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Abstract: Commercially available St. John’s wort supplement (SJWS) composed of an herbal mixture of St. John’s Wort
(SJW), Rosemary (RM) and Spirulina (SP) is used as a dietary supplement for the treatment of psychiatric disorders.
Although the minor ingredients, (RM and SP) are proven antioxidants, their quantity is quite insignificant as compared to
the SJW, which is the major ingredient. Most of the toxic effects of SJWS are attributed to the main constituents of SJW
which differ due to the influence of light (hypericin) and variations in temperature above freezing point (hyperforin).
However, there are no reports on toxicity of SJWS maintained at room temperature in pharmacies and supermarkets. In
view of the folkloric importance, immense (prescribed or unprescribed) use and a paucity of literature on SJWS, it was
found worthwhile to (1) determine the genotoxic effects of SJWS in somatic and germ cells of mice and (2) investigate
the role of biochemical changes, as a possible mechanism. The protocol included the oral treatment of mice with different
doses (380, 760 and 1520 mg/kg/day) of SJWS for 7 days. The following experiments were conducted: (i) cytological
studies on micronucleus test, (ii) cytogenetic analysis for meiotic chromosomes, (iii) cytological analysis of spermatozoa
abnormalities, (iv) quantification of proteins and nucleic acids in hepatic and testicular cells and (v) estimation of
malondialdehyde (MDA) and nonprotein sulfhydryl (NP-SH) in hepatic and testicular cells. The treatment increased the
frequency of micronuclei in polychromatic erythrocytes (PCE) in the femora. It caused aberrations in chromosomes of
testes and induced spermatozoa abnormalities. These changes might be attributed to the epigenetic mechanisms as
revealed by an increase in concentrations of MDA and depletion of nucleic acids and NP-SH levels in both hepatic and
testicular cells observed in the present study. Since, the samples of SJWS used were not drawn from extremities of light
and temperature; the observed effect might not be related to the main constituents of SJW. However, these changes might
be ascribed to the combined effect of terpenes, tannins, quercetin and flavonoids present in SJW.
Keywords: St. John’s Wort Supplement; cytology; somatic cells; germ cells; nucleic acids; malondialdehyde; nonprotein
sulfhydryl groups.

Introduction
Commercially available St. John’s Wort suplement
(SJWS) composed of St. John’s Wort, (SJW), Rosemary
(RM) and Spirulina (SP) is used as a dietary supplement
for the treatment of psychiatric disorders. SJW is the
major ingredient present in SJWS capsule to the extent of
300 mg. It has folkloric importance in treatment of
depression, insomnia, exhaustion, somatoform disorders,
nervosity, and convalescence; in addition to its uses as a
remedy for skin diseases, superficial injury, mucosal
lesions and gastrointestinal illness [1]. In view of its
© 2008 MDPI. All rights reserved.

folkloric relevance, SJW has been widely experimented
and reports in the literature endorse both beneficial and
adverse effects. It has been found to protect against the
apoptosis induced by H2O2 in human neuroblastoma cells
and is shown to inhibit the free radical production in both
cell-free and human vascular tissue [2]. Hunt et al. [3]
observed SJW to produce a pro-oxidant effect at the high
dose and antioxidant properties at low dose. On the other
hand, studies on reproductive toxicity showed SJW to
possess spermicidal effect, as revealed by inhibition of
sperm motility and it had an adverse effect on oocytes and
weight of newborn [4]. SJW was also demonstrated to be
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mutagenic to sperm cells. It is also known to cause a
severe damage in both livers and kidneys of Wister rats
[5]. Furthermore, studies on toxicity of SJW revealed it to
cause erythema, edema, alopecia, reduction in weight and
changes in blood chemistry, in addition to skin reddening,
itching, dizziness, constipation, fatigue, anxiety and
tiredness in both humans and animals [6, 7]. The itching
types of erythematous lesions were specific to lightexposed areas [6]. In sheep, Kumper [8] observed adverse
reactions, including skin reddening and itching, dizziness,
constipation, fatigue, anxiety, and tiredness, especially in
the hairless pigmented parts (ears, the bridge of the nose at
the surroundings of the eyes). The author came up with a
suggestion that the observations are inflammatory skin
alterations related with photoreactions. Exposure of SJW
to light illumination is described to potentiate the growth
inhibitory and apoptotic effects on K562, U937, LN229
glioblastoma cell lines and normal human astrocytes [9].
Analysis of constituents in SJW revealed the presence
of hypericin, hyperforin, naphtodianthrones, flavonoids,
terpenes, sesquiterpene oils, phenylpropanes, biflavones,
tannins, xanthones and phloroglucinols [7, 10]. The major
components are hypericin and hyperforin. Hypericin is
known to possess antiviral activity against the enveloped
viruses that includes the human immunodeficiency virus
[11]. The toxicity of hypericin towards viruses and tumors
absolutely requires light [11, 12] On the other hand
hyperforin, the other component of SJW has the tendency
to degrade at temperatures higher than -70oC [13]. It has
been shown to possess a pronounced antitumor effect
against different tumor cell lines, both in vitro and in vivo
and has been shown to possess apoptosis-associated
cytotoxic effect in both murine and human tumor cells and
is found to check metastatic growth [14].
Rosemary (RM) is a minor ingredient present in
SJWS capsule to the extent of 80 mg. It is a common
household plant grown in many parts of the world. As a
proven antioxidant, it is used for flavoring food, as a
beverage drink and as well as in cosmetics. In folk
medicine, it is used as an antispasmodic in renal colic and
dysmenorrhoea, in relieving respiratory disorders and to
stimulate growth of hair. Extrtact of rosemary relaxes
smooth muscles of trachea and intestine, and has
choleretic, hepatoprotective and antitumerogenic activity
[15, 16]. The constituents (caffeic acid, rosmarinic acid,
carnosol or carnosic acid) are reported to possess
antioxidant properties [15-17]. Sancheti and Goyal, [18]
found it to protect against 7, 12-dimethylbenz(a)
anthracene (DMBA)-induced skin tumorigenesis in mice
at a dose of 500mg/kg body weight per mouse.
Rosmarinic acid, a phenolic constituent of rosemary has
been found to have fibrinolytic and antioxidative activity
[17]. Anadon et al. [19] found the extracts of rosemary to
be safe upto a dose of 2000 mg/kg of body weight in
Wistar rats. The treatment had no adverse effects or
mortality for a period of 2 weeks. The components of
rosemary have been found to inhibit benzo[a] pyreneinduced genotoxicity in human bronchial cells [15].
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Spirulina (SP) (another minor ingredient present in
SJWS capsule to the extent of 40 mg) is unicellular
filamentous blue - green algae, consumed by man since
ancient times in Mexico and central Africa. Initially the
interest in Spirulina was on its nutritive value for its
protein content. More recently, some preclinical testing
suggests it has several therapeutic properties such as
hypocholesterolemic, immunological, antiviral and
antimutagenic. In animal experiments for acute,
subchronic
and
chronic
toxicity,
reproduction,
mutagenicity, and teratogenicity, the algae did not cause
body or organ toxicity [20]. Khan et al. [21] reported
Spirulina to possess bio-modulatory, immuno-modulatory,
anticarcinogenic and antioxidant properties and it protect
tissues and reduce toxicity of liver, kidney and testes
caused by any toxin. The constituents present in Spirulina
are physcocyanin, b-carotene, polyunsaturated acids and
super oxide dismutase [22]. Spirulina is found to protect
against the cardiotoxicity induced by doxorubicin [21] and
Cyclophosphamide (CP)-induced genetic damage [23].
The addition of Spirulina to SJWS capsule is perhaps to
avert the proven toxicity of SJW.
A large number of papers are published on the
pharmacology and toxicology effects of the different
ingredients of SJWS (SJW, RM and SP) and their
constituents. However, in view of the major contents of
SJW, the most interesting constituents are hypericin and
hyperforin, which differ due to the influence of light and
variations in temperature above freezing point, respectively.
Nevertheless, there is a paucity of literature on genotoxicity
and biochemical toxicity of SJWS maintained at room
temperature at pharmacies and supermarkets. The present
study on the cytological and biochemical effects of SJWS in
somatic and germ cells of Swiss albino mice was
undertaken in view of its folkloric importance, immense
(prescribed or unprescribed) use and a paucity of literature
on combined use of SJW, RM and SP.
Materials and Methods
Test Herbal Product
SJWS (Batch No. 246261, manufacturing date
November, 2005) was used as the test product in the
present study. It is marketed as dietary supplement by
Nature’s way product (USA) in form of capsules. Each
capsule contained 300 mg of St. John’s Wort (SJW), 80
mg of Rosemary (RM) leaf and 40 mg of Spirulina (SP)
(algae).
Animal Stocks
Male Swiss albino mice (SWR), 6-8 weeks old and
weighing 25-28g, were obtained from the Experimental
Animal Care Center, King Saud University, Riyadh, Saudi
Arabia. The animals were fed on Purina chow diet and
water ad libitum and were maintained under standard
conditions of humidity, temperature, and light (12 h,
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light/12 dark cycle). The conduct of experiments and the
procedure of sacrifice (using ether) were approved by the
Ethics Committee of the Experimental Animal Care
Society, College of Pharmacy, King Saud University,
Riyadh, Saudi Arabia.
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micronuclei, and normochromatic erythrocytes (NCE)
were screened to obtain the ratio of mitotic index. The
reduction of the mitotic index was assessed on the basis of
the ratio of PCE/NCE.
Cytogenetic Analysis for Meiotic Chromosomes

Dose, Route and Duration of Treatment
The dose of SJWS was determined by (i) Maximum
Tolerated Dose (MTD) (ii) Human therapeutic dose with
reference to the surface area rule and (iii) preliminary
experiments conducted in our laboratory and reports in the
literature [5, 24]. On the basis of evaluated MTD, (6.00
gm/kg.), the doses of SJWS selected were 380, 760 and
1520 mg/kg/day corresponding to 1/16th, 1/8th and 1/4th,
respectively [25]. The daily recommended dose of SJWS
(as inscribed on the commercially available bottle) for an
adult human is 900 mg (3 capsules). According to the rule
of surface area ratio of mice (20 g) and man (60 kg), the
calculated ratio is 0.0026 and the dose of SJWS (per 50
mice weighing 1 kg) would be 117.0 mg/kg (0.0026 x 900 x
50 = 117.0 mg/kg.). The dose used experimentally is
generally six times more than the calculated value (117 x 6
= 702.0 mg/kg/day). This is because the metabolic rate is
more in mouse as compared to human being [26]. The
medium dose (760 mg/kg/day) selected in the present study
was based on the recommended human dose and the surface
area rule and was around 1/8th of MTD. The low (380) and
high (1520 mg/kg/day) doses were approximately half and
double the dose selected, respectively. Aqueous suspension
of SJWS was administered by gastric intubation (oral) per
kg/day for seven days.
Experimental Groups
The experimental groups of mice consisted of the
following: group 1, control (0.3 ml/mouse, tap water);
group 2, SJWS (380 mg/kg/day); group 3, SJWS
(760mg/kg/day); group 4, SJWS (1520 mg/kg/day). In
each case, a total of 30 mice were used as follows: (i)
Cytological studies on micronucleus test, in cells from
femoral bone marrow (5 mice); (ii) evaluation of meiotic
chromosomal aberrations (5 mice); (iii) analysis of
spermatozoa abnormalities (5 mice); (iii) estimation of
proteins and nucleic acids in testicular cells (5 mice); (iv)
estimation of malondialdehyde (MDA) and nonprotein
sulfhydryl (NP-SH) in hepatic cells (5 mice); (vii)
evaluation of MDA and NP-SH in testicular cells (5 mice).
Cytological Studies on Micronucleus Test
The procedure of micronucleus test described by
Schmid [27] was followed. The cells from femoral bone
marrow were collected in fetal calf serum. After
centrifugation, the cells were spread on slides and airdried. Coded slides were fixed in methanol and stained in
May-Gruenwald solution followed by Giemsa stain. The
polychromatic erythrocytes (PCE) were screened for

In the analysis of meiotic chromosomal aberrations,
the mice were sacrificed on 19th day from the last
treatment day [28]. The testes were removed and placed in
2.2% isotonic sodium citrate solution. The tunica
albugenia was peeled out and seminiferous tubules were
teased to form a cell suspension. The suspension was
centrifuged and the pellet re-suspended in 1.1% hypotonic
sodium citrate solutions. After centrifugation the
supernatant was discarded and the pellet suspended in
fixative (methanol and acetic acid, 3:1). The chromosomal
preparations were made by the air drying technique [28].
The coded slides were stained in Giemsa solution (10 per
cent), spermatocytes at the diakinesis-metaphase I stages
were examined for chromosomal aberrations including
aneuploids, autosomal univalents, sex-univalents,
polyploids and translocations.
Cytological Analysis of Spermatozoa Abnormalities
The mice were sacrificed 5 weeks after the last day of
sub-acute treatment [28]. The spermatozoa were obtained
by making small cuts in caudae epididymis and vas
deferens placed in 1 ml of modified Krebs Ringerbicarbonate buffer (pH 7.4). The sperm suspension obtained
was stained with 0.05% of eosin-Y; smears were made on
slides, air-dried and made permanent. The spermatozoa
morphology was examined by bright-field microscopy with
an oil immersion lens. The different spermatozoa
abnormalities (amorphous, banana shaped, swollen
achrosome, triangular head, macrocephali and rotated head)
screened were those found in all the slides [28].
Evaluation of Proteins, Nucleic Acids, MDA and NP-SH
in Liver and Testis
The frozen samples (liver and testis) were used for
estimation of proteins, ribose nucleic acid (RNA),
deoxyribose nucleic acid (DNA), MDA and NP-SH.
Estimation of Total Proteins and Nucleic Acids
Total proteins were estimated by the modified Lowry
method of Schacterle and Pollack [29]. Bovine serum
albumin was used as standard. The method described by
Bregman [30] was used to determine the levels of nucleic
acids. The sample tissues were homogenized and the
homogenate was suspended in ice-cold trichloroacetic acid
(TCA). After centrifugation, the pellet was extracted with
ethanol. The levels of DNA were determined by treating
the nucleic acid extract with diphenylamine reagent and
reading the intensity of blue color at 600 nm. For
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[32] was followed to determine the levels of NP-SH. The
sample tissues were homogenized in ice-cold 0.02 M
ethylene-o-amine tetra acetic acid disodium (EDTA) and
mixed with TCA. The homogenate was centrifuged at
3000g. The supernatant was suspended in tris buffer, 5-5’dithiobis-(2 nitrobenzoic acid) (DTNB) and read at 412
nm against reagent blank with no homogenate.

quantification of RNA, the nucleic acid extract was treated
with orcinol and the green color was read at 660 nm.
Standard curves were used to determine the amounts of
nucleic acids present.
Determination of MDA Concentrations
The method described by Ohkawa et al. [31]
was followed. The sample tissues were homogenized in
TCA and the homogenate suspended in thiobarbituric
acid. After centrifugation the optical density of the
clear pink supernatant was read at 532 nm.
Malondialdehyde bis (dimethyl acetal) was used as an
external standard.

Statistical Analysis
Analysis of variance and Post hoc Tukey-Kramer
multiple comparison tests statistically analyzed the
different studies undertaken.
Results

Quantification of the NP-SH Levels
The results of this study are summarized in Tables 1
to 5.

The method described by Sedlak and Lindsay

Table 1: Effect of St. John’s Wort Supplement on the frequency of micronuclei and the ratio of polychromatic to
normochromatic erythrocytes from femoral bone marrow of Swiss albino mice after sub-acute treatment
Treatment and dose (mg/kg. Body
weight)

Polychromatic
erythrocytes (PCE)
screened

Polychromatic
erythrocytes (%)
(Mean ± S.E.)

Normochromatic
erythrocytes (NCE)
screened

Control (0.3 ml tap water/mouse)

5600

0.35 ± 0.07

5200

1.08 ± 0.06

St. John’s Wort Supplement (380)

5400

0.46 ± 0.08

4500

1.20 ± 0.06

St. John’s Wort Supplement (760)

5800

0.59 ± 0.04*

5200

1.14 ± 0.09

St. John’s Wort Supplement (1520)

6000

0.74 ± 0.09**

5500

1.11 ± 0.06

PCE/NCE ratio
(Mean ± S.E.)

Five mice were used in each group
*p<0.05; **p<0.01 (One way ANOVA and Post hoc Tukey-Kramer multiple comparison test was done individually for
different parameters).
Table 2: Effect of St. John’s Wort Supplement on testis chromosomes in Swiss albino mice after sub-acute treatment
Different chromosomal
abnormalities screened/Total

Treatments and dose (mg/kg. Body weight/day)/percent chromosomal aberrations (Mean ± S.E.)
Control (tap water, 0.3
ml/mouse/day )

St. John’s Wort
Supplement (380)

St. John’s Wort
Supplement (760)

St. John’s Wort
Supplement (1520)

Aneuploids

3.24 ± 0.67

4.65 ± 0.72

6.18 ± 0.79*

6.85 ± 0.68**

Autosomal univalents

2.87 ± 0.53

3.32 ± 0.45

2.22 ± 0.23

2.46 ± 0.26

Sex-univalents

2.36 ± 0.49

3.73 ± 0.49

2.02 ± 0.31

2.08 ± 0.43

Polyploids

2.30 ± 0.45

3.16 ± 0.40

4.49 ± 0.66*

5.35 ± 0.26*

Total-percent aberrations

10.75 ± 1.59

14.86 ± 1.35

15.57 ± 0.98*

16.07 ± 0.83*

Total stages screened
562
542
540
529
Five mice were used in each group
*p < 0.05, **p<0.01 (One-way ANOVA and Post hoc Tukey-Kramer multiple comparison test was done individually for
different parameters).
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Table 3: Effect of St. John’s Wort Supplement on epididymal spermatozoa in Swiss albino mice after sub-acute treatment
Different Spermatozoal
abnormalities
screened/Total

Treatments and dose (mg/kg. Body weight/day)/percent sperm abnormalities (Mean ± S.E.)
Control (tap water, 0.3
ml/mouse/day )

St. John’s Wort
Supplement (380)

St. John’s Wort
Supplement (760)

St. John’s Wort
Supplement (1520)

Amorphous

0.43 ± 0.08

0.53 ± 0.21

0.66 ± 0.17

0.74 ± 0.19

Banana shaped

0.35 ± 0.07

0.56 ± 0.16

0.58 ± 0.31

0.68 ± 0.11*

Swollen achrosome

0.37 ± 0.05

0.66 ± 0.21

0.59 ± 0.16

0.70 ± 0.11*

Triangular head

0.29 ± 0.03

0.58 ± 0.16

0.59 ± 0.18

0.82 ± 0.21*

Macrocephali

0.37 ± 0.05

0.56 ± 0.14

0.45 ± 0.06

0.62 ± 0.23

Rotated head

0.06 ± 0.03

0.13 ± 0.02

0.05 ± 0.02

0.14 ± 0.09

Total abnormalities

1.88 ± 0.24

4.00 ± 0.99

3.14 ± 0.74

4.52 ± 0.84*

Total sperms screened
5080
5270
5330
5030
Five mice were used in each group
*p < 0.05 (One way ANOVA and Post hoc Tukey-Kramer multiple comparison test was done individually for different
parameters).
Table 4: Effect of St. John’s Wort Supplement on Protein and Nucleic acid contents in hepatic and testicular tissue of Swiss
albino mice after Sub-acute treatment
Hepatic tissue (Mean ± S.E.)
Treatment and Dose
(mg/kg. Body weight)

Proteins
(mg/100 mg
tissue)

RNA
(μg/100mg
tissue)

DNA
(μg/100mg
tissue)

Testicular tissue (Mean ± S.E.)
Proteins
(mg/100 mg
tissue)

RNA
(μg/100mg
tissue)

DNA (μg/100mg
tissue)

Control (tap water, 0.3
14.23 ± 0.56 638.20 ± 20.83 120.00 ± 3.27 10.97 ± 0.19
369.20 ± 7.16
234.04±17.52
ml/mouse)
St. John’s Wort
13.42 ± 0.67 583.80 ± 25.34 109.40 ± 3.74 11.67 ± 0.52 364.20 ± 11.55
227.04±8.34
Supplement (380)
St. John’s Wort
12.96 ± 0.34 591.00 ± 16.99 109.60 ± 4.30 11.32 ± 0.34 355.20 ± 13.43
207.40±18.01
Supplement (760)
St. John’s Wort
12.76 ± 0.67 558.00 ±13.39* 101.20 ± 4.68* 11.44 ± 0.48 324.80 ± 11.89
186.08±8.73*
Supplement (1520)
Five mice were used in each group
*p<0.05; (One way ANOVA and Post hoc Tukey-Kramer multiple comparison test was done individually for male, female and
different parameters)
Table 5: Effect of St. John’s Wort Supplement on Malondialdehyde and Glutathione (NP-SH) concentrations in liver and testes
of mice after sub-acute treatment
Hepatic tissue
Treatment and dose (mg/kg. Body
weight.

Malondialdehyde
concentrations
(nmol/g wet tissue)
Mean ± S.E

Testicular tissue

NP-SH concentration Malondialdehyde NP-SH concentration
(nmol/100 mg wet
concentrations
(nmol/100 mg wet
tissue)
(nmol/g wet tissue)
tissue)
Mean ± S.E
Mean ± S.E
Mean ± S.E

Control (tap water, 0.3 ml/mouse)
225.00±9.58
185.20 ±7.32
202.60±9.25
114.20 ±6.42
St. John’s Wort Supplement (380)
231.00±9.32
193.60 ±5.51
214.80±5.06
109.20 ±5.52
St. John’s Wort Supplement (760)
253.20±5.24
176.80 ±7.81
231.20±10.58
113.80 ±4.87
St. John’s Wort Supplement
266.40±12.78*
160.80 ±6.38*
238.00±28.69*
90.80 ±6.44*
(1520)
Five mice were used in each group
*p < 0.05 (One way ANOVA and Post hoc Tukey-Kramer multiple comparison test was done individually for male, female and
different parameters)
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Cytological Studies on Micronucleus Test

Estimation of MDA and NP-SH In the Testicular Cells

The sub-acute treatment with SJWS caused a
significant increase in the frequency of micronucleatedPCE at 760 (p<0.05) and 1520 (p<0.01) mg/kg/day. The
ratio of PCE/NCE in all the treatment groups was not
affected at any of the doses as compared to the values
obtained in the control group (Table 1).

The testicular levels of MDA and NP-SH were
significantly (p<0.05) increased and decreased
respectively at the high dose (1520 mg/kg/day) of SJWS
as compared to the values obtained in the control group
(Table 5).
Discussion

Cytogenetic Analysis for Meiotic Chromosomes
The frequency of aneuploids was found to
increase significantly at 760 (p<0.05) and 1520 (p<0.01)
mg/kg/day doses of SJWS. At these doses, the percent
polyploids and the total percent aberrations were also
significantly (p<0.05) increased as compared to the values
obtained in the control group (Table 2).
Cytological Analysis of Spermatozoa
The treatment with SJWS caused a significant
(p<0.05) increase in the frequency of banana shaped,
swollen achrosome and triangular head type of sperm
abnormalities at the high dose (1520 mg/kg/day) of
SJWS. At this dose, the percent total spermatozoa
abnormalities was also significantly (p<0.05) increased
as compared to the values obtained in the control group
(Table 3).
Estimation of Proteins and Nucleic Acids in the Hepatic
Cells
The treatment with SJWS failed to cause any
significant changes in the hepatic levels of proteins.
However, the concentrations of RNA and DNA in the
liver were found to deplete significantly (p<0.05) at the
high dose (1520 mg/kg/day) of SJWS as compared to the
values obtained in the control group (Table 4).
Estimation of Proteins and Nucleic Acids in the Testicular
Cells
The concentrations of proteins and RNA were not
affected in the testicular tissue. However, there was a
significant (p<0.05) decrease in the testicular levels of
DNA at 1520 mg/kg/day of SJWS as compared to the
values obtained in the control group (Table 4).
Estimation of MDA and NP-SH in the Hepatic Cells
The hepatic levels of MDA were not affected at the
lower doses (380 and 760 mg/kg/day) of SJWS.
However, a significant (p<0.05) increase of MDA
concentrations in the liver was observed at the high dose
(1520 mg/kg/day) of SJWS. At the same dose the hepatic
concentrations of NP-SH were significantly (p<0.05)
reduced as compared to the values observed in the
control group (Table 5).

The treatment with SJWS significantly increased the
frequency of micronucleated-PCE. These data clearly
showed genotoxic effect of SJWS in bone marrow
erythrocytes of Swiss albino mice. There are no parallel
studies on the genotoxic potentials of SJW (the major
ingredient of SJWS), except the report [33] which showed
that the ethanolic extract of SWJ failed to cause any
chromosome aberrations in the bone marrow cells of
Chinese hamster. The discrepancy between the results
might be due the difference in species (Syrian hamster and
Chinese hamster) used by Okpanyi et al. [33]. An earlier
study showed such differences are bound to reflect marked
changes in metabolism of drugs [34]. Furthermore,
Okpanyi et al. [33] used ethanolic extract, which might be
another basis for the observed discrepancy, because
different extracts of SJW are known to differ in their
chemical composition. A large number of reports are
published on SJW with regard to the changes in its
chemical constituents and discrepancies in the activity of
its extracts and different fractions of the plant. For
example, the CO2 extract of SJW is found to contain
30.14% hyperforin, whereas, in the methanolic extract, the
concentration of hyperforin was 4.67% [35].
Discrepancies are also observed in the activity of different
fractions of extracts from the same plant. Polyphenol
fraction exhibits the immunostimulating activity, whereas,
the lipophilic fraction of the plant exhibits
immunosuppressant properties with respect to cellular and
humoral immune response [36].
Rosemary and its constituents, carnosol or carnosic
acid were found to inhibit genotoxicity caused by
benzo[a]pyrene in human bronchial cells [15]. However,
in general the in vitro results are difficult to be compared
to the in vivo results [37]. Although, the constituents
(caffeic acid, rosmarinic acid, carnosol or carnosic acid) of
RM are reported to be antioxidants [15, 16, 17], the
content of RM in SJWS is too little to protect against the
toxic effects of SJW. The other minor ingredient (SP) also
was found to protect against the CP-induced genetic
damage [23]. The doses used in this study were 200, 400
or 800 mg/kg body weight and the duration of treatment
was 2 weeks. The content of SP in SJWS used in the
present study was 40 mg, which is very small quantity to
protect against the genotoxicity of SJW present in SJWS.
The increase in the frequency of micronuclei
observed in the present study is consistent with depletion
of DNA observed in the same study. The exact mechanism
of the formation of micronuclei is not known. However, it
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seems quite likely that there must have been bioactivation
of the SJW ingredients (flavonols and quercetin) to
alkylating intermediates [7]. In an earlier study, the
alkylating intermediates of phytotoxins were found to cause
genotoxicity by reacting with cellular macromolecules
including DNA [38]. The in vitro experiments on protection
against DNA adducts by RM and its constituents (carnosol
or carnosic acid) caused by benzo [a]pyrene stands no
comparison in view of the possible differences with the
present in vivo study [37]. Although there are no direct
experiments on the effect of SP on DNA, it was found to
protect against the genetic damage caused by CP [23].
Nevertheless, the dose of SP (200-800 mg/kg) is no
comparison to the content of SJW in SJWS.
During the current experiment, a significant increase
in MDA and decrease of NP-SH levels was observed in
the hepatic cells of mice in different groups. The results of
biochemical parameters of hepatic cells showed a
significant increase of MDA and decrease of NP-SH
respectively. These data correspond to an earlier report on
observed effect of SJW on histopathological changes that
revealed a severe damage in both livers and kidneys of
wister rats [5]. The data obtained clearly indicated a
weakening of the antioxidant defense system in the
hepatic cells which might have been responsible for the
induction of micronuclei. The results of the present study
are further supported by earlier findings. Cetiner et al. [39]
reported that lipid peroxidation, mediated by oxygen free
radicals, might be an important cause of deterioration and
damage to cell membranes, resulting in toxic injury to
bone marrow cells. Previous studies also confirmed that
lipid peroxides influence the induction of mutagenesis as
evidenced by the formation of micronuclei [40, 41].
Although, both the minor ingredients (RM and SP) and
their constituents are proven antioxidants [17, 20], the
quantities are too little to protect against the oxidative
potentials of SJW present in SJWS.
During present study, SJWS treatment increased the
frequency of spermatozoa abnormalities such as banana
shaped, swollen achrosome, triangular head and induced
the chromosomal aberrations (aneuploids, polyploids and
total aberrations) in the testes. Our data is in agreement
with the earlier observations where SJW was reported to
be mutagenic to sperm cells and showed spermicidal
effect leading to inhibition of sperm motility [4]. These
authors also demonstrated it to be mutagenic to sperm
cells. These data corresponds with the observation of
Ondrizek et al. [4] who showed SJW to possess
spermicidal effect, as revealed by inhibition of sperm
motility. These authors also demonstrated it to be
mutagenic to sperm cells. Earlier studies demonstrated
dependence of sperm abnormalities on chromosomalaberrations [28, 42]. The data on sperms and testes
chromosomes are in corroboration with the depletion of
testicular nucleic acids observed in the present study. The
exact mode of action of is not known, however; it might
be related with biochemical changes observed in the
testes, which showed increase of MDA and depletion of
DNA and NP-SH.
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The changes observed in the testes might be
responsible for the clastogenic effect in the target cells.
This observation confirms the previous reports in the
literature, which found sensitization of the target cells of
oxidant status [39, 43]. Cetiner et al. [39] reported that
lipid peroxidation mediated by oxygen free radicals, might
be an important cause of destruction and damage to cell
membranes, resulting in toxic injury to cells and tissues. In
earlier studies, the deficiency of endogenous antioxidants
has been described to interfere with meiosis and cause
chromosomal anomalies, thereby disrupting the structural
development of spermatozoa [28, 44]. There are related
studies on the sperm abnormalities caused by RM and/or
its constituents. However, they are known to improve
sperm motility [16]. SP was found to protect CP-induced
genetic damage to germ cells in the dose range of 200 to
800 mg/kg, which is much higher as compared to the SP
contents of SJWS and might be too less to protect the
sperm abnormalities caused by SJW.
The role of the constituent/(s) present in SJW, RM
and SP in the genotoxicity and biochemical changes
observed in the present study is not known. However, the
observed changes in the somatic and germ cells might be
attributed to the mutagenic constituents (terpenes,
sesquiterpenes, tannins and flavonoids [biflavones,
quercetin]) present in SJW [7, 10, 33, 45, 46]. Earlier
studies showed flavonols, quercetin and myricetin to cause
genotoxicity without metabolic activation [47]. Many
flavonoids and related compounds, such as quercetin,
kaempferol, neohesperidin and dihydrochalcones were
shown to cause chromosomal anomalies by micronucleus
test [48-50]. Subsequent studies on flavonoids revealed
their genotoxicity in the micronucleus assay in mouse
bone marrow erythrocytes, human lymphocytes; V79 cell
line [49] to be caused by the free radicals [50] and DNA
damage [51]. Von der Hude et al. [52] found some
terpenoids to develop mutagenicity in Salmonella
typhimurium in the presence of S9 mix. The active
principles (hypericin and hyperforin) might not have
contributed to the toxicity of SJW in view of the fact that
the activity of hypericin is related to the influence of light
[11, 12, 53] and hyperforin has the tendency to degrade at
temperatures higher than -70o C [13].
Considering the quantity of different ingredients
(SJW, RM and SP) in SJWS, it is likely that SJW, as the
major ingredient, might be responsible for the observed
toxicity of SJWS. The exact mechanism of the observed
genotoxic and biochemical supposed to be caused SJW is
not known. However; our results on biochemical analysis,
revealed the role of free radicals in the induction of the
observed genotoxicity appears to be mediated through the
reactive oxygen species. Our results are supported by
recent studies, which have drawn a clear relation between
the genesis of free radicals and the induction of
genotoxicity [54, 55] Nevertheless, these data contradicts
the literature reports on different extracts of SJW and a
large number of constituents (terpenes, sesquiterpenes,
tannins and flavonoids (quercetin and biflavones) of SJW,
that are found to be antioxidants and known to protect

Int. J. Environ. Res. Public Health 2008, 5(5)
against genotoxicity and/or carcinogenicity [56-62]. The
discordance in these results might be due to the redox
state of the cells and the pre-loading of SJWS much before
the exposure of the tissues to oxidant injury. The
difference in duration and quantity of exposures might
have determined the proportion of antioxidant/oxidant
ratio and the related outcome. Furthermore, it is difficult
to correlate the effect of SJWS as a whole drug and the
reported effects of the different constituents of SJWS.
Since, SJW is known to influence the cytochrome P450
and mixed functional oxidase system [24], it is possible
that the metabolism of some of the constituents of SJW
might have been inhibited as a result of the known activity
of SJWS as a whole product.
Taken together, the results obtained in the present
study revealed genotoxicity of SJWS, which might be
related to the SJW, as the major ingredient. These changes
might be attributed to the epigenetic mechanisms as
revealed by an increase in the concentrations of MDA and
a decrease of NP-SH levels in hepatic and testicular cells.
In view of the additive and supra-additive effects of
plant’s multiple constituents, the mechanism of action of
the different constituents present in SJW is uncertain.
There is scope for synergy through pharmacokinetic
and/or pharmacodynamic interactions, which might result
in beneficial and/or harmful results [63]. Nevertheless, the
observed effect might be related to the combined and/or
individual effects of the different constituents of SJW,
excluding hypericin, which is known to activate under the
influence of light and hyperforin, which is unstable at
variations in temperature above -70o C. Further
experiments are suggested on clinical and experimental
toxicity of SJWS under exposure to light and also at
varying temperatures to determine the exact mechanism of
action and the role of active principles of SJW.
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