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Abstract
Background: Hair loss is an emotional and stressful condition with an unpredictable profound impact on the social interactions
of patients.
Objectives: This study aimed to evaluate the effect of grape sap on apoptosis in hair follicles.
Methods: This experimental study was performed on 126 male Wistar rats within a weight range of 30 ± 250 g. The rats were assigned into seven groups, namely bleomycin group, normal saline group, grape sap group (1 mg/kg), grape sap group (10 mg/kg),
grape sap group (100 mg/kg), minoxidil group, and minoxidil plus grape sap group (100 mg/kg). The rats received bleomycin (1.7
mL/kg, four times with the interval of 5 days) and then were treated with grape sap for 21 days. The skin samples were taken from
rats on days 7, 14, and 21 (i.e., the last day of the treatment).
Results: The results showed a significant increase in the groups treated with grape sap, compared to the bleomycin-treated group
in terms of the number of follicles, sebaceous glands, and blood vessels at the base of every follicle, hair growth length, total antioxidant capacity, and BCL2 gene expression. The use of grape sap showed beneficial effects on the reduction of hair fall.
Conclusions: According to the results, it seems that grape sap can be employed as a non-chemical drug due to its rich compounds,
especially antioxidants, and decreases apoptosis in hair follicle cells through increasing the expression ratio of BCL2/BAX, thereby
stimulating hair growth.
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1. Background
Hair is regarded as one of the most important parts of
the human body. It also plays a crucial role in providing insulation to the body, a sense of beauty, and self-confidence
in the individuals (1, 2). Despite multiple drug therapies,
many individuals still suffer from hair loss or slow hair
growth (3). Hair loss can be related to emotional stress or
anxiety in humans (4).
Although dead or dormant hair follicles in humans are
not considered traumatic events, they have a profound impact on the social interactions and mental health of patients (5, 6). Moreover, hair loss is one of the most important problems that psychologically affect cancer patients
undergoing chemotherapy. This disorder may also hinder

their treatment process (7-9). Therefore, it is essential to
provide the patients with a treatment that can prevent further hair loss with fewer side effects (10, 11).
There are different combinations (e.g., minoxidil and
finasteride) that are currently utilized for hair loss treatment; however, the aforementioned combination therapy
has been reported ineffective due to severe side effects and
non-persistent positive effects after stopping the medication (12, 13). In recent years, herbal medicines have been
used in most countries and have replaced conventional
medical treatments in many cases (14). The importance of
focusing on complementary medicine is crucial due to the
severe side effects of current hair loss treatments. Therefore, it is essential to present medicinal herbs which prevent hair loss and encourage new hair growth without
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drug-related side effects (15-17).
Grape sap is a liquid that flows in early spring when
the grapevine branches are severed. This liquid has antioxidant and anti-inflammatory properties and contains
water, glucose, fructose, calcium, potassium, iron, magnesium, phosphate, tartaric acid, citric acid, fumaric acid,
malic acid, succinic acid, vitamin B1 , vitamin B6 , glutamic
acid, glutamine, proline, and alanine (18). With this background in mind, this study aimed to evaluate the effect of
grape sap on apoptosis in the hair follicles of rats.
2. Methods
With regard to the standard ethical guidelines (National Institutes of Health, publication no. 85 - 23, revised
1985; European Communities Directive 86/609/EEC) and
approved by the Local Ethics Committee of Rafsanjan University of Medical Sciences, 126 male Wistar rats within the
weight range of 30 ± 250 g were acquired from the Animal House of Rafsanjan University of Medical Sciences,
Kerman, Iran. The rats were fed with sufficient water and
food and kept under standard laboratory conditions (12: 12
h/light-dark cycle at 20 ± 2°C and 52% air humidity) in the
animal house of Rafsanjan University of Medical Sciences.
Bleomycin (1.7 mL/kg, four times with the interval of
5 days) was intraperitoneally injected into the rats under
study. This anticancer agent causes animal hairs to enter
the telogen phase, in which hair starts to fall out or gets
ready to fall out. In either case, hair is not in the anagen
phase (19). Subsequently, the rats were randomly (i.e., giving each rat a number and then using a random number
table) assigned to seven groups with equal numbers (n =
18) as follows:
- Bleomycin-treated group: Bleomycin was intraperitoneally injected (1.7 mL/kg, four times with an interval of
5 days) to cause hair loss in this group. The rats did not receive anything after taking bleomycin.
- Normal saline plus Bleomycin-treated group: Normal
saline was completely applied to the entire skin surface
(i.e., back of the head, the area between two ears).
- Grape sap-treated group: One milligram of the grape
sap extraction was subcutaneously injected per kilogram
of the rat body weight (1 mg/kg).
- Grape sap-treated group (10 mg/kg).
- Grape sap-treated group (100 mg/kg).
After the last administration of bleomycin (2 mL) to the
rats, the grape sap with the aforementioned doses was topically applied to the affected areas in groups 3, 4, and 5 once
daily for 21 days.
- Minoxidil-treated group: After the last administration of bleomycin (2 mL) to the rats, the minoxidil lotion
(C5 H15 N5 O) was applied to the target areas for 21 days.
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- Minoxidil plus grape sap-treated group (100 mg/kg).
After the last administration of bleomycin (2 mL) to the
rats, minoxidil plus grape sap (100 mg/kg) was topically applied to the target areas.
The rats were anesthetized with ether after the last administration of bleomycin, and the skin samples were collected from the back of the rats’ heads on days 7, 14, and
21. The specimens obtained from all seven groups were divided into two halves to evaluate the number and length
of hair follicle growth, number of sebaceous glands and
blood vessels at the base of every follicle, and expression
of BAX and BCL2 genes (20).
Half of the samples were initially fixed and passaged
for histological studies. The paraffin blocks were prepared
and sectioned (5 µm thick) using a rotary microtome. Furthermore, 10 slides of each sample were randomly selected
and stained with hematoxylin-eosin (H&E) and periodic
acid-Schiff (PAS).
The second half of the samples were utilized for molecular diagnostics. First, the skin samples were immediately
transferred to nitrogen tanks to check the real-time. After
collecting the skin samples of all groups using a homogenizer, the ribonucleic acid (RNA) of the animal skins was
extracted under sterile homogeneous conditions to make
complementary deoxyribonucleic acid (cDNA). An RNA Extraction Kit (catalog no.: A101231; Pars Tous Co., Iran) and
subsequently Easy cDNA Kit (catalog no.: A101161; Pars Tous
Co., Iran) were used to extract RNA and cDNA (Table 1). The
blood samples were also centrifuged (3000 rpm) for 5 min
to separate serum and stored at -20°C until the initiation
of the experiments.
The grape sap of Shahani grapevines was collected in
Rabor, Kerman, Iran, and placed in a freeze dryer for 48
h to generate powder extracts. Microscopic sections were
prepared and stained for histopathology. The images (1500
µm) of the sections of the skin surface were then taken using a conventional Olympus microscope (DP25-BX51) and
Cell A software (×40, ×20, and ×10 magnification). The
quantitative data (mean ± standard deviation) were analyzed in SPSS software (version 18) through analysis of variance and Tukey’s test to compare the measured variables
between different groups. A P-value of less than 0.05 was
considered statistically significant.
3. Results
The hair follicle glassy basement membranes were
evaluated utilizing PAS staining. According to the results,
there were no significant differences between the treatment groups and the control group regarding the thickness of the glassy basement membranes. The H&E staining was used to evaluate healthy hair follicles parameters,
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Table 1. Sequence of Primers Used in the Study and Nucleotide Chain Length
Number

Primer Name

Oligo Sequences 5’ → 3’
Sequence 5’ → 3’ (10-50 bp)*

1

BAX forward

50 -GATGGCAACTTCAACTGGGG-30

2

BAX reverse

50 -AGCCACCCTGGTCTTGGAT-30

3

BCL2 forward

50 -TGGCCTTCTTTGAGTTCGGT-30

4

BCL2 reverse

50 -AGTTCCACAAAGGCATCCCAG-30

5

β -actin forward

50 -ATGGTGGGTATGGGTCAGAAGG-30

6

β -actin reverse

50 - TGGCTGGGGTGTTGAAGGTC -30

such as the rounded nucleus, prominent nucleolus, uniform and bright chromatin pattern, and certain size limits. Moreover, telogenic hair follicles were measured using
the parameters, including wrinkled and high-density nuclei and obscure nucleoli.
Regarding the bleomycin-treated group, most hair follicles were in the telogen phase with wrinkled and highdensity nuclei and obscure nucleoli (Figure 1C). The results
obtained from the normal saline group indicated healthy
follicles with rounded nuclei, prominent nucleolus, and
follicles with a certain size limit (Figure 1D). Three groups
were treated with three different doses of the grape sap
(i.e., 1, 10, and 100 mg/kg) (Figures 1A and B). The follicles
of these groups were healthy with rounded nuclei, prominent nucleolus, a certain size limit, and integrated tissue.
Moreover, several hair follicles were observed in the telogen phase. The number of hair follicles in the telogen
phase was higher in the grape sap group with a dose of
1 mg/kg, compared to those reported for the groups with
doses of 10 and 100 mg/kg.
Concerning the minoxidil-treated group, the follicles
had rounded nuclei, prominent nucleolus, a certain size
limit, and integrated tissues. In the minoxidil plus grape
sap (100 mg/kg) group, the follicles had rounded nuclei,
prominent nucleolus, a certain size limit, and integrated
tissues. The number of hair follicles and sebaceous glands,
hair growth length, and blood vessel density at the base
of every follicle of the hair were evaluated in this study in
seven experimental groups.
According to the results, there were significant differences between the grape sap-treated groups and the
bleomycin-treated group in terms of the number of anagenic hair follicles (Figure 2), number of sebaceous glands,
vascular density, and length of hair growth. The results
obtained from the grape sap-treated groups were quite
similar to those reported for the minoxidil-treated group.
According to the results of the total antioxidant capacity
analysis, there was a significant increase in the grape saptreated group (100 mg/kg) and minoxidil plus grape sap
Gene Cell Tissue. 2022; 9(3):e115426.

(100 mg/kg)-treated group on day 21, compared to that reported for the bleomycin-treated group (Figure 3).
According to the results of real-time polymerase chain
reaction, a significant increase was observed in terms of
BCL2 expression in the grape sap-treated group (100 mg/kg)
on day 21, compared to that reported for other treated
groups (Figure 4; P < 0.001). The obtained results of this
study showed the positive effects of grape sap on the prevention of hair loss. There was an increase in the number of follicles in the anagen phase, sebaceous glands, hair
growth length, blood vessel density at the base of every
hair follicle, and expression of BCL2. However, a decrease
was observed in BAX expression within the treated groups
(Figure 5).
4. Discussion
In recent years, herbal medicines have been used in
most countries and have replaced conventional medical
treatments in many cases. Focusing on complementary
medicine is crucial due to the severe side effects of current hair loss treatments. A study performed by Yoon et
al. showed that the topical application of jujube oil on
the back of 15 mice increased longitudinal growth and hair
thickness (21).
Takahashi et al. conducted a study using the nanoemulsion technique in 1999. The results showed that
grape seed extract with tocopherol reduced oxidative
stress leading to hair growth increase (22). Similarly, the
findings of the present study showed an increase in hair
growth; however, different techniques and doses of grape
sap were employed in the current study. In a study performed by Li et al., the effect of Chrysanthemum extract
on hair growth and hair follicle proliferation was evaluated among C57BL/6 mice. Immunohistochemistry results
revealed the positive effect of chrysanthemum extract on
repairing damaged hair follicles due to containing the antioxidant compounds resulting in hair growth increase
and hair follicle proliferation (23). The obtained results
3
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Figure 1. Hematoxylin-eosin staining in experimental groups 21 days after the last administration; Black and white arrows showing the telogenic and anagenic hair follicles,
respectively; A, Grape sap-treated group (10 mg/kg); B, Grape sap-treated group (100 mg/kg); C, untreated group receiving bleomycin 21 days after the last administration (×20
magnification), arrow showing the telogenic hair follicle; D, Normal saline group 21 days after the last administration (×20 magnification), arrow showing the anagenic hair
follicle (×10 magnification).

of the current study are consistent with the results of the
aforementioned study. However, grape sap was used in this
study which revealed an increase in histomorphological
factors.
Moreover, Singha and Das investigated the antioxidant
effects of four different grapevine extracts on human lymphocyte cells. According to the results, the grapevine extract was regarded as a potential source of natural antioxidants resistant to oxidative stress caused by ionizing radiation. In addition, the extracts were effective in the inhibition of apoptosis (24). The obtained results of the total antioxidant analysis in the grape sap-treated groups are consistent with the findings of the aforementioned study.
In a study carried out by Patel et al. (25), it was
reported that medicinal plants, such as Phyllanthus emblica, Fenugreek, and Buxus sempervirens containing
epigallocatechin-3-gallate, procyanidin B2, and B3, and
proanthocyanidin, could prevent hair loss. Moreover,
they increased hair growth through the enhancement
of circulation and hair follicle volume and prolongation
4

of the anagen phase. The obtained results of the present
study are in line with the results of the aforementioned
study.
There was an increase in blood vessel density at the
base of every hair follicle and anagenic follicles in grape
sap-treated groups, compared to those of other groups in
the present study. Furthemore, Koparal and Bostancioglu
showed that the seed extract of Delphinium exaltatum improved hair growth by increasing the expression of angiogenesis factor (26). The results obtained from the groups
with higher antioxidant absorption are in line with the
results of the aforementioned study. The results of the
present study showed a significant increase in the antioxidant absorption coefficient. Furthermore, the grape sap increased the histomorphological factors, which may be due
to the expression of angiogenesis factors.
A study conducted by Zhong et al. investigated the
effect of grape seed procyanidin B2 on hepatocytes. The
results showed that procyanidin reduced oxidative stress,
which led to the reduction of apoptosis (27). In the current
Gene Cell Tissue. 2022; 9(3):e115426.
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Figure 2. Mean number of hair follicles in 1500 µm in experimental groups on days 7, 14, and 21; there were significant differences between the experimental groups and
the bleomycin-treated group in terms of the number of hair follicles (P < 0.001, P < 0.01, and P < 0.05). The results are presented as mean ± standard error of the mean and
evaluated using a two-way analysis of variance.
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Figure 3. Total antioxidant capacity (antioxidant absorption coefficient) in experimental groups on days 7, 14, and 21; there were significant differences between the experimental groups and the bleomycin-treated group in terms of total antioxidant capacity (P < 0.001, P < 0.01, and P < 0.05). The results are presented as mean ± standard error
of the mean and evaluated using a two-way analysis of variance.
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Figure 4. Mean BCL2 gene expression in experimental groups on days 7, 14, and 21; there were significant differences between the grape sap-treated groups and the bleomycintreated group (P < 0.001, P < 0.01, and P < 0.05). The results are presented as mean ± standard error of the mean and evaluated using a two-way analysis of variance. With
regard to the results of real-time polymerase chain reaction, a significant increase was observed in terms of BAX expression.
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Figure 5. Mean BAX gene expression in experimental groups on days 7, 14, and 21; the results were significant in the bleomycin-treated group. There were significant differences
between the experimental groups and the normal saline group in terms of mean BAX expression (P < 0.001, P < 0.01, and P < 0.05). The results are presented as mean ±
standard error of the mean and evaluated using a two-way analysis of variance.
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study, there was a reduction in apoptosis and an increase
in anagenic follicles, which resulted from the presence of
procyanidin. Kamimura and Takahashi showed the in vivo
and in vitro effect of grape seed proanthocyanidins on follicular cells. The results of the aforementioned study indicated that the grape seed increased the expression of genes
associated with the growth, thereby leading to hair growth
(28). These findings are not consistent with the findings of
the present study.
In another study, Kazemi et al. demonstrated that the
oral consumption of grape sap increases the number of follicles, which is consistent with the results of the current
study (20). The genes involved in apoptosis rather than
growth were investigated in study; however, both studies
showed hair growth in the groups treated with grape seed
extract and grape sap. According to the results, grape sap
can be employed as a non-chemical drug due to its rich
compounds, especially antioxidants. The results of recent
studies indicated the positive effects of grape sap on the
number of follicles and sebaceous glands, growth length,
and blood vessel density at the base of every hair follicle. Moreover, grape sap decreases apoptosis in hair follicle cells by increasing the expression ratio of the BCL2/BAX,
consequently stimulating hair growth.
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