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Use of Carnosol as a Highly Immunosuppressive Agent
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Background: Suppression of the immune responses, using products derived from medicinal plant, as a likely therapeutic measure, has 
become an important subject of scientific studies, recently. Rosmarinus officinalis (Lamiaceae), known as rosemary, is widely distributed 
in many parts of the world.
Objectives: The immunomodulatory effect of carnosol, a natural antioxidant derived from rosemary, was investigated using BALB/c mice.
Materials and Methods: Carnosol was administered at doses of 0.04, 0.2, 0.8, 2.4 and 4 mg/kg, for 5 days. Another group of mice was 
treated with 20 mg cyclophosphamide/kg/day (positive control); a final group received solvent only (solvent control). Delayed-type of 
hypersensitivity response and hemagglutination titer were studied in these groups of animals.
Results: Results showed that three high doses of carnosol (0.8, 2.4 and 4 mg/kg) could significantly suppress both cellular and humoral 
activity of the immune system. Interestingly, carnosol, at doses of 2.4 and 4 mg/kg, was able to inhibit acquired immunity, higher than 
cyclophosphamide, which is a known potent immunosuppressant.
Conclusions: Based on its effects, carnosol might be considered a source of drug, showing effective immunosuppression properties. 
Further studies should be performed on carnosol to develop an effective immunosuppressive drug or coadjuvant for the treatment of 
disorders caused by an exaggerated or unwanted immune response.
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1. Background 
A broad range of immunosuppressants have now been 

approved to limit unwanted immune responses, particu-
larly those creating autoimmune disease and graft rejec-
tion. Use of immunosuppressive agents has notably in-
creased 1-year survival (up to 90%) in patients with renal 
transplant. However, patients who use immunosuppres-
sants (cyclosporine and tacrolimus) suffer from a number 
of serious side effects, such as nephrotoxicity, hepatotoxic-
ity, neurotoxicity, induction of diabetes and hypertension 
(1). For this reason, there is a high demand for new immu-
nosuppressive agents. The immunosuppressive agents 
without any side effects have been a challenge to the 
medical system. Suppressing of the immune responses 
using products of medicinal plants, as a likely therapeu-
tic measure, has become an important subject of scien-
tific studies, recently (2). Despite the overt reviews about 
the presence of immunostimulant compounds in plants, 
there is only little information about immunosuppressive 
products of plant origin. If these products are well toler-
ated by the patient, they can be developed into alternative 
coadjuvants in the treatment of disorders caused by an 

exaggerated or unwanted immune response, such as auto-
immune diseases, allergies, glomerulonephritis (3).

Rosmarinus officinalis (Lamiaceae), known as rosemary, 
is a herb locally to the Mediterranean region, which is 
also widely distributed in many parts of the world (4). 
It is used as a source of antioxidants in food industry (5, 
6). Antioxidant activity of rosemary is originated from 
several polyphenolic compounds, such as carnosol and 
carnosic acid (6, 7). In a small number of studies, anti-in-
flammatory and anticancer properties of carnosol have 
been demonstrated (7-10). In one study, performed by 
John et al., the anti-inflammatory effects of carnosol were 
attained via reducing nitric oxide (NO) and pro-inflam-
matory leukotrienes levels (7). 

2. Objectives
According to the mentioned background, the present 

study was carried out to evaluate the immunomodula-
tory activity of carnosol. Therefore, in this study, we de-
cided to investigate the effects of subacute exposure to 
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carnosol on the functions of the acquired immune sys-
tem cells, using hemagglutination (HA) titer and delayed 
type hypersensitivity tests (DTH). To our knowledge, this 
is the first time that effects of carnosol on acquired im-
munity are investigated.

3. Materials and Methods

3.1. Animals
Male BALB/c inbred mice (6–8 weeks old, 19–21 grams 

body weight) were purchased from Bu-Ali research cen-
ter, Mashhad university of medical sciences, Mashhad, 
Iran. Animals were acclimatized for 1 week in the lab, pri-
or to administration. The mice were randomly allocated 
into seven groups (six mice per group). Seven groups of 
mice were treated with different doses of carnosol (five 
doses), positive (cyclophosphamide) and negative (car-
nosol solvent) controls. Mice were housed in polystyrene 
cages, with free access to food and water, with an ambient 
temperature of 20 - 25ºC. 

3.2. Chemicals
Carnosol and dimethylsulfoxide (DMSO) were pur-

chased from Sigma-Aldrich (Dorset, UK). To prepare dif-
ferent doses, carnosol was dissolved in the solution of 
DMSO/phosphate-buffered saline (PBS) (1/20). Sheep red 
blood cells (SRBCs) were obtained from Razi Institute 
(Mashhad, Iran). The SRBC suspension was washed three 
times with pyrogen free sterile PBS. The pellet was diluted 
with PBS to prepare a suspension of 5 × 109 cells/mL, as 
stock suspension. Then, SRBCs were used for sensitiza-
tion and challenge at required time schedule.

3.3. Delayed-Type Hypersensitivity Response
Thirty male mice were randomized into seven groups 

of five mice per group. On the first day, they were subcu-
taneously immunized with 100 µL of a solution contain-
ing 1 × 108 SRBCs suspended in PBS. Five groups received 
the serial concentrations (0.04, 0.2, 0.8, 2.4, 4 mg/kg/day) 
of carnosol (100 µL) via the intraperitoneal (ip) route, 
during a 5-day period. The negative and positive con-
trol groups received the carnosol solvents [a solution of 
DMSO/PBS (1/20)] or cyclophosphamide (20 mg/kg/day) 
through the same route and time, respectively. The doses 
of carnosol used here were based on the study of Beninca 
et al. (2011), demonstrating the anti-inflammatory effects 
of carnosol (11). On the 5th day, the sensitized animals 
were subcutaneously challenged with 1 × 108 SRBCs (50 
µL) in the left hind footpad. The right hind footpad was 
injected with the same volume of PBS to serve as trauma 
control for nonspecific swelling. The footpad thickness 
was measured at 24, 48, and 72 hours after the booster in-
jection of SRBCs. The results were calculated according to 
the following formula (Equation 1).

(1) (Left footpad challenged with SRBC−right footpad)×100
Right footpad

3.4. Hemagglutination Titer Assay
Mice were divided into groups of five animals. On the 

first day, the mice were immunized with 1 × 108 SRBCs, 
suspended in PBS via the ip route. The serial concentra-
tions (0.04, 0.2, 0.8, 2.4, 4 mg/kg/day) of carnosol (100 
µL) or the solution of DMSO/PBS (1/20) (negative control) 
were ip administered to each group, for 5 days. Positive 
control groups were administered cyclophosphamide 
(20 mg/kg per day, ip). On the 6th day, blood samples 
were obtained. After preparing sera from peripheral 
blood samples, aliquots of two-fold diluted sera in PBS 
were challenged with 1 × 108 SRBCs/tube, in glass tubes. 
The tubes were incubated at 37ºC for 1 hour and then ob-
served for HA. The highest dilution giving HA was taken 
as the antibody titer.

3.5. Statistical Analysis
Data were statistically analyzed using Student’s t-test to 

determine significant differences in the data of various 
groups. Statistical tests were conducted using INSTAT 
software (GraphPad, San Diego, CA, USA). Only P values 
< 0.05 were considered significant. The values are ex-
pressed as Means ± standard elevation (SE).

4. Results

4.1. Delayed-Type Hypersensitivity Response
Comparative data of DTH among the seven groups are 

shown in Table 1. The results showed that the doses of 0.8, 
2.4 and 4 mg/kg/day of carnosol significantly contrib-
uted to smaller DTH response after 24, 48 and 72 hours, 
after the footpad challenge, as compared to negative 
control (P < 0.001). Carnosol, at doses of 0.04 mg/kg, did 
not show any significant changes in DTH response after 
24 and 48 hours, in comparison to negative control (P > 
0.05), whereas this dose of carnosol was able to suppress 
hypersensitivity, 72 hours after challenge (P < 0.01). The 
positive control group showed significant suppression in 
DTH response (P < 0.001).

4.2. Serum Antibody Titer: Hemagglutination Titer 
Assay

Mean ± SE antibody titer are presented in Table 2. 
Chart illustrates that treatment with carnosol at doses 
of 0.8, 2.4 and 4 mg/kg/day reduced the concentration 
of SRBC-specific antibodies, whereas no significant dif-
ference in antibody titer was observed in the groups 
given lower doses of carnosol (0.04 and 0.2 mg/kg/day). 
The positive control group showed significant suppres-
sion in HA titer (P < 0.001).
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Table 1.  Results of Delayed Type Hypersensitivity Test a,b

Groups 24 h 48 h 72 h

Solvent 14.9 ± 0.42 18.6 ± 1.2 16.46 ± 0.47

Cyclophosphamide 20 mg/kg 11.59 ± 0.48 c 10.4 ± 0.48 c 8.88 ± 0.36 c

Carnosol 0.04 mg/kg 14.39 ± 0.6 15.65 ± 0.36 13.36 ± 0.85 d

Carnosol, 0.2 mg/kg 13.03 ± 0.4 14.49 ± 0.62 c 11.57 ± 0.33 c

Carnosol, 0.8 mg/kg 10.87 ± 0.48 c 12.32 ± 0.5 c 9.27 ± 0.36 c

Carnosol, 2.4 mg/kg 9.26 ± 1.18 c 9.53 ± 0.21 c 7.18 ± 0.31 c

Carnosol, 4 mg/kg 8.91 ± 0.77 c 7.20 ± 0.25 c 5.55 ± 0.39 c
a  Data are shown as mean ± SE.
b  Five groups of SRBCs inoculated mice were treated with serial concentrations of carnosol (0.04, 0.2, 0.8, 2.4 and 4 mg/kg/day) for five consecutive 
days; the negative control group received carnosol solvent; positive control group were administered cyclophosphamide (20 mg/kg/day), after which 
the booster SRBC was injected to the left hind foot pad of each mouse; the percentage of foot pad swelling was measured after 24, 48 and 72 hours.
c  P < 0.001 indicates significant changes compared to control group (solvent). 
d  P < 0.01 indicates significant changes compared to control group (solvent).

Table 2.  Results of Hemagglutination Assay a,b

Groups Hemagglutination Titer

Solvent 102.4 ± 15.6

Cyclophosphamide 20 mg/kg 25.6 ± 10.55 c

Carnosol 0.04 mg/kg 102.4 ± 15.67

Carnosol 0.2 mg/kg 60.8 ± 19.20

Carnosol 0.8 mg/kg 27.2 ± 4.8 d

Carnosol 2.4 mg/kg 14.4 ± 1.6 d

Carnosol 4 mg/kg 2.8 ± 0.48 d
a  Data are shown as mean ± SE.
b  Groups represent the different doses of carnosol in mg/kg/day, which were administered to the SRBC injected mice; the negative control group was 
inoculated with carnosol solvent; positive control groups were administered cyclophosphamide.
c  P < 0.01 indicates significant changes compared to the control group (solvent).
d  P < 0.001 indicates significant changes compared to the control group (solvent).

5. Discussion
Carnosol is a dietary diterpene isolated from rosemary 

(≈ 5% of the weight of rosemary leaves are carnosol/car-
nosic acid) that has anti-inflammatory and anti-cancer 
properties (7, 12, 13). In this study, we focused on effect of 
carnosol on the acquired immune response. The results 
revealed that carnosol, at higher doses, could diminish 
the function of humoral and cellular immunity. It exhib-
ited significant immunosuppression effect in a dose de-
pendent manner. Interestingly, carnosol, at doses of 2.4 
and 4 mg/kg/day, was able to inhibit acquired immunity 
higher than cyclophosphamide, which is a known potent 
immunosuppressant. 

A significant decrease in DTH and HA may suggest a di-
rect effect on the activation and differentiation of the T 
and B lymphocytes, respectively (14). Acquired immunity 
includes two arms: the effector B-cell arm and effector T-
cell arm, which act together to destroy non-self. The equi-
librium between oxidizing and reducing agents within 
these cells controls their redox state. Transient controlled 
changes in the redox state, such as elevated production 

of reactive oxygen species, are critical for signaling and 
induction of various biological processes. Low levels of 
reactive oxygen species (ROS) have been shown to be vi-
tal for T-cell function (15). One study has reported that 
small amounts of ROS are pivotal for inducing transcrip-
tion of nuclear factor kB (NF-kB) and gene expression of 
cytokines and receptors required for T-cell proliferation, 
highlighting an important role for cellular redox envi-
ronment on T-cell function (16). On the other hand, sup-
pression of humoral immunity response to SRBC (a T-de-
pendent antigen) may be a side effect of T cells. Therefore, 
carnosol, at high doses, may act as a potent antioxidant (a 
polyphenolic compound) to remove needed ROS for acti-
vation and proliferation of T-cells. 

Inhibitory effects of carnosol may also be due to the 
likely interaction of carnosol with other processes in-
volved in the stimulation of acquired immunity, such as 
antigen presentation or co-stimulatory factor produc-
tion. Specifically, Lo et al. (2002) reported that treatment 
of RAW 264.7 cells (mouse macrophages) with carnosol 
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caused reduced lipopolysaccharide-stimulated nitric ox-
ide (NO) production (suppression of NO production and 
inducible nitric oxide synthase iNOS gene expression was 
due, in part, to inhibition of NF-κB activation) (8). As a re-
sult, carnosol may disrupt the function of macrophage to 
present antigens to T-cells and, consequently, diminish 
adaptive immunity. Further studies are needed to inves-
tigate mechanistically suppressive effects of carnosol on 
the immune system. 

However, in our work, as a primary/screening study, 
carnosol was found to be a potent immunosuppres-
sant, as compared to cyclophosphamide. Carnosol, at 
three high doses, was able to decreased delayed type 
hypersensitivity and also significantly inhibited the 
production of antibody against SRBCs. As mentioned in 
introduction, patients who use immunosuppressants, 
such as cyclophosphamide, cyclosporine and tacroli-
mus, suffer from serious side effects, whereas carnosol, 
with regards to its antioxidant properties, might have 
less adverse effect, as compared to above drugs. There-
fore, we can say that it could be considered as a source 
of drug, having effective immunosuppression proper-
ties. Therefore, further studies can be performed on car-
nosol to develop an immunosuppressive drug, which is 
effective with no side effect.
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