of several 

compounds and compare their efficacy. We tested exosomes from different matrices such as plants, 

human cord blood stem cells (CBSC) and colostrum. Furthermore, we also evaluated the effectiveness 

of a product, called AMPLEX PLUS technology, a mixture of exosomes and 20 growth factors both 

derived from colostrum. 

2. Materials and Methods 

2.1. Cord blood stem cells (CBSCs)‐derived exosomes 

Exosomes derived from human cord blood stem cells (CBSCs) were a gift from our collaborators 

in University of Bradford. All the samples were collected from healthy mothers after obtaining 

consent in Tehran's Taleghani Hospital and received from Tissue Bank at the University of Bradford 
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(Ref: ET‐17‐088). The morphology of exosomes was evaluated by transmission electron microscopy 

[19]. 

2.2. Plant-Derived NanoVesicles (PDNVs) 

We used lyophilized commercial nanovescicles derived to Citrus bergamia. The PDNVs, obtained 

according to [20], are measured through Nanoparticle Tracking Analysis to analyze number and size; 

the expression of TET8 (Tetraspanin-8) was evaluated. 

2.3. Isolation and characterization of colostrum-derived exosomes 

In this study, the colostrum was obtained from healthy cows. Exosomes from colostrum were 

concentrated through ultracentrifuge (Sorvall WX Ultra 100, Thermo Scientific) with successive 

centrifuges at ultrahigh speeds up to 100,000 x g. All centrifuges were performed at 4 °C. Briefly, 

colostrum was centrifuged for 10 min at 2,000 x g. The upper layer of fat globules and the pellet of 

dead cells were discarded, only the supernatant was collected. Thereafter, the supernatant was 

ultracentrifuged at 10,000 x g for 30 min to remove cell debris, and as in the previous step, pellet (cell 

debris) was discarded while the supernatant was collected and used for the following step. The 

supernatant was then subjected to two consecutive ultracentrifugations at 100,000 x g for 70 min to 

purify exosomes. After the first of the two 100,000 x g ultracentrifugations, pellet containing exosomes 

and contaminating proteins was collected, and the supernatant was discarded. The resultant pellet 

was resuspended in a large volume of filtered PBS to thrown away the contaminating proteins and 

centrifuged at least for 70 min at the same high speed to wash the exosome pellet.   

The characterization of exosomes was performed with a light scattering according to [21,22]. 

Measurements were performed with a homemade apparatus using a quartz scattering cell, confocal 

collecting optics, a Hamamatzu photomultiplier mounted on a rotating arm, a BI-9100AT hardware 

correlator (Brookhaven Instruments Corporation) and illuminating the sample with a 660 nm laser. 

The power ranged between 5 and 15mW. Low power intensity was used to avoid convective motions 

due to local heating.   

2.4. Colostrum- derived exosomes imaging with Scanning Electron Microscopy  

Pellets containing exosomes isolated from colostrum were vortexed and resuspended in 2.5% 

EMS-quality glutaraldehyde in PBS for 15 min at 4 °C. Subsequently, 500 l of sample was 

resuspended in 1.5 ml of PBS and brought to volume to be ultracentrifuged at 100,000 xg (23,200 rpm) 

for 1h at 4°C.  After the samples were dehydrated with alcohol at 50° and 100° (always after 

ultracentrifugation at 100,000 xg (23,200 rpm) for 1h at 4°C). After collecting the pellets left to air dry 

overnight on specific carbon fiber-covered stubs and observed by SEM (Coxem EM-30 plus). 

2.5. GF20 preparation and detection of bioactive factors by ELISA 

The sample was processed according to the procedure described by [23]. The concentrations of 

factors of GF20 (Table 1) were determined using commercially available ELISA tests specific for 

human molecules. Since the samples used came from non-human matrices, specifically from bovine, 

it was necessary to validate the ELISA tests used. We evaluated the use of the commercial 

immunometric methods QUANTIKINE human IGF-1 Immunoassay (DG100B) and QUANTIKINE 

human TGF-β1 Immunoassay (DB100B) (S1, S2). This validation is possible due to degree of analogy 
sequential between the human-derived molecule and the bovine-derived molecule (95% for IGF-1 

and 94% for TGF- β). All procedures were performed according to the instructions of the 

manufacturer. 

Table 1. Growth factors and cytokines detected by Elisa in GF20. 

Growth factors and cytokines detected by ELISA 

-  EOTAXIN-CCL11 

Insulin-Like Growth Factor 1 (IGF-1) -  
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basic Fibroblast Growth Factor (bFGF) Nerve Growth Factor (NGF) 

Vascular Endothelial Growth Factor (VEGF) Gamma Interferon (INF-  

Epidermal Growth Factor (EGF) Bone Morphogenetic Protein 2 (BMP-2) 

Platelet-Derived Growth Factor (PDGF) Stromal Cell- -  

Keratinocyte Growth Factor (KGF) Interleukin-2 (IL-2) 

Hepatocyte Growth Factor (HGF) Interleukin-4 (IL-4) 

Granulocyte Macrophage-Colony Stimulating 

Factor (GM-CSF) 
Interleukin-6 (IL-6) 

Granulocyte-Colony Stimulating Factor (G-CSF) Interleukin-17A (IL-17A) 

2.6. AMPLEX PLUS technology preparation 

To obtain AMPLEX PLUS technology in 5 mL of water were added 20 billion exosomes 

previously isolated from colostrum and 200 mg of GF20. 

2.7. In vitro culture of human hair follicle 

Human follicles were micro dissected and isolated from the occipital scalp during hair 

transplantation procedures of 10 healthy male individuals. All individuals signed informed consent, 

according to the Helsinki Declaration (2001). Intact and anagen phase VI follicles, observed and 

selected by stereomicroscopy, were cultured in 24-well plates (1 per well) with 500 µl Williams E 

medium (Gibco BRL, Rockville, MD, USA), with insulin 10 µg ⁄ ml, hydrocortisone 10 ng ⁄ ml, 

streptomycin 10 µg ⁄ ml and penicillin 100 U ⁄ ml (Wuppertal, Germany), at 37°C and 5% CO2. A total 

of 72 follicles were distributed in different plates to test a different matrices previously dissolved in 

Williams E. medium. The growth parameters of the follicles were analyzed every 3 days for 18 days. 

Hair length was assessed using an inverted microscope (LEICA DM IRB) and the images obtained 

were measured using ImageJ. Three replicates were performed. 

2.8. Identification and analysis of hair follicle derma papilla cells  

After 18 days of exposure, hair follicles were stained with DAPI to highlight the nuclei in blue 

and allowed them to be identified. We used a fast-staining method of hair follicles that required to 

place the samples directly on microscope slides, upon which a drop of DAPI (Sigma-Aldrich) was 

added. A coverslip glass was applied, and the hair follicles were immediately visualized under the 

fluorescence microscope (Nikon Eclipse Ci) with a magnification of 10x.  

3. Results 

3.1. Characterization of Plant-Derived NanoVesicles 

Plant-Derived NanoVesicles of C. bergamia within the separated and purified suspension 

showed a range of 182.5 ± 1.3 nm. The PDNVs concentration were 2x1010 mL-1. 

3.2. Characterization of CBSCs-derived exosomes 

The isolated CBSCs-derived exosomes showed a spherical morphology and a diameter between 

30 and 120 nm and a concentration of 3.4 × 109 particles/ml. 

3.3. Characterization of colostrum-derived exosomes 

Exosomes were obtained from bovine colostrum collected in the first 6 h. The particle size was 

verified by dynamic light scattering (DLS) and morphology verified by scansion electron microscopy 

(SEM) (Figure 1). The average diameter size was 90-120 nm and exosomes presented a spherical 

morphology. The concentration mean was 4.2 x 1012 particles/mL. 
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Figure 1. Colostrum exosomes characterization. (a) Analysis of size and concentration by DLS; (b) 

observation of exosomes morphology by SEM. 

3.4. Bioactive components of colostrum 

All bioactive factors were measured in colostrum after lyophilization. In Figure 2 are reported 

the concentration (pg/mL) of main bioactive substances such as cytokines and growth factors, isolated 

from GF20. The graph showed that all components found in colostrum had an elevated concentration, 

especially GM-CSF, bFGF, TGF-ß, for which the concentrations, expressed in logarithmic scale 

corresponded to 3.963 ± 0.38, 3.955 ± 0.492, 3.5 ±0.15, respectively. All measurements obtained are 

shown in Table 2S. 

 

Figure 2. Concentrations of the main bioactive factors present in GF20, expressed on a logarithmic 

scale. 

3.5. In vitro culture of human hair follicle 
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The biological model used for this test is represented by hair follicles micro-dissected from 

fragments of human skin. The purpose of the test is to verify the growth of the hair follicle in the 

presence or absence of the substances to be tested: the hair follicles were grown in the William culture 

medium without adding other compositions (negative control) and in the same culture medium with 

the addition of all tested exosomes. However, samples exposed to exosomes from various matrices 

showed a significant difference in the width of germinative growth area of the hair bulb compared 

to the negative control. As shown in the Figure 3, the higher growth was highlighted in the samples 

treated with, primarily, AMPLEX PLUS, followed by GF20. Minor germinative area expansion was 

noted in bulbs treated with colostrum exosomes applied alone, followed by CBSCs-derived exosomes 

and, finally, Plant-Derived Nanovesicles. This evidence was also confirmed by analysis of the nuclei 

in the dermal papilla detected by DAPI. As shown in Figure 4, a progressive increase in the number 

of cells was found in samples treated with colostrum exosomes, GF20 and AMPLEX PLUS. The 

images obtained were analyzed using ImageJ software, which provided the fluorescence intensity. 

The graph in Figure 5, showed a significant increase in the measured parameter indirectly related to 

the number of cells, in samples treated with colostrum exosomes (25.477 ± 0.02, * p < 0.05), GF20 

(43.766 ± 0.02, ** p < 0.01) and AMPLEX PLUS (57.632 ± 0.02, ** p < 0.01) compared to CTRL (17.984 ± 

0.02), plant derived nanovesicles (19.463 ± 0.03) and CB-SCs exosomes (21.244 ± 0.04).  

 

Figure 3. In vitro culture of human hair follicle. (a) CTRL; (b) samples exposed to Plant-Derived 

NanoVesicles; (c) samples exposed to CBSCs exosomes; (d) samples exposed to colostrum exosomes; 

(e) samples exposed to GF20; (f) samples exposed to AMPLEX PLUS technology. The red arrow 

indicates the expanding germinative area of hair bulb. 
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Figure 4. Hair follicles staining with DAPI and identification of papilla dermis cells. (a) CTRL; (b) 

samples exposed to Plant-Derived NanoVesicles; (c) samples exposed to CBSCs exosomes; (d) 

samples exposed to colostrum exosomes; (e) samples exposed to GF20; (f) samples exposed to 

AMPLEX PLUS technology. The red arrow indicates the expanding germinative area of hair bulb. 

 

Figure 5. Analysis of fluorescnce intensity of hair bulb papilla by ImageJ. Statical differences were 

indicated with the symbol * (p < 0.05), while more significant data were reported with the symbol ** 

(p < 0.01). 

The growth of the hair follicle was followed for 18 days, measuring its length at regular intervals 

(every 3 days). The results demonstrated the effectiveness of the AMPLEX PLUS and GF20 blend 

compared to the other compounds tested (Figure 4). Specifically, at the end of treatment, the hair 

follicle exposed to AMPLEX PLUS measured 3.22 ± 0.18 mm, while those exposed to the new GF20 

showed a length of 2.81 ± 0.16 mm. Lower growth was evidenced following treatment with: colostrum 

exosomes used alone in which the length corresponded to 2.31 ± 0.15 mm, plant derived nanovesicles 

with a length of 1.72 ± 0.14 mm, CB-SCs exosomes with a length corresponding to 1.96 ± 0.16 mm. 

Finally, the negative control exhibited a value of 1.83 ± 0.13 mm. It can be seen from the graph that 

highly significant values (** p < 0.01) were obtained following AMPLEX PLUS and GF20 treatment 
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from day 12. Treatment with colostrum exosomes also showed a significant (* p < 0.05) increase in 

the measured parameter, but lower than the two previously mentioned compounds. In contrast, no 

significant difference was highlighted in follicle growth in the samples treated with CBSCs exosomes 

and PDNVs, compared with the untreated negative control. 

 

Figure 6. Comparison of hair length variation between samples exposed to exosomes from different 

matrices. Statical differences were indicated with the symbol * (p < 0.05), while more significant data 

were reported with the symbol ** (p < 0.01). 

 

Figure 7. Observation of hair bulb length in CTRL and in samples exposed to AMPLEX PLUS at day 

0 - 12 -18. 

4. Discussion 

Alopecia is a highly prevalent in society and beyond its sociological meaning, it has become a 

very important part of self-identity, causing a negative impact on individual’s life [24]. In recent 

years, research in this field has focused on developing possible treatments that could stimulate hair 

follicle growth in the anagenic phase. Particular attention was reserved for the use of exosomes, 

which are known to act as cargoes for the transport of bioactive molecules, some of which involved 

in regenerative mechanisms [25]. The purpose of the present study was to investigate the potential 
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hair growth stimulatory effects of exosomes or nanovesicles isolated from various matrices, including 

plants, embryonic stem cells, and colostrum. Plant nanovesicles and stem cell exosomes have already 

been extensively studied and characterized in previous years by several Authors [26,27]. Plant 

derived nanovesicles had already demonstrated their regenerative function, particularly, in the 

context of skin repair mechanisms, and their action as scavengers in reducing oxidative stress [28,29]; 

PDNVs biological properties include also anti-proliferative and pro- apoptotic effects which account 

for their anticancer activities [30–32]. Anti-cancerous and anti-inflammatory properties have also 

been investigated for stem cells [33–36]. Their possible role in the dynamics of hair follicle growth, 

however, has not been discussed. Exosomes from these matrices have not yet been investigated 

regarding their possible effects on hair regeneration, whereas interesting results have been achieved 

with exosomes and factors present in colostrum, using mouse models [37,38]. 

The preliminary part of our study was focused to the isolation and characterization of exosomes 

derived from colostrum, whose size and concentration corresponded to 90-120 and 4.2 x 1012 

particles/mL, respectively. Compared with those obtained from plants nanovesicles and exosomes 

from stem cells, colostrum derived exosomes appear to have higher concentrations (particles/mL), 

while the average size was lower than in C. Bergamia, but higher than CBSCs exosomes. However, 

exosomes derived from the matrices in comparison exhibited a similar and regular spherical 

morphology. Following isolation and characterization, colostrum exosomes known for their high 

biocompatibility [39–41], were combined with bioactive molecules present in GF20, a mixture isolated 

from colostrum and purified from potentially allergenic components, e.g., immunoglobulins [42–44] 

and molecules not involved in tissue regeneration mechanisms. Thus, GF20, as described in our study 

by ELISA test, is composed of a high variety of growth factors, cytokines and other protein molecules 

known to act synergistically during the hair follicle growth process. bFGF and TGF-ß showed, among 

the characterized factors, showed the highest concentrations. These growth factors are crucial in 

providing a substantial help in regenerating hair tissue, and each of them is engaged in an explicit 

biomolecular activity. bFGF promotes hair growth by inducing the anagen phase stimulating the 

proliferation of papilla cells, leading to an increase in the size of the hair follicle [45]. TGF- ß plays a 

crucial role in regulating hair growth: in hair follicles it is involved in the development of the dermal 

papilla and hair matrix during the anagen phase, but also in the apoptotic process that characterizes 

the catagen phase, accompanied by the removal of the hair shaft from the dermal papilla [46].    

The final goal of the present work was to evaluate the effects a new technology called AMPLEX 

PLUS that combines the action of colostrum-derived exosomes with the growth factors and cytokines 

of GF20. The stimulatory effect on hair growth was evaluated through an in vitro test involving 

treatment for 18 days. At the end of the exposure, AMPLEX PLUS and GF20 resulted not only in an 

extension of follicle growth compared to all other compounds tested, but also in an increase in the 

number of dermal papilla cells. The positive results observed could be related partly to the action of 

the exosomes and partly to that of the free factors. The exosomes, in fact, act as carriers of the same 

free factors present in GF20 and, by fusing with the plastic membranes of the target cells, release their 

contents. This caused more factors to recognize specific receptors, triggering the enzymatic cascades 

that ultimately leaded to the stimulation of hair growth.  

5. Conclusions 

Based on the results obtained, exosomes from plants and stem cells had no significant effect on 

the stimulation of hair growth, unlike exosomes from colostrum. In contrast, these exosomes 

combined with bioactive molecules with regenerative potential in the final product AMPLEX PLUS 

resulted in a significant increase in bulb growth and regeneration of the dermal papilla. This evidence 

could represent the key to implement current treatments solving the problem of hair loss, with 

consequent positive impact on the quality of life and psychological sphere of subjects suffering from 

alopecia or other conditions characterized by limited follicular growth. 
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