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Henna, An Antimicrobial Herbal Medicine With Less Negative Effect on
Spermatogonial Stem Cell Culture
1,*

1

1

1

Mohammad Zandi, Fatemeh Jasour, Asgar Shariatinia, and Mohammad Reza Sanjabi
1Department of Agriculture, Iranian Research Organization for Science and Technology (IROST), Tehran, IR Iran

*Corresponding author: Mohammad Zandi, Department of Agriculture, Iranian Research Organization for Science and Technology (IROST), Tehran, IR Iran. Tel: +98-9123115294,
E-mail: mz1075@yahoo.com

Received 2015 December 21; Revised 2016 January 18; Accepted 2016 January 20.

Abstract

Background: Herbal extracts have recently received the greatest attention in the path of finding naturally occurring chemicals with
antibacterial and therapeutic value; however, each type of herbal remedy may have its own side effects.
Objectives: The aim of the current experiment was to study the antibacterial effect of myrtle, parsley, mint, henna and chamomile extracts
on Escherichia coli and their effects on colony formation and survival of spermatogonial stem cells (SSCs).
Materials and Methods: Spermatogonial stem cells were isolated by two-time enzymatic digestion from slaughterhouse origin ovine
testis and plant extraction by deionized water. Comparisons between different treatments were performed using analysis of variance
(ANOVA) followed by Duncan’s multiple range tests.
Results: The results showed that there was no significant difference between mint, henna and penicillin, on inhibition of Escherichia coli
growth, however parsley, myrtle and chamomile were significantly different from penicillin (P < 0.05). The formation of SSC colonies was
not affected by different herbal medicines. Myrtle and chamomile resulted in death of SSC colonies compared with the control, and the
survival of spermatogonial and Sertoli cells were significantly affected by myrtle, mint, chamomile and parsley (P < 0.05).
Conclusions: The results of these experiments provide evidence that henna by antibacterial activity had no detrimental affect on SSC and
Sertoli cells and is a good candidate for substitution of antibiotics.
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1. Background
Resistance to antibiotics is an increasing worldwide
problem, and has implications for morbidity, mortality,
and healthcare both in hospitals and in the community
that has necessitated the search for novel and effective antimicrobial compounds (1, 2). Herbal extracts have recently received the greatest attention in the path of finding
naturally occurring chemicals with therapeutic value (2).
Different ingredients including phenols, peptides, alkaloid components, unsaturated long chain aldehydes,
chloroform, ethanol, methanol and butanol soluble constituents and some essential oils are responsible for the
antimicrobial efficiency of herbal extracts. Therefore,
they have potential therapeutic application against bacteria, fungi or virus (3).
Myrtle plant with scientific name of Lagerstroemia indica
is an aromatic and medicinal herb for which antibacterial, antifungal, antiviral, antioxidant and anti-mutagenicity properties have been reported (4). It contains oligomeric non-prenylated acylphloroglucinols as unique
antioxidant agents and also semi-myrtucommulone and
myrtucommulone A antioxidants, which protect linoleic
acid against free radical attack (5). Parsley with scientific

name of Petroselinum crispum with ingredients such as essential oils, myristicin, limonene alpha-thujene and eugenol prevents of tumor formation (especially lung cancer). There are reports that indicate parsley stimulates
the activity of glutathione S-transferase, which is responsible for the prevention of cellular damage (6, 7). In the
watery and alcoholic extract of parsley there exists some
antioxidant constituents such as ascorbic acid, tocopherol, phenolic compounds, flavonoids (apiin, luteolin and
apigenin-glycosides) and essential oils (apiol and myristicin) (8). Mint plant with scientific name of Mentha piperita showed maximum total phenols and antioxidant activity in its leaves (9). Seven compounds were isolated from
henna leaves with five from the chloroformic fraction including lawsone as well as two compounds from the ethyl acetate fraction (10). Besides these, other constituents
were fats, glucose, gallic acid, mannitol, resin, mucilage
and traces of an alkaloid. These compounds had many
properties such as, antidiabetic activity, immunomodulatory effect, hepatoprotective activity, antioxidant effect,
antibacterial, antifungal, antiviral, antitrypanosomal,
antiparasitic, molluscicidal, tuberculostatic, cytotoxic
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and antifertility activity (11). Different classes of bioactive
medicinal components are present in chamomile, as well
as 0.24 – 1.9% volatile oil, composed of a variety of separate
oils, and around 120 secondary metabolites, including 28
terpenoids and 36 flavonoids. Among the flavonoids, apigenin is the most promising compound, which is mainly
present in the form of various glycosides and very small
quantities as free apigenin. Other flavonoids are apigenin, luteolin, patuletin and quercetin. Also azulenesse,
farnesene and spiro-ether sesquiterpene lactones, glycosides, hydroxycoumarins, coumarins (herniarin and umbelliferone), terpenoids, and mucilage are considered to
be the major bioactive ingredients (12).
The process of generation of sperm is called spermatogenesis (13). Spermatogenesis is a highly organized process that originates from SSCs (14). This kind of stem cell
is unipotent and responsible for the maintenance of
spermatogenesis throughout the entire life of a male.
They are the only germ line stem cells in adults and may
choose self-renewal or generate a daughter cell committed to differentiation (15). These cells are biotechnologically important because they are the only cells in adult
stem cell systems capable of transmitting genetic information to future generations (13).
Optimization for isolation, culture, and transplantation of SSCs methods has facilitated the development
of clinical applications for preserving human male fertility (16). In this regard, antioxidants are compounds
that help in preventing or delaying damage of cells and
tissues by inhibiting many oxidation reactions caused
by free radicals. However, the antioxidant activities of
vegetables varied largely and their activity correlated
with active compounds phytochemicals such as phenols,
tannins, flavonoids etc. (17). The superiority of natural antioxidants has been proven over synthetic ones in terms
of safety and tolerance, without any toxicity and side effects. Thus, they are essential for maintaining a good
state of health in our body (18).

2. Objectives
The purpose of the current study was to investigate
the properties of antibacterial plant-derived extracts for
their ability to stimulate colony formation and survival
of SSCs. For these reasons, myrtle, parsley, mint, henna
and chamomile extracts were studied for their antibacterial and their negative effects on SSCs.

3. Materials and Methods

3.2. Herbal Extracts
The stems and leaves of parsley and mint and the leaves
of myrtle, henna and chamomile flowers were provided.
Dirt was removed by early washing and in the second
stage, plants were washed with distilled water. In the
third stage, plants were immersed in 20% ethanol. Then
the plants were placed in the oven for one day for drying.
Dried plants were ground and prepared for extraction.
The aqueous extract was extracted with Soxhlet apparatus so that 40 grams of each plant powder was placed
in bags. The dilute extracts were obtained and placed
in an evaporator and after evaporating excess water at
a temperature of 67°C, 40 grams of dense extracts was
obtained from each plant. The samples were then centrifuged (3000 rpm, five minutes) to separate impurities
and suspended solids, and the purified extract was obtained. For identifying the extract dry matters, we dried
and weighted a part of them and according to its dry matter of every herbal extract was set at 20 mg/mL.

3.3. Bacterial Culture

Escherichia coli (PTCC 1399) was purchased from the Persian type culture collection (PTCC), IROST, Iran. Bacteria
were cultured in broth medium and used for assays.

3.4. Zone Inhibition
The antibacterial assay was based on the standard agar
diffusion assay, where one colony of microorganism
was picked from a stock plate and suspended in deionized water. An aliquot of microorganism suspension was
swabbed on brain heart infusion (BHI) (Cat No: 110493)
agar plates and the diameter of the growth inhibition
was measured.

3.5. Collection of Testes
Sheep testes were collected from Mysam slaughterhouse (Tehran) immediately after slaughter and washed
three to four times with normal saline solution (32 - 37°C),
containing 0.1% streptomycin sulfate (Cat No: S9137). The
washed testes were then place in a sample collection
bottle containing normal saline and antibiotics. The collected testes were transported to the laboratory within
two hours of slaughter. In the laboratory, the testes were
rinsed twice with normal saline and were then trimmed
to remove tunica vaginalis and washed properly with
warm saline containing antibiotics five to six times.

3.1. Chemicals

3.6. Isolation of Spermatogonial Stem Cells by
Enzymatic Digestion

All the culture media, growth factors, fetal bovine serum (FBS) and other chemicals were obtained from Sigma Chemical Co. (St. Louis, MO, USA) and the plastic ware
were purchased from Falcon (Paignton, UK) unless stated
otherwise.

Spermatogonial stem cells were isolated by a two-time
enzymatic digestion process, as described by Izadyar
et al. (2002) with some modifications (14). Briefly, after
washing with Dulbecco’s phosphate-buffered saline
(DPBS) (Gibco, Cat No: 14190-250), the tubular tissue was
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washed with Dulbecco’s modified eagle medium (DMEM)
(Cat No: 14190-250). For the first enzymatic digestion,
minced seminiferous tissue was suspended in DMEM
containing 1 mg/mL collagenase (Cat No: C9891), 1 mg/mL
hyaluronidase type II (Cat No: H2126), 5 μg/mL DNase (Cat
No: DN25) and 1 mg/mL trypsin-EDTA (0.25%) (Gibco, Cat
No: 25200-056) and was incubated at 37°C in an incubator at 200 cycles/minute for 45 minutes. After this step,
the dispersed tissue was collected and subjected to centrifugation at 1000 rpm for two minutes. The supernatant was discarded and the tissue pellet was washed once
with DMEM. For the second enzymatic digestion, the tissue was suspended in DMEM containing 1 mg/mL collagenase, 1 mg/mL hyaluronidase type II and 5 μg/mL DNase and was incubated in a shaking incubator operated
at 200 cycles/minute for 30 minutes. The tissue was then
centrifuged at 1000 rpm for two minutes and the supernatant was collected in a 15-mL tube. The dispersed cells,
present in the supernatant were expected to contain
SSCs, Sertoli cells, myeloid cells and other contaminating
cells of the seminiferous tubular tissue. One day after the
second enzymatic digestion, differential plating was performed. Differential plating consists of an overnight in
vitro culture of freshly isolated SSCs followed by a subculture of only non-adherent cells. Stem cells tend to remain
in the suspension, while supporting cells like Sertoli cells
and other testicular cells adhere to the culture dish.

3.7. Feeder Layer Preparation and Culture of
Spermatogonial Stem Cells
For the preparation of feeder layer, primary Sertoli cells
were inactivated by treatment with 10 mg/mL mitomycinC (Cat No: m4287) for two hours after which the monolayer was trypsinized and the cells were washed three to
four times with DPBS + 10% FBS + 50 mg/mL gentamicin
sulfate (Cat No: G1264). The feeder layer was prepared by
seeding these harvested cells in four well plates/tissue
culture dishes one day prior to the culture of SSCs.

3.8. Analysis of Spermatogonial Stem Cells Colonies
and Cell Counting
The number of colonies on each four well plate was
counted under inverted microscopy (CKX41; Olympus).
Cells were counted 72 hours after the treatment. To
achieve this, the cells were dyed with trypan blue (Cat No:
T8154), which turns viable cells blue and the cell number
was counted using a hemocytometer under a light microscope (Ti-U, Nikon, Tokyo, Japan).

3.9. Statistical Analysis
Each experiment was repeated at least three times. Data
were analyzed with a statistical software program (SPSS
11.5, 2004, IBM, USA). Comparisons between datasets were
performed using one-way ANOVA followed by Duncan
multiple-range test. Results are expressed as mean ± stanGene Cell Tissue. 2016; 3(2):e35571

dard error of the mean (SEM), and statistical significance
was accepted at P <0.05.

4. Results

4.1. Antibacterial Effect of Herbal Medicine
In this experiment, the effect of five herbal extracts on
Escherichia coli was studied. For this reason the zone of
inhibition assay was tested for its ability to demonstrate
the antibacterial activity of these extracts. The results indicated that there was no significant difference between
mint, henna and penicillin, however the effect of parsley,
myrtle and chamomile was significantly lower than penicillin on the growth of Escherichia coli (P < 0.05) (Figure 1).
The results indicated that either henna or mint is a possible alternative to penicillin that could be used for control
of Escherichia coli growth.

4.2. Effect of Herbal Medicine on Spermatogonial
Stem Cells Colony Formation
In order to optimize the SSC culture system, the effect of
parsley, myrtle, chamomile, mint and henna on the formation of colonies was evaluated. Based on the MTT assay
on fibroblast cells, the highest concentration of herbal
extracts (0.2 mg/mL) that had no significant negative effect on the viability of fibroblast cells were used in this
study. The results showed that, supplementing the SSC
media with each of myrtle, chamomile or mint herbal extracts significantly decreased the formation of SSC colonies compared with the control (P > 0.05). However, the
formations of the colonies were not affected by parsley
or henna (Figure 2). Thus, none of five herbal extracts improved the formation of SSC colonies.

4.3. Effect of Herbal Medicine on Survival of
Spermatogonial Stem Cells Colonies

The numbers of dead SSC colonies in the presence of
five herbal extracts are shown in Figure 3. The results indicated that, chamomile had the greatest effect (4.33 ±
0.88) on mortality of SSC colonies. The dead colonies of
SSC in henna (0.33 ± 0.33) were significantly lower (P <
0.05) compared to myrtle and chamomile. Other results
showed that there was no significant difference between
myrtle with mint and myrtle with chamomile on survival
of SSC colonies.

4.4. Effect of Herbal Medicine on Survival of
Spermatogonial Stem Cells and Sertoli Cells

The results indicated that myrtle, mint, chamomile
and parsley significantly increased the number of dead
spermatogonial and Sertoli cells in comparison to henna and control groups (P < 0.05), and there was no significant difference between henna and the control (P >
0.05) (Figure 4).
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Figure 1. The Effect of Parsley (2 mg/Well), Myrtle (2 mg/Well), Chamo-
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Figure 2. The Effect of Parsley, Myrtle, Chamomile, Mint and Henna (0.2
mg/mL) on SSC Colony Formation
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Figure 3. Effect of Parsley, Myrtle, Chamomile, Mint and Henna (0.2 mg/
mL) on the Death of Spermatogonial Stem Cell Colonies
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Figure 4. Effect of Parsley, Myrtle, Chamomile, Mint and Henna (0.2 mg/
mL) on the Number of Dead Spermatogonial Stem Cells and Sertoli Cells

5. Discussion
The emergence of multi-drug resistance in human and
animal pathogenic microbes as well as undesirable side
effects of certain antibiotics has triggered huge interest
to study new antimicrobial drugs of plant origin. However, they have different mechanisms from antibiotics for
inhibiting bacterial growth and also unknown effects on
living cells; this makes additional researches on medicinal plants essential (19, 20).
This study aimed to investigate the effects of some antibacterial plants based on SSCs formation and survival.
For these purposes, the antimicrobial activity was determined in the extracts using the agar disc diffusion method for Escherichia coli, after which the colony formation
and survival of spermatogonial and Sertoli cells under
different herbal treatments were investigated.
In agreement with our study, the antibacterial activity
of henna and mint extract was reported by Malekzadeh
and Shabestari (1989) and Davoodi et al. (2007), respectively (21, 22).
According to Cowan (1999), coumarins, flavonoids and
tannin compounds are not responsible for antimicrobial
activity of henna extracts and their activity is due to polyphenolic compounds. Lawsone, the major bioactive component of henna, is known for its antibacterial activity
and possesses a wider spectrum of activity (19, 23). Also,
phenols are responsible for the antimicrobial efficiency
of mint (3, 9). However, there were contradictory reports
about the antibacterial activity of medicinal plants (20,
24, 25). These discrepancies could be due to differences
in the plant’s physiological state, seasonal variation,
environmental condition, studied part of the plant, extraction procedure, concentration of crude extracts and
strains of test bacteria (25).
The antibacterial effects of plant extracts and their side
effects on different cell lines have been studied for years
in the last three decades (25). However, to the best of our
knowledge, a comparative study of antibacterial plant exGene Cell Tissue. 2016; 3(2):e35571
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tracts on survival of SSCs has not been previously reported. The results of the current study revealed that henna
resulted in less negative effects on SSC colonies and spermatogonial and Sertoli cells. Although none of the five
herbs improved the formation of SSC colonies.
Chaudhary et al. reported that antioxidant activity in
henna was higher when compared to vitamin E or tocopherol. The strong cytotoxic properties against cancerous cells could be due to its high antioxidant activities
(11). The antioxidant activity of herbs is proportional with
their phenolic components (9). Polyphenol content and
correlation with antiradical activity was indicated by
the protection of HepG2 (liver hepatocellular) cells from
oxidative damage (26). Antioxidant mechanisms of polyphenolic compounds are based on hydrogen donation
abilities. After donating a hydrogen atom, phenolic compounds become resonance-stabilized radicals, which do
not easily participate in other radical reactions (27).
In conclusion, the results of this study provided evidence that henna by antibacterial activity had no detrimental affect on spermatogonial and Sertoli cells and is a
good candidate for substitution of antibiotics.
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