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Abstract 
Background: Progressing androgenetic alopecia (AGA), in both sexes, can 
result in severe distress. Treatments with the capacity to slow down the pro-
gression of AGA, or even to bring it to a halt, and at the same time don’t 
come with side effects are consequently highly sought for. Therefore this 
study investigates the effect of an over-the-counter nutritional supplement 
and a similarly formulated topical hair lotion on the progression of AGA. 
Methods: Seventy-nine healthy study participants of both sexes, who were 
diagnosed with AGA were divided into 4 study groups. The subjects of the 
first group were treated with the nutritional supplement, the subjects of the 
second group with the topical hair lotion, the subjects of the third group with 
both products, and the subjects of the fourth group served as a no-treatment 
control. At the beginning and at the end of this nine-month study, the par-
ticipants were evaluated for their hair loss status. They also answered a ques-
tionnaire for self-assessment. A part of the subjects from each study group 
were further analysed by phototrichography, in order to measure the number 
of anagen and telogen hairs. Results: It turned out that the supplement, the 
lotion as well as the treatment with both products not only lead to a reduction 
in hair loss but also to an increased anagen to telogen hair ratio, whereas no 
such effects could be measured for the control group. Conclusion: The re-
sults show that a systemic delivery via a nutritional supplement, as well as a 
follicular delivery via a topically applied lotion, both resulted in a reduced 
hair loss rate as well as in an increased anagen to telogen hair ratio. This de-
monstrates that the tested formulation is effectively slowing down the pro-
gression of AGA. 
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1. Introduction 

The most common form of hair loss, androgenetic alopecia (AGA), is affecting 
men as well as women. It mostly progresses in a patterned way, specific for the 
sexes: male pattern hair loss and female pattern hair loss [1]. The underlying 
processes are complex and only partly understood. Some of the main known 
factors are related to androgens. The main driver in male pattern hair loss is the 
fact that specific hair follicles over time become more sensitive towards dihy-
drotestosterone. Physiologically, this sensitivity will lead to miniaturising of the 
follicles, turning terminal hair into vellus hair [2]. The induced molecular 
processes will weaken the supply of the follicles with nutrients. In women hair 
loss can also specifically occur post-partum or after stopping oral contraceptive 
therapy [3] [4], also pointing towards a hormonal influence in hair loss. Addi-
tionally to this underlying driver, several risk factors are known. These can be 
age, family history, malnutrition, smoking, stress, or heavy UV radiation expo-
sure [5] [6] [7] [8]. 

A head full of healthy hair signals attractiveness. People affected by hair loss 
thus often experience psycho-emotional stress [9]. Sufferers from hair loss, 
therefore, are seeking for an effective treatment, which is free from side effects. 
Nutrition has a profound impact on the hair condition and hair loss, as is clear 
from cases of hair loss caused by severe malnutrition [10]. The effects of vita-
mins, minerals, and physiological as well as plant secondary metabolites from 
nutrition or nutritional supplements on hair loss are still barely understood in 
detail and thus more scientific evidence is needed here [8] [11] [12]. 

In this study, we were testing the effect a food supplement and a similarly 
formulated topical hair lotion have on the progression of AGA. We did this by 
comparing a non-treated control group with groups that were treated either with 
the nutritional supplement TRX2®, with the topical TRX2® Hair Revitalising Lo-
tion, or with both, in subjects diagnosed with AGA, and follow the progression 
of hair loss in these subjects over a period of nine months. By including the top-
ical TRX2® lotion in the study, we were also investigating the efficacy of deliver-
ing nutrients topically via the scalp. 

The main ingredients of both products are L-carnitine, zinc, niacin, biotin, 
and the branched-chain-amino-acids L-leucine, L-isoleucine and L-valine. Sele-
nium is only provided by the nutritional supplement. The TRX2® products are 
providing L-carnitine as L-carnitine tartrate. It is the major ingredient in both 
formulations. The supplement provides 800 mg L-carnitine tartrate per day (544 
mg L-carnitine per day), and the hair lotion is formulated with >2% L-carnitine 
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tartrate. Foitzik et al. [13] [14] reported earlier the effect L-carnitine tartrate has 
on hair growth. They showed the ability of L-carnitine tartrate to increase hu-
man hair growth in vitro. Increased hair shaft elongation was based on the 
up-regulation of the proliferation of hair matrix keratinocytes, and on the reduc-
tion of keratinocyte apoptosis. These effects lead to a prolonged anagen phase 
[13]. A six-month study on the in vivo application of a topical solution with 2% 
L-carnitine tartrate showed an increased hair density of terminal hair and an in-
creased anagen to telogen hair ratio [14].  

Zinc is another ingredient of importance that is present in both products. It 
has long been suspected to play a role in hair loss [12]. Serum zinc levels have 
been found to be reduced in subjects with AGA [15] [16]. Ozturk et al. [17] 
didn’t find reduced serum zinc levels in male subjects with AGA, but detected 
significantly reduced zinc levels in hair. The exact connection between zinc and 
AGA is still debated, but it seems that disturbances of the zinc metabolism are 
associated with hair loss. Some cases show that hair loss can be successfully 
treated with zinc supplementation (e.g. [18]).  

Similarly to zinc is the trace element selenium connected to hair loss. Sele-
nium is required for the activity of important enzymes from the groups of glu-
tathione peroxidases, thioredoxin reductases and iodothyronine deiodinases. 
These selenoenzymes take part either in the antioxidant protection of cells, in 
the modification of the redox status and the thyroid hormone metabolism [19]. 
As a lot of risk factors of hair loss, like smoking, stress or UV radiation exposure 
are associated to the damaging effect of reactive oxygen species (ROS) [20] [21], 
a compromised antioxidant-defence system, due to selenium deficiency, will 
likely worsen the negative effects of these risk factors.  

Both products also provide niacin, a form of vitamin B3. It has been shown 
that a nicotinamide-rich diet leads to an increased expression of sulfonylurea 
receptor SUR2, an ATP-binding subunit of ATP-sensitive potassium channels 
[22]. A lot of evidence highlights the role such potassium channels play in AGA 
and hair loss in general [23] [24]. SUR2 subunits are also expressed in hair fol-
licles [24], which might explain, why topically applied niacin derivatives im-
prove the hair status in women with AGA [25]. 

Potassium channels are membrane proteins, which are composed to a high de-
gree of hydrophobic amino acids. To these belong the three essential, branched 
chain amino acids L-leucine, L-isoleucine and L-valine. These three amino acids, 
but primarily L-leucine, stimulate protein synthesis [26]. Supplying these amino 
acids to the hair follicles therefore provides some of the building blocks of potas-
sium channels and at the same time also increases general protein synthesis, 
thereby supporting the hair follicles’ ability to increase potassium channel func-
tion. 

Biotin supplementation has long time being discussed as helpful in hair 
growth disorders. A recent meta-analysis conducted by Patel et al. [27] con-
firmed the positive influence biotin has on hair and nail growth disorders. 
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2. Materials and Methods 

Study subjects 
This 9-month study included 4 study groups: 1) the TRX2® supplement group, 

2) the TRX2® lotion group, 3) the TRX2® supplement and lotion group, and 4) 
the no-treatment control group. Each group was set up with 20 study subjects of 
both sexes. During the course of the study one subject from the control group 
dropped out, so that overall 79 subjects took part in the study. Table 1 gives an 
overview of the study participants. 

The inclusion criteria were: age 18 and older, suffering from AGA, healthy 
skin. 

The exclusion criteria were: severe or chronic skin inflammation, serious in-
ner or chronic diseases, intake of drugs that can possibly interfere with skin 
reactions, application of pharmaceutical or skin care products with active ingre-
dients until 10 days before testing, allergies or severe side effects after usage of 
cosmetic products, sunbath or usage of tanning bed during the study period, 
known cancer, pregnancy or lactation period, taking of medication with poten-
tial effect on hair growth.  

The included study subjects were diagnosed with AGA and displayed a Ham-
ilton-Norwood status [28] [29] of II to V for men and a Ludwig status of I to II 
for women [30].  

The study was conducted in accordance with the standards of the Declaration 
of Helsinki and was approved by the ethics committee of the Freiburger 
Ethik-Kommission International (FEKI, feki Code: 016/1224). All participating 
study subjects were informed about the design and aim of this study, and written 
consent was obtained.  

Treatments 
The group 1-treatment with the TRX2® supplement supplied, via three hard 

shell capsules, per day: 544 mg L-carnitine, 150 mg L-leucine, 100 mg potassium, 
75 mg L-isoleucine, 75 mg L-valine, 40 mg nicotinamide, 15 mg zinc, 150 µg 
biotin, and 75 µg selenium.  

The group 2-treatment is the topical application of the TRX2® lotion to the af-
fected areas of the scalp. The TRX2® lotion is an aqueous solution, which  
 
Table 1. Overview over study participants. 

Study Group 

Gender Age Duration of Hair Loss* 

Male Female 
Mean 
(years) 

Range 
(years) 

Mean 
(years) 

Range 
(years) 

1) TRX2 supplement 15 5 38.2 21 - 62 4.0 0.5 - 10 

2) TRX2 lotion 16 4 37.6 22 - 74 4.0 1.0 - 20 

3) TRX2 supplement & lotion 15 5 35.7 21 - 64 4.8 0.5 - 15 

4) No-treatment control 14 5 42.5 26 - 67 5.0 0.5 - 20 

Sum 60 19 38.4 21 - 74 4.4 0.5 - 20 

*These data are based on self-report and are therefore prone to possibly inaccurate memory. 
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provides all ingredients from the TRX2® supplement besides selenium: 
L-carnitine, L-leucine, potassium, L-isoleucine, L-valine, nicotinic acid, zinc, and 
biotin. It additionally provides methylsulfonylmethane (dimethyl sulfone). One 
mL of the lotion was applied to the area of thinning hair twice a day, in the 
morning and before bedtime. 

The treatment of the subjects of group 3, the TRX2® supplement and lotion 
group, included the treatments of group 1 and 2. 

The subjects of group 4 stayed untreated. 
Study outline 
At the beginning of the study, the subjects were evaluated regarding their 

scalp and hair loss status by a dermatologist. Five randomly chosen subjects of 
each group were further analysed via phototrichography [31]. After 9 months of 
the respective treatment, all subjects were analysed again for their scalp and hair 
loss status, and the same five subjects were analysed via phototrichography 
again. In order to investigate the tolerability of the treatments, the study partici-
pants were additionally dermatologically evaluated after 3, 5, and 7 months. All 
subjects answered a questionnaire for self-assessment. Here they were asked to 
report adverse reactions to the supplement or the lotion and changes regarding 
their hair status over the period of the study. Pictures from the top view of the 
head were taken from all subjects at the beginning and the end of the study for a 
before-after comparison. 

Phototrichography 
The software TrichoScan® HD (DermoScan GmbH) [31] was used to evaluate 

hair loss. The following pre-treatment of the measuring area on the scalp was 
carried out:  

Per subject, a measuring area was selected in the transition zone between alo-
pecia and regularly hirsute scalp. Using a hole mask, the later measuring area 
was determined. The hair was threaded through the hole mask and roughly 
shortened with a pair of scissors. With the Moser shaver (TrichoScan® Edition), 
the shortened hair was shaved to an even length of 0.8 mm. For this purpose, the 
razor is moved at a 90˚ angle to the scalp without pressure.  

The dyeing of the hair takes place two days after shaving: The hair dye (Gold-
well Topchic 2N) was placed on a wooden spatula. The same amount of the de-
veloper (creme oxide) was added to the hair dye (1:1 mixture). Hair dye and de-
veloper were mixed well until they reach a creamy consistency. The dyeing mass 
is applied to the measuring area (scalp skin) of the subject and left on there to 
act for 15 minutes. After the contact time, the dyeing mass was removed coarsely 
with a swab, and the measuring area is cleaned very carefully with an alcoholic 
tincture (e.g. Kodan spray) and/or a soft swab.  

The camera of the TrichoScan® HD is used to record the image files. The im-
ages must be free of air bubbles and surrounding hair. For the recording of the 
images, the measuring area is well moistened (Kodan spray). The parameters 
hair density [1/cm2], anagen hair [%], telogen hair [%], proportion of vellus hair 
[%] and proportion of terminal hair [%] are determined using the TrichoScan® 
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HD software. Per subject, one test area is measured on the scalp. Per test area, 
two images are evaluated by means of the TrichoScan® HD analysis.  

Hair loss determination 
Hair loss was determined by counting lost hairs after combing. This was done 

as follows: After washing the hair, the still damp hair was thoroughly combed 
through. The hairs were collected and provided by the subject. Lost hairs were 
counted by the qualified study nurse. Counting took place at the indicated time 
points. The average per cent change in hair loss was calculated in the following 
way: The per cent change in hair loss from the beginning of the study to its end 
was determined for each study subject. Then the means of these values were 
calculated for each study group. 

3. Results 

TRX2® treatments reduce hair loss 
As food supplements may be a side-effect-less option for the treatment of 

AGA, we investigated the effects of an L-carnitine based food supplement and a 
similarly formulated topical hair lotion on the progression of AGA in compari-
son to an untreated control. 

When comparing the hair loss status of the four study groups after 9-month, 
to the baseline, it turned out that on average all three groups that received a 
treatment, had a reduced hair loss rate, but not the no-treatment control. As is 
depicted in Figure 1 the average per cent hair loss reduction was in group 1 
(supplement) −35.4%, in group 2 (lotion) −38.8%, and in group 3 (supplement 
and lotion) −31.0%, whereas in group 4 (no-treatment control) the average per 
cent hair loss had increased by +23.7%. 
 

 
Figure 1. Average per cent change in hair loss. The average per cent change in hair loss 
after 9 months, compared to the baseline, for each of the four study groups is shown here: 

: Study Group 1—TRX2® supplement: −35.4%; : Study Group 2—TRX2® lotion: 
−38.8%; : Study Group 3—TRX2® supplement and lotion: −31.0%; : Study Group 
4—no-treatment control: +23.7%. 
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In accordance with the hair loss determination is the fact that 75% of the 
study subjects from group 1 to 3 reported a reduced hair loss at the end of the 
study compared to its beginning. Also, 67% of them reported that they perceived 
their hair healthier at the end of the study.  

TRX2® treatments increase the anagen to telogen hair ratio 
The higher the hair loss rate is, the lower is the ratio of anagen to telogen hairs 

(A/T ratio). Because in the treatment groups 1 to 3 a reduced hair loss was rec-
orded, a higher A/T ratio should be expected. Indeed, that is exactly what the 
phototrichography found out. As is shown in Figure 2, the average per cent 
change in the anagen to telogen hair ratio was in group 1 (supplement) +55.1%, 
in group 2 (lotion) +39.4%, and in group 3 (supplement and lotion) +63.5%, 
whereas in group 4 (no-treatment control) the average per cent change in the 
A/T ratio decreased by −3.9%. 

Exemplary cases 
Figures 3-6 show each one exemplary case from each of the four study 

groups, respectively. Given are the before and after pictures of the head top-view 
and the TrichoScan® images as well as their analysis. These examples demon-
strate and underline the above-shown effects on the progression of AGA in the 
four study groups. 

Skin tolerance and compatibility 
During the course of the study all of the 60 study participants who received 

treatment with the supplement and/or the hair lotion were found to tolerate the 
products very well under dermatological and clinical criteria. There were no un-
desired or even pathological skin reactions in the test area. 
 

 
Figure 2. Average per cent change in A/T ratio. The average per cent change in the ana-
gen to telogen hair ratio after 9 months, compared to the baseline, for each of the four 
study groups is shown here: : Study Group 1—TRX2® supplement: +55.1%; : Study 
Group 2—TRX2® lotion: +39.4%; : Study Group 3—TRX2® supplement and lotion: 
+63.5%; : Study Group 4—no-treatment control: −3.9%. 
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Figure 3. Exemplary case from study group 1 (supplement). Male study subject, 37 years 
old, diagnosed with AGA, Norwood I. A and B: Before/after pictures: A: Taken at the be-
ginning of the study; B: taken at the end of the study. C and D: TrichoScan® images: C: 
baseline at the beginning of the study; D: after 9 month of treatment with TRX2® food 
supplement. Whereas the total number of hairs was reduced by −1.9%, and the number of 
vellus hairs decreased by −44.9%, the numbers of terminal hair increased by +12.4%. 
During the study period the anagen hair rate increased from 75.1% to 86.1%. 
 

 
Figure 4. Exemplary case from study group 2 (hair lotion). Male study subject, 26 years 
old, diagnosed with AGA, Norwood IV. A and B: Before/after pictures: A: Taken at the 
beginning of the study; B: taken at the end of the study. C and D: TrichoScan® images: C: 
baseline at the beginning of the study; D: after 9 month of treatment with TRX2® Hair 
Revitalising Lotion. The total number of hairs increased by +12.7%, the number of vellus 
hairs increased by +350%, and the numbers of terminal hair increased by +9.1%. During 
the study period the anagen hair rate increased from 31.0% to 58.0%. 
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Figure 5. Exemplary case from study group 3 (supplement and hair lotion). Male study 
subject, 46 years old, diagnosed with AGA, Norwood V. A and B: Before/after pictures: A: 
Taken at the beginning of the study; B: taken at the end of the study. C and D: TrichoS-
can® images: C: baseline at the beginning of the study; D: after 9 month of treatment with 
TRX2® supplement and Hair Revitalising Lotion. The total number of hairs increased by 
+31.6%, the number of vellus hairs decreased by −32.3%, and the numbers of terminal 
hair increased by +117.3%. During the study period the anagen hair rate increased from 
38.8% to 64.4%. 
 

 
Figure 6. Exemplary case from study group 4 (no-treatment control). Male study subject, 
59 years old, diagnosed with AGA, Norwood V - VI. A and B: Before/after pictures: A: 
Taken at the beginning of the study; B: taken at the end of the study. C and D: TrichoS-
can® images: C: baseline at the beginning of the study; D: after 9 month. The total number 
of hairs decreased by −24.1%, the number of vellus hairs decreased by −24.4%, and the 
numbers of terminal hair decreased by −30.0%. During the study period the anagen hair 
rate decreased from 76.9% to 75.2%. 
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4. Discussion 

In order to test the ability of a nutritional supplement and a similarly formulated 
topical lotion to positively influence the progression of AGA, we tested the 
TRX2® nutritional supplement and the TRX2® Hair Revitalising Lotion, over a 
period of nine months, in a setting with four study groups, from which one 
served as a no-treatment control. It turned out that the supplement, the lotion, 
as well as the treatment with both products, not only lead to a reduction in hair 
loss but also to an increased anagen to telogen hair ratio, whereas no such effects 
could be measured for the control group.  

Our results reported here (Figure 1 and Figure 2), especially from the usage 
of the TRX2® Hair Revitalising Lotion, are in line with the findings from Foitzik 
et al. [13] [14] on the in vitro as well as in vivo effect of L-carnitine tartrate on 
hair growth. As both products additionally provide zinc, niacin, biotin, and the 
branched chain amino acids L-leucine, L-isoleucine and L-valine, which are also 
connected to a good hair status, the measured effects are likely dependent on 
additive or even synergistic effects of the mentioned ingredients.  

The similar effects resulting from the treatments with the supplements and 
with the lotion clearly indicate that the topical application successfully delivers 
the active ingredients to the hair follicle to a similar degree as the systemic ap-
plication. Whereas it is unlikely that the topical preparation as such immediately 
and directly reaches the hair bulb region, it has been shown that drug delivery to 
the skin occurs also through the hair follicles [32]. Thereby the sebaceous gland 
serves as a long-term reservoir [33]. In the case of topically applied caffeine, its 
delivery could be shown after only 5 minutes, but only with open hair follicles. 
In the case, these had been blocked, significant amounts of caffeine needed 
about 30 minutes to be detected [34]. If the provided concentrations of the ac-
tives are high enough, and the topical product is repeatedly applied as a leave-on 
product, like in the current study, we believe that sufficient amounts of actives 
reach the hair bulb. Generally, it can be stated that follicular targeting of actives 
is becoming a promising tool in dermatotherapy [35]. 

The obtained data do not allow evaluating, whether the TRX2® treatments 
work with different efficacy in men and women, as the number of participating 
women was too low. 

Due to the emotional stress, which AGA creates, effective solutions that are 
free of side effects are in high demand. This study shows that a systemic delivery 
via a nutritional supplement, as well as a follicular delivery via topical applica-
tion, of a combination of L-carnitine tartrate, zinc, niacin, branched chain amino 
acids and biotin, resulted in a reduced hair loss rate as well as in an increased 
anagen to telogen hair ratio. This proves that the tested formulation is effectively 
slowing down the progression of AGA. This immediately leads to the conclusion 
that such treatments are most effective when used from the early stages of AGA 
on. Further studies can help to elucidate the age, gender or speed of progression 
of hair loss, which is most responsive to the TRX2® treatment. 
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