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Abstract

Objectives: Hypericum perforatum L. is a medicinal plant
containing many polyphenolic compounds, including flavonoids
and phenolic acids with antidepressant and anti-inflammatory
properties. This study was investigated the effects of Hypericum
perforatum extract (HPE) on immunity, body weight (BW), and
spleen index (SI) in rats.

Materials and Methods: A total of 24 Wistar male rats were
randomly received 4 different doses (6 rats each) of HPE (0, 100, 200
and 400 mg/kg BW) intraperitoneally for 14 days using a completely
randomized design. On days 1 and 7, rats were received 0.5 ml SRBC
(10%) injection. Blood samples were collected on day 14 to evaluate
IgG titer and leukocyte count. On days 1, 7 and 14, the BW and on
day 14 spleen were weighted for SI.

Results: The 1gG titer increased with higher doses of HPE. The
HPE increased number of lymphocytes at 200 mg but decreased at
400 mg, number of neutrophils decreased at 200 mg but increased
at 400 mg, and number of monocytes increased at 100 mg and 200
mg but decreased at 400 mg (p<0.01). Increasing doses of HPE
lowered BW (p<0.01). The HPE increased Sl at 100 mg and 200
mg but decreased at 400 mg (p>0.072).

Conclusions: The results showed that HPE slightly improved 1gG
titer but significantly increased the number of leukocytes and
monocytes at 200 mg, and neutrophils at 400 mg. The HPE decreased
BW at 100 mg and 200 mg with no damage on spleen.
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Introduction

Today, herbal products are being used
increasingly in many countries especially in
Iran. In fact, 80% of the world population
relies primarily on herbal remedies (Austin,

1998). The herbal products are being used
for the enhancement of general health and
to boost the immune system ability to
combat diseases such as common cold,
rheumatoid arthritis, and even cancers
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(Andrew and Catherine, 1999). One of the
proposed health beneficial herbal medicines
is Hypericum perforatum L. which is a
perennial plant native to Europe and Asia
(Bombardelli and Morazzoni, 1995).

This plant has been used for its
medicinal properties in various ways for
many Yyears. In the last two decades, the
pharmacological studies showed the
antidepressant properties of Hypericum
perforatum (Chatterjee et al., 1998). Other
studies reported that the plant extract has
anti-viral (Richer and Davies, 1995), anti-
microbial  (Fitzpatrick, 1954), anti-
inflammatory (Kumar et al., 2001), anti-
tumor, anti-angiogenic, and anti-oxidant
properties (Cuzzocrea et al., 2001). The
main chemical compounds engaged in
these activities are naphtodianthrones
(hypericins), phloroglucinols (hyperforins)
and flavonoids (Nahrstedt and Butterweck,
1997).

It has been reported that Hypericum
perforatum has an immunostimulatory
effect in vitro (Wilasrusmee et al., 2002).
Another study suggested that the
biologically active products obtained from
Hypericum perforatum could exhibit
immunotropic properties (Schempp et al.,
2003). Recently, Jiang et al (2012) reported
that  Hypericum  perforatum  extract
administration as a dietary supplement in
the peri-immunization period improved the
humoral immunity of hens to the influenza
vaccine. However, Liu et al. (2000) showed
that there were significant variations in the
amounts of major components among five
different brands of Hypericum perforatum.
In addition, there is a lack of
comprehensive studies which determine the
certain doses of this plant for human usage
and its level of toxicity. Therefore, the aim
of present study is to investigate the effects
of four different doses of Hypericum
perforatum extract (0, 100, 200 and 400
mg/kg body weight) for 14 days on
humoral and cellular immunities, body
weight and spleen index in Wistar male
rats.

Materials and Methods
Plant material and extract preparation
Dried plant of Hypericum perforatum
was prepared from Khorasan Science and
Technology Park. The aerial parts of plant
were crude and macerated in 50% ethanol
then filtered after 72 hrs. The samples were
concentrated under reduced pressure in a
rotary evaporator at 40°C to remove
ethanol. The remaining aqueous part was
Iyophilized at -80°C (Can-Ozgir et al.,
2008).

Rats and treatments

Wistar male rats (200-250g) were
obtained from the Pasteur Institute of
Tehran, Iran. The rats were maintained in
animal house facility in the faculty of
Agriculture at  Ferdowsi  University,
Mashhad. The animal house maintained at
22+1°C with 12hrs light : 12hrs dark cycle.
Rats had ad libitum access to standard
laboratory chow and tap-water. A total of
24 male rats were randomly assigned into 4
treatment groups of HPE (0, 100, 200 and
400 mg/kg BW) with 6 rats in each
treatment group using the completely
randomized design. The rats in the
treatment groups received HPE
hydroalcoholic and the control group
received 10 mL normal saline injection
(intraperitoneally, i.p.) for 14 days.

Humoral antibody response to SRBC

The SRBCs (sheep red blood cells) test
was applied to determine the level of
immunoglobulin G (IgG) in different
treatment groups. All rats were inoculated
with SRBCs (10% suspension in PBS, 0.5
mL of 1x10%ul/rat) on day 1 and
challenged on day 7 (Vaibhav and Arun
Kumar, 2010, Agrawal et al., 2010). On
day 14, blood samples were collected from
the heart of rats to determine the
concentration of 1gG in serum, using a
sandwich enzyme linked immune sorbent
assay (ELISA) kit (GWB- BAA3AS,
Genway-Biotech, USA).
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Blood leukocyte count

Blood samples were collected for
leukocytes count (%) on day 14, using an
optical microscope. For differential of
leukocytes, the smear slides were stained
with Giemsa then lymphocytes, monocytes,
and neutrophils were counted and presented
as percentage (Lucas and Jamroz, 1961).

Body weight and spleen index

Body weight of rats was measured on
days 1, 7 and 14 in different treatment
groups. At the end of experiment, spleen
was removed and weighed by an electronic
balance and the spleen index was calculated
according to the following formula (Xia et
al., 2010):
Spleen index = spleen weight (g)/ body
weight (g) x100

Statistical analysis

The data was analysed by
Statistical Analysis System software
(9.1) and is shown in mean + SEM.
Statistical analysis was accomplished using
one-way analysis of variance (ANOVA)
and for post-hoc Duncan’s multiple range
test was applied. The significance level was
presented at p<0.05.

Results
Anti-SRBC titers

The results of immunoglobulin (IgG)
responses to different doses of HPE in rats
on day 14 are shown in Table 1. The effect

of Hypericum perforatum hydroalcoholic
extract on IgG titers in rats showed no
significant differences between treatment
groups. The level of IgG titers displays
upward trend with increasing HPE doses
compared to control group.

Blood leukocyte count

The results of leukocyte enumeration
(%) on day 14 in rats treated with different
levels of HPE are presented in Table 2. The
percentage of lymphocytes significantly
increased at 200 mg but decreased at 400
mg HPE in rats (p<0.01). The percentage of
neutrophils significantly decreased at 200
mg but increased at 400 mg HPE in rats
(p<0.01). The percentage of monocytes
significantly increased at 100, 200 and 400
mg HPE in rats (p<0.01).

Body weight

The results of body weight on days 1, 7,
and 14 in rats treated with different doses
of HPE are showed in Table 3. The weight
of body decreased significantly on days 7
and 14 by increasing HPE doses compared
to the control group (p<0.01).

Spleen index

The results of spleen index in rats
treated with different doses of HPE on day
14 are shown in Table 4. The spleen index
increased at 100 mg (p<0.05) and 200 mg
but decreased at 400 mg HPE in compare to
the control group (p<0.072).

Table 1. Effects of different doses of Hypericum perforatum extract on IgG concentration in male rats

Hypericum perforatum hydroalcoholic extract (mg/kg BW)

0

100 200 400

Level of 1IgG (ng/ml) 404.50 +21.47

409.61 +21.47

41412 +21.47 418.36 +21.47

Values are means + SEM; 'p<0.01, Duncan’s test as compared to the control group.
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Table 2. Effects of different doses of Hypericum perforatum extract on leukocyte subset count in rats

Hypericum perforatum hydroalcoholic extract (mg/kg B
Parameters (10%/pl) P p y (mg/kg BW)

0 100 200 400
Lymphocytes 67.00+3.14 65.66 + 3.14 74.66 + 3.14* 49.33 £3.14*
Neutrophils 27.66 +1.15 25.66 £1.15 19.65 + 1.15* 43.00 £1.15*
Monocytes 5.30 £ 0.86 15.00 + 0.86* 8.66 + 0.86* 10.66 + 0.86*

Values are means = SEM; "p<0.01, Duncan’s test as compared to the control group.

Table 3. Effects of Hypericum perforatum extract on body weight in days 1, 7 and 14 in male rats

Hypericum perforatum hydroalcoholic extract (mg/kg BW)

Body weight (g)
0 200 400
1st day 213 214 210
7th day 251+ 6.10 218 +6.10* 211 +6.10* 198 + 6.10*
14th day 258 £5.67 225 +5.67* 219 +5.67* 209 +5.67*

Values are means + SEM; "p<0.01, Duncan’s test as compared to the control group.

Table 4. Effects of different levels of Hypericum perforatum extract on spleen index in male rats

Hypericum perforatum hydroalcoholic extract (mg/kg BW)

Parameter

0

200 400

Spleen Index (mg) 3.70+0.30

4.70 + 0.30*

4.20+0.30 3.40+0.30

Values are means + SEM; “p<0.05, Duncan’s test as compared to the control group.

Discussion

Most  herbal  medicines  contain
chemicals such as hypericins, hyperforins,
and flavonoids that could affect the
immune system in different ways
(Wilasrusmee et al., 2002; Jiang et al.,
2012). Some studies have reported that
Hypericum perforatum had significant
therapeutic efficacy and could improve
immunologic  functions for chickens
infected experimentally with IBDV and
AlV, respectively (Ruofeng et al., 2012;
Landy et al., 2012). In a recent study,
researchers showed that orally-
administered  Hypericum  perforatum
extract (HPE) could stimulate the SOCS3
pathway (transcription of suppressor of
cytokine signalling 3) and consequently
cause impaired immune defense against
influenza virus infection which could
lead to higher mortality in mice (Huang et

al., 2013). In this experiment, although the
IgG concentrations in rats injected with
different levels of HPE was not
significant, however as the doses of HPE
increased, the IgG titer increased as well.
Likewise, oral administrations of HPE to
mice infected with the influenza A virus
(HIN1) was highly effective in preventing
of death (Xiuying et al., 2009). In
addition,  another  study  reported
immunostimulating activity of polyphenol
fraction of Hypericum perforatum with
respect to the system of mononuclear
phagocyte system, cellular and humoral
immunity (Evstifeeva and Sibiriak, 1996).

Lymphocytes are a type of white blood
cells that provide a means for humoral and
cellular immunities and usually increases
in the presence of infection or antigens. In
this study, the number of lymphocytes
differ significantly among doses, though it
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tended to increase at 200 mg and decrease
at 400 mg HPE (p<0.01). Similarly, in
other trials in mice, the use of Hypericum
scabrum extract had significant effect on
lymphocytes, neutrophils, and eosinophils
that increased in treatment group (Pirbaluti
et al., 2011). In this research, the number
of neutrophils decreased at 200 mg but
increased at 400 mg and the number of
monocytes increased in all treatments
(P<0.01). However, it has been suggested
that high dose of external substance can
lead to consequences of stress in body
which results in  demargination of
neutrophils (Bafor and Igbinoun, 2008).
Overall, this study showed that HPE at 200
mg/kg BW is a safe dose to be used and
has beneficial effects on immune system
of rats.

The results obtained from this study
indicated that HPE treatments reduced
body weight in rats within 14 days. In
contrast, weight gain has reported in mice
treated with 100 and 1000 mg/kg BW of
Hypericum scabrum extract for 2 weeks
(Pirbaluti et al., 2011). Several studies
suggested that HPE increases monoamine
levels in synaptic clefts (Hirano et al.,
2004; Mudller, 2003b). Furthermore, it is
suggested that the hypophagic effect of
HPE seems to be related to the rise in
monoamine levels in central nervous
system of rats (Can Ozgiir et al., 2008). It
also has been reported that activation of
some serotonergic receptor subtypes (5-
HT2C and 5-HT1B) reduces appetite and
food intake (Dalton et al., 2006;
Bickerdike, 2003). In the present study, a
decreasing trend of body weight with
increasing doses during 7 and 14 days was
observed.

Spleen functionally filters red blood
cells and involves in active immune
response through humoral and cell-
mediated pathways. It has been reported
that the spleen contains in its reserve half
of the body’s monocytes within the red
pulp (Weissleder and Pittet, 2009). In this
experiment, the HPE increased spleen
index at 100 mg and 200 mg which

represent improvement of spleen activity,
however, the SI decreased at 400 mg. So,
it is possible that the value of 400 mg HPE
might cause toxicity (functional asplenia).
The result of this study provides new
evidences about the mechanism of action
of Hypericum perforatum L. which is a
dose-dependent influence on the immune
system. The results suggested that the safe
and effective level of HPE is 200 mg/kg
BW and the 400 mg may cause toxicity in
spleen and reduce body weight in rats.

Acknowledgement

Authors are thankful to the research
council of Animal Science Research
Center of Ferdowsi University of Mashhad
(FUM) for financial support of this study,
Mashhad, 91775-1163, IRAN.

Conflict of interest
The authors declare no conflict of
interest with this work.

References

Agrawal SS, khadase SC, Talele GS. 2010.
Studies on immunomodulatory activity of
Capparis zeylanica leaf extracts. Int J
Pharm Sci Nanotech, 3: 887-892.

Andrew V, Catherine Z. 1999. ABC of
complementary medicine: Herbal Med J,
319: 1050-1053.

Bafor EE, Ighbinuwen O. 2009. Acute toxicity
studies of the leaf extract of Ficus
exasperata on haematological parameters,
body weight and body temperature. J
Ethnopharmacol, 123: 302-307.

Bickerdike MJ. 2003. 5-HT2C receptor
agonists as potential drugs for the treatment
of obesity. Curr Top Med Chem, 3: 885-
897.

Bombardelli E, Morazzoni P. 1995.
Hypericum perforatum. Fitoterapia, 66: 43-
68.

Can-Ozgir D, Ozkay-Demir U, Oztirk N,
Oztirk Y. 2008. Hypophagic effect of
Hypericum perforatum L. on rats.
Federation Asian Pharmace Asso Cong

AJP, Vol. 4, No. 6, Nov-Dec 2014 417



Aghili et al.

(FAPA), Singapore, Proceedings and
Abstracts, SCPO, 26, p.424.

Chatterjee SS, Bhattacharya SK, Wonnemann
M, Singer A, Muller WE. 1998a.
Hyperforin as a possible antidepressant
component of Hypericum extracts. Life Sci,
63: 499-510.

Cuzzocrea S, Riley DP, Caputi AP, Salvemini
D. 2001. Antioxidant therapy: a new
pharmacological approach in  shock,
inflammation, and ischemia/reperfusion
injury. Pharmacol Rev, 53: 135-159.

Dalton GL, Lee MD, Kennett GA, Dourish
CT, Clifton PG. 2006. Serotonin 1B and 2C
receptor interactions in the modulation of
feeding  behaviour in the mouse.
Psychopharm (Berl), 185: 45-57.

Fitzpatrick FK. 1954. Plant substances active
against  Mycobacterium  tuberculosis.
Antibio Chemother, 4: 528-536.

Evstifeeva TA, Sibiriak SV. 1996. The
immunotropic properties of biologically
active products obtained from Klamath
weed (Hypericum perforatum L.). Eksp
Klin Farmakol, 59: 51-54.

Hirano K, Kato Y, Uchida S, Sugimoto Y,
Yamada J, Umegaki K, Yamada S. 2004.
Effects of oral administration of extracts of
Hypericum perforatum (St John's wort) on
brain  serotonin transporter, serotonin
uptake and behaviour in mice. J Pharm
Pharmacol, 56: 1589-1595.

Huang N, Singh N, Yoon K, Loiacono CM,
Kohut ML, Birt, DF. 2013. The immuno-
regulatory impact of orally-
administered Hypericum perforatum extract
on Balb/C mice inoculated with H1nl
influenza A virus. PLoS ONE 8: e76491.

Jiang W, Liu Y, Zheng H, Zheng Y, Xu H, Lu
H. 2012. Immune regulation of avian
influenza vaccine in hens using Hypericum
perforatum L. methanol extraction. Plant
Omics J, 5: 40-45.

Kumar V, Singh PN, Bhattacharya SK. 2001.
Anti-stress activity of Indian Hypericum
perforatum L. Indian J Exp Biol, 39: 344-
349.

Landy N, Ghalamkari GH Toghyani M. 2012.
Evaluation of St John's Wort (Hypericum
perforatum L.) as an antibiotic growth
promoter substitution on performance,
carcass characteristics, some of the immune
responses, and  serum  biochemical
parameters of broiler chicks. J Med Plants
Res. 6: 510-515.

Liu FF,Ang CY,Heinze TM, Rankin
JD, Beger RD, Freeman JP,Lay JO Jr.
2000. Evaluation of major active
components in St. John's Wort dietary
supplements by high-performance liquid
chromatography with photodiode array
detection and electrospray mass
spectrometric confirmation. J Chromatogr
A, 888: 85-92.

Lucas, AM, Jamroz C. 1961. Atlas of avian
hematology. USDA Agriculture
Monograph Gr 25. USDA, Washington
DC.

Miiller WE. 2003. Current St. John’s wort
research from mode of action to clinical
efficacy. Pharmacol Res, 47: 101-109.

Nahrstedt A, Butterweck V. 1997.
Biologically active and other chemical
constituents of the herb of Hypericum
perforatum L. Pharmacopsychiatry, 30:
129-134.

Pirbaluti AA, Jafarian Deh Kordi M, Poor
Hakim Davoodi R, Hamedi R, Rabie M.
2011. Effects of Hypericum scabrum L. on
hematology, weight and body temperature
of mous. J Herbal Med, 1: 25-31.

Richter A, Davies DE. 1995. Effects of
anthralin and hypericin on growth factor
signaling and cell proliferation in vitro.
Biochem Pharma, 50: 2039-2045.

Ruofeng S, Cheng H, Jiongran C, Xiuying
P, Yu L, Lanying H, Ling W, Jianping L.
2012. Hypericum perforatum extract
therapy for chickens experimentally
infected with infectious bursal disease virus
and its influence on immunity. Can J Vet
Res, 76: 180-185.

Schempp CM, Winghofer B, Miiller
K, Schulte-Mdénting J, Mannel M, Schopf
E, Simon JC. 2003. Effect of oral
administration of Hypericum perforatum
extract (St. John's Wort) on skin erythema
and pigmentation induced by UVB, UVA,
visible light and solar simulated radiation.
Phytother Res, 17: 141-6.

Vaibhav DA, Arun Kumar W. 2010.
Immunomodulatory effect of alcoholic
extract of terminalia chebula ripe fruits.
Pharma Sci Res, 9: 539-544,

Weissleder R, Pittet MJ. 2009. Identification
of splenic reservoir monocytes and their
deployment to inflammatory sites. Sci, 325:
612-616.

Wilasrusmee C, Kittur S, Siddiqui J, Bruch D,
Wilasrumee S, Kittur DS. 2002. In Vitro

AJP, Vol. 4, No. 6, Nov-Dec 2014 418


http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20FF%5BAuthor%5D&cauthor=true&cauthor_uid=10949475
http://www.ncbi.nlm.nih.gov/pubmed?term=Ang%20CY%5BAuthor%5D&cauthor=true&cauthor_uid=10949475
http://www.ncbi.nlm.nih.gov/pubmed?term=Heinze%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=10949475
http://www.ncbi.nlm.nih.gov/pubmed?term=Rankin%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=10949475
http://www.ncbi.nlm.nih.gov/pubmed?term=Rankin%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=10949475
http://www.ncbi.nlm.nih.gov/pubmed?term=Beger%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=10949475
http://www.ncbi.nlm.nih.gov/pubmed?term=Freeman%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=10949475
http://www.ncbi.nlm.nih.gov/pubmed?term=Lay%20JO%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=10949475
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shang%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=He%20C%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pu%20X%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pu%20X%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20Y%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hua%20L%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20L%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liang%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Schempp%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=12601676
http://www.ncbi.nlm.nih.gov/pubmed?term=Winghofer%20B%5BAuthor%5D&cauthor=true&cauthor_uid=12601676
http://www.ncbi.nlm.nih.gov/pubmed?term=M%C3%BCller%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12601676
http://www.ncbi.nlm.nih.gov/pubmed?term=M%C3%BCller%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12601676
http://www.ncbi.nlm.nih.gov/pubmed?term=Schulte-M%C3%B6nting%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12601676
http://www.ncbi.nlm.nih.gov/pubmed?term=Mannel%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12601676
http://www.ncbi.nlm.nih.gov/pubmed?term=Sch%C3%B6pf%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12601676
http://www.ncbi.nlm.nih.gov/pubmed?term=Sch%C3%B6pf%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12601676
http://www.ncbi.nlm.nih.gov/pubmed?term=Simon%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=12601676
http://www.ncbi.nlm.nih.gov/pubmed/12601676

Effects of Hypericum perforatum extract on immunity, body weight and spleen index in rats

immunomodulatory  effects of  ten
commonly used herbs on  Murine
lymphocytes. J Altern Complement Med, 8:
467-475.

Xia Z, Wang G, Wan C, Liu T, Wang S, Wang

B, Cheng R. 2010. Expression of NALP3 in
the spleen of mice with protal hypertension.
J Huazhong Univ Sci Tech Med Sci, 30:
170-172.

Xiu-ying Pu, Jian-ping Liang, Ruo-feng

Shang, Xue-hong Wang, Lan-ying Hua, Yu
Liu. 2009. Influence of Hypericum
perforatum extract on piglet infected with
porcine respiratory and reproductive
syndrome virus. Agricul Sci China, 8: 730-
739.

AJP, Vol. 4, No. 6, Nov-Dec 2014 419



