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Abstract—Oligodeoxynucleotides (ODN) with CpG motifs (CpG ODN) induce T helper (Th)1-type

reaction. We aimed to evaluate the therapeutic effect of CpG ODN in the development of late allergic

rhinitis induced by ovalbumin (OVA), which is one of Th2 diseaes, in BALB/c mice. Effects of a single

dose of synthetic CpG-ODN (50 mg) intraperitoneally (i.p.) at the priming phase (on day 0) by OVA on

the development of late eosinophilic rhinitis at respiratory areas were compared to the control mice

treated with its vehicle (ODN without CpG motifs; 50 mg). Animals were again sensitized by OVA (on

day 10) i.p., and 4 days after second sensitization animals were challenged by OVA intranasally (on day

14). Four days after challenge, eosinophilic reactions, nasal lesions and local cytokine values were

examined. Compared to the control group, the CpG ODN-administration increased production of

OVA-specific Th1 cytokine (interferon-g) and decreased productions of ovalubmin-specific Th2

cytokines [interleukin (IL)-5 and IL-13] in nasal cavity fluids, supernatants of splenocytes and/or sera.

Also, eosinophilia and increased total IgE values were decreased in mice treated with the CpG ODN

compared to the control group. Moreover, nasal lesions with infiltration of eosinophils were promin-

ently reduced by the CpG ODN-treatment compared to the control mice. The present study suggests

that the systemic administration of CpG ODN at the priming phase may reduce local OVA-specific Th2

responses, resulting in decreased nasal pathology in the late allergic eosinophilic rhinitis.
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INTRODUCTION

Allergic airway diseases are prevailing in the

word_s population and allergic rhinitis is one of the

most common in allergic airway inflammation. Accord-

ing to hygiene hypothesis, declining exposure to

infectious agents may increase the risks of suffering

from allergic diseases [1, 2]. Allergic airway diseases

may consist of an immediate phase, mediated mainly by

IgE and mast cells [3], and a late phase, mediated

mainly by CD4+ T-helper (Th2) cells and eosinophils in

humans with airway allergy and animal models [4Y10].

Late allergic rhinitis is a chronic disease associated

with nasal inflammation, and edema of the submucosa in

nasal and sinus passages, and those changes lead to nasal

congestion, rhinorrhea, nasal blockage and reduced

olfactory function in humans [11Y15]. In addition,

histologically, chronic allergic rhinitis is characterized

by eosinophil and lymphocyte recruitment into nasal

mucosae [16]. There are general agreements that Th2

cytokines, such as interleukin (IL)-4 [17], IL-5 [18] and

IL-13 [19] and granulocyte-macrophage colony-stimu-

lating factor [15], correlate with eosinophil infiltration

0360-3997/08/0100-0047/0 # 2007 Springer Science + Business Media, LLC

Inflammation, Vol. 31, No. 1, February 2008 (# 2007)

DOI: 10.1007/s10753-007-9048-9

47

The authors wish it to be known, in their opinion, Toshiharu Hayashi

and Keiko Hasegawa contributed equally to this work.

1 Laboratory of Veterinary Pathology, Faculty of Agriculture, Yamaguchi

University, 1677-1 Yoshida, Yamaguchi 753-8515, Japan.
2 To whom correspondence should be addressed at Laboratory of

Veterinary Pathology, Faculty of Agriculture, Yamaguchi University,

1677-1 Yoshida, Yamaguchi 753-8515, Japan. E-mail: hayasi@

yamaguchi-u.ac.jp



and disease severity. Multiple lines of evidences

suggest that allergen-specific CD4+ Th2 cells play an

essential role in initiating and generating in immediate

and late allergic rhinitis in human.

Bacterial DNA and certain oligodeoxynucleotides

containing CpG motifs (CpG ODN), a 6-base DNA

motif consisting of an unmethylated CpG dinucleotide

flanked by two 5¶ purines and two 3¶ pyrimidines, have

stimulatory effects on murine and human lymphocytes

in vitro and murine lymphocytes in vivo [20Y25]. For

example, lymphocytes stimulated with CpG-ODN se-

crete interferon (IFN)-g, IL-6, IL-10, and IL-12 and IL-

18, which regulate IFN-g production, are induced

through activation of antigen-presenting cells including

dendritic cells, macrophages and NK cells via Toll-like

receptor [21, 24]. Thus, it appears that CpG ODN skew

immune responses toward the Th1-type, which in turn

may suppress allergic airway inflammation by mutual

Th1/Th2 inhibitory effects [26]. Although, there are a

lot of reports that CpG ODN inhibit the development of

asthmatic response in mouse models [27Y33], there are

a few reports that administration of CpG ODN at the

priming [34] and immunizing [35] phases suppress the

development of allergic rhinosinusitis in a mouse

model of allergic rhinitis. However, effects of CpG

ODN on nasal lesions with local Th2 responses in a

mouse model of the late allergic rhinitis remain

largely unclear. Thus, the present study examined

the effect of CpG ODN on the development of the

late eosinophilic rhinitis induced by ovalbumin

(OVA) in BALB/c mice.

MATERIALS AND METHODS

Animals

Specific pathogen-free, 8-week-old female BALB/c

mice (total number of mice; n=24, Japan Charles

River Co., Yokohama, Japan) were used. They were

kept at 25T2-C room temperature, 55T10% humidity,

and a 12-h light/dark cycle (lighting time 08:00Y20:00)

and given autoclaved pellets (CE-2, Clea, Tokyo,

Japan) and water at libitum. The number of mice used

in each set of experiments is given in parenthesis. The

animal experiments were approved by Research Ethics

Board of the Faculty of Agriculture, Yamaguchi

University.

CpG-ODN

The synthetic CpG ODN with two CpG motifs

(5¶-TCCATGACGTTCCTGACGTT-3¶) and control

ODN (5¶-TCCAGGACTTTCCTCAGGTT-3¶) without

CpG motifs consisting of 20 bases respectively

(endotoxin free and more than 99% purity; Takara

Biotechnology, Shiga, Japan) were used as reported

previously [36].

Experimental Protocols

The mice were divided into following two groups.

The sensitization and challenge procedures (Fig. 1)

were done by the methods described previously [9, 37].

In brief, the animals were sensitized intraperitoneally

(i.p.) by the injection of 10 mg of OVA (Grade V:

Sigma Chem. Co., MO, USA) in 1.2 mg aluminium

hydroxide (Alum.; SERVA, Heidelberg, Germany)

adjuvant (OVA/Alum), which was suspended in 0.1

ml phosphate-buffered saline (PBS; pH 7.4), on day 0

and boosted i.p. with 10 mg OVA/Alum on day 10.

Also, on day 0, either CpG-ODN (50 mg, n=14) or

control ODN (50 mg, n=10) were administrated i.p. The

injected dose of CpG ODN was determined basically by

body weight according to our previous experiments [9,

37]. Four days after the second sensitization (on day

14), the mice were challenged intranasally (both right

and left nasal cavities by pipets alternately) with 200 mg

of OVA in 50 ml of PBS under anesthesia with ketamine

0                               10 14            18 (days)

Challenge Sampling

Experimental protocol

Sensitization

CpG ODN

Fig. 1. Experimental protocol.

Animals were sensitized i.p. with

10 mg of OVA mixed with aluminium

hydroxide on day 0 and on day 10.

On day 0, CpG-ODN (50 mg) and

control ODN (50 mg) were

administrated i.p. 14 days after the

first sensitization, mice were

challenged with 200 mg of OVA

intranasally. Four days after the

challenge (on day 18) all assays were

done, unless otherwise stated.
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(45 mg/kg BW; Sankyo Co., Tokyo, Japan) and

xylazine (8 mg/kg body weight; Bayer Co., Tokyo,

Japan) i.p. Four days after the challenge (on day 18), the

mice were anesthetized i.p. with over doses of chroro-

form, and a whole blood was obtained by heart puncture

using heparinized syringe. All assays were done on day

18, unless otherwise stated.

Total Number of Eosinophils, Lymphocytes,

Monocytes and Neutrophils in Blood

The absolute number of each leucocyte/microliter

per mouse (n=8; control, n=14; CpG ODN) was

counted, and then the percentage was calculated after

blood smear stained with Giemsa solution. Then, the

total number of each leucocyte was determined.

Histologic Evaluation of Nasal Lesions

Heads (n=6; control, n=10; CpG ODN) were fixed

in 10% neutral buffered formalin (pH 7.0) for 2 days,

and those were decalcificated in 1 mM TrisYHCl (pH

7.4) with 20% EDTA for 5 days. Nasal region was

sliced at the anterior margin of orbit transversely.

Figure 2a shows the right side of transverse section.

Areas of rectangles (S; lower portion of the nasal

septum, F; the floor, L; the lower lateral walls) of

respiratory epithelium were examined, since it has been

reported that allergic inflammation was mainly local-

ized in respiratory epithelium of these parts in a murine

allergic rhinitis model [38, 39]. Paraffin sections (4 mm

thickness) were stained with hematoxylin and eosin,

alcian blue (AB) and phosphotungstic acid hematoxylin.

For semiquantitative analysis, the severity and

the range of pathologic changes (score index; degree

of infiltration of inflammatory cell) per mouse in

septal respiratory areas (Fig. 2b; rectangle area of S in

Fig. 2a) were scored on 0Y4 scale as follows; none (0),

weak and partial (1), weak and diffuse (2), moderate

and partial (3) and moderate and diffuse (4). Also in the

part of Fig. 2b, the thickness of turbinate nasal mucosa

(from the top of cilia to the near edge of septal

turbinate bone) or epithelium (from the top of cilia to

basement membrane) respectively (5 different parts/

mouse), and the total number of eosinophil stained

with MayYGrünwald_sYGiemsa were counted by an

eyepiece with a grid, and the number of goblet cells or

non-goblet epithelium including ciliated and basal

cells were calculated in sections stained with AB.

The average of each cell type was calculated by two

observers blindly.

Collection of Nasal Cavity Fluids

Nasal cavity fluids (NF) (n=4 in each group) were

collected by the method described previously [40].

After euthanasia, the mouse trachea at the upper level

was ligated and then a catheter was guided into the

nasopharynx. Then, the nasal passages were gently

perfused with 1 ml of cold PBS and collected in a petori

dish. NF were centrifuged at 800�g for 10 min at 4-C
to separate cells and supernatants.

Isolation of Cervical Lymph Node Cells

and Splenic Cells

Splenic and cervical lymph node (LN) (both right

and left sides) cells, which respond to nasal inflamma-

tion [40], were isolated by the methods described

previously [41]. In brief, spleen and lymphnode were

aseptically removed and placed in phosphate buffered-

balanced salt solution (PBBS; pH 7.4). Single-cell

suspension was made by teasing spleens apart with

scissors and filtering through a 250-mm disposable

syringe (Terumo Co., Tokyo, Japan). Cell suspensions

were collected in sterile conical tubes (Assist Trading

Co., Tokyo, Japan) after red blood cells were

hemolysed by Tris-buffered NH4Cl solution, and

washed in PBBS containing 0.1% heat-inactivated fetal

calf serum (Gibco, Grand Island, NY, USA) followed

by centrifugation at 800�g for 10 min at 4-C. Cells

Fig. 2. Schematic figure of transverse section of nasal region at ant-

erior margin of orbit (right half side; a). Rectangle shows lower por-

tion of the nasal septum (S) and arrowed areas indicate distribution of

respiratory epithelium (F; the floor and L; the lower lateral walls),

which are the main target cells in this model. b) The area, which is

examined in Fig. 6.
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were counted using a hemocytometer and diluted in

Dulbecco_s modified Eagles_s medium (DMEM; KC

biological, Lenexa, Kans, USA) to a density of 1�106

cells/ml. Viability of cells was more than 95% by

trypan blue dye exclusion test. LN cells or splenocytes

(2�105 cells in 200 ml DMEM with FCS, 100 U/ml

penicillin and 100 mg/ml streptomycin) mixed with or

without OVA (20 mg) were cultured for 48 h at 37-C in

a 5% atmosphere and supernatants were obtained.

Measurement of IgE, IL-5, IL-13 and IFN-g in NF,

Cultured LN Cells and Splenic Cells, and/or Blood

by ELISA

IL-5 (R & D systems, MN, USA), IL-13 (R & D

systems, MN, USA) and IFN-g (Techre Co., MN, USA)

(n=5 in each cytokine per each group) and IgE

(Morinaga Co., Kanagawa, Japan) (n=10; control,

n=14; CpG ODN) mouse ELISA kits were purchased.

The minimal detectable concentration was 2 pg/ml for

IL-5, 1.5 pg/ml for IL-13 and 0.7 pg/ml for IFN-g, and

500 pg/ml for IgE. In addition, total serum IgE values

before starting the experiments (day 0) also examined

(n=10; control, n=14; CpG ODN). In case of cytokines

could not be detected, their concentration was estimated

as 0.

Statistical Analysis

The data are expressed as the mean of samples

examined TSEM. Unpaired Student_s t-test was used to

evaluate the significance of differences; a P-value less

than 0.05 was considered significant.

RESULTS

Effects of CpG ODN on the Number of Blood

Leucocytes on Day 18

Compared to the control group, the number of

blood eosinophils (Fig. 3a) including lymphocytes

(Fig. 3b), monocytes (Fig. 3c) and neutrophils (Fig. 3d)

was decreased by the administration of CpG ODN

(P<0.05).

Effects of CpG ODN on IgE and IL-13 Values in

Sera on Days 0 and 18

IgE (Fig. 4a) and IL-13 (Fig. 4b) values decreased

in the mice administrated with the CpG ODN

compared to those in the control mice (P<0.05). In

addition, both groups increased IgE values on day 18

compared to those on day 0. IL-5 and IFN-g in the

blood were not detected in both groups (data not

shown).
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Effects of CpG ODN on IL-13, IL-5 and IFN-g
Values in NF, and Cervical LN Cells and Splenic

Cells on Day 18

In the CpG ODN-adminstrated mice compared to

the control group, productions of IL-13 (Fig. 5a; P<0.05)

and IL-5 (Fig. 5b; P<0.05) were decreased, and IFN-g
(Fig. 5c) was slightly increased in NF. In the mice

treated with the CpG ODN there was no production of

OVA-specific and -nonspecific IL-13 (Fig. 5d) and IL-5

(Fig. 5e), whereas OVA-specific and -nonspecific IL-13

productions and also OVA-specific, but not -nonspecif-

ic, IL-5 production were observed in the control group

from LN cells. On the other hand, there was no

production of IFN-g (Fig. 5f) in the control mice,

whereas there was a low value of OVA-specific and

-nonspecific IFN-g production in the CpG ODN-treated

mice (Fig. 5f) from LN cells. Production of OVA-

specific IL-13 in the CpG ODN-treated mice was

reduced compared to the control mice (Fig. 5g;

P<0.05), and OVA-nonspecific IL-13 production was

not found in the two groups (Fig. 5g) in the supernatants

of splenic cells. Also OVA-specific IL-5 production was
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reduced in the CpG ODN-treated mice compared to the

control group (Fig. 5h; P<0.05) and although a small

amount of OVA-nonspecific IL-5 (Fig. 5h) production

was detected in the control group, there was no non-

specific IL-5 production in the CpG ODN-treated group

from splenic cells (Fig. 5h). Both of OVA-specific and

OVA-nonspecific IFN-g (Fig. 5i; P<0.05) productions

from splenic cells were increased in the CpG ODN-

administrated group compared to the control group.

Effects of CpG ODN on the Development

of Eosinophilic Rhinitis on Day 18

Compared to the control group, the CpG ODN-

administration resulted in decrease in score index

(severity of nasal lesion) (Fig. 6a), thickness of nasal

mucosa (Fig. 6b) and epithelial layer (Fig. 6c), number

of eosinophil infiltrated (Fig. 6d), and number of goblet

cells (Fig. 6e) and non-goblet cells (Fig. 6f) (P<0.05).

As shown in Fig. 7, inflammatory lesions were located

mainly in mucosa of the areas of respiratory epithelium,

but not of olfactory epithelium, at floor near by nasal-

associated lymphoid tissue, at septum areas and lateral

sides of turbinate. Inflammatory cells reached to the

edge of olfactory epithelium contiguous to the respira-

tory region in the control group. In the control group,

epithelial cells in inflamed areas showed hyperplasia,

hypertrophy, vacuolar degeneration and widening of

epithelial space. Some eosinophils infiltrated into the

epithelial layer, leading to the destruction of epithelium

(Fig. 7a). Hyperplasia of non-goblet epithelium was

often associated with infiltration of eonsinophils and

lymphocytes in lamina propria. In some cases, exuda-

tions of mucus and cell debris into nasal cavity, and

hemorrhage and/or slight fibrosis in lamina propria were

found. Congestion and edema were prominent in lamina

propria. There were no thickness of basement mem-

brane and hyperplasia of nasal glands. Adhesion of

inflammatory cells on the endothelial cells of dilated

sinus venous was often found in the area of respiratory

epithelium. These lesions were less severe in the CpG

ODN-treated group (Fig. 7c), and no lesions in olfacto-

rium epthelium were seen in both groups (Fig. 7b,d).

As shown in Fig. 8, in the control group hyper-

plastic and hypertrophic goblet cells having much

mucus were recognized (Fig. 8a). Among hyperplastic

goblet cells, some had cilia (Fig. 8b,c). Those changes

were less prominent and cytoplasmic mucus substance

was small in the CpG ODN-administrated group

(Fig. 8d). Some cases in both groups had hyaline

droplets in goblet and/or ciliated cells. In addition, there

was no increase in mast cell infiltration in both groups.

DISCUSSION

The present study clearly demonstrated that sys-

temic administration of CpG ODN at the time of
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priming reduced the development of late eosinophilic

rhinitis associated with reduced OVA-specific Th2 (e.g.,

IL-5 and IL-13) responses and increased OVA-specific

IFN-g (representative Th1 cytokine) productions sys-

temically and/or locally. Reduced serum IgE values by

the treatment of CpG ODN may not play a role in

decreased inflammatory reaction of nasal areas, since

there was no increased infiltration of mast cells in mice

with or without the CpG ODN-treatment. Collectively,

the treatment of CpG ODN at the priming phase may

sift the imbalance toward the naive Th0 to Th1 type

immunity, resulting in the suppression of the develop-

ment of Th2 immunity by mutual Th1/Th2 inhibitory

effects [26]. On the other hand, although there were no

detectable amounts of IL-5 and IFN-g in the blood in

both groups, it may be due to reflection of their short

half-life. For example, a half-life in the circulation of

IFN-g in mice was 24.37 min [42], and that of IL-5

mRNA-expression was 2.6 h in human T cell line [43].

Among Th2 cytokines, it has been suggested that

IL-5 is the principal cytokine for eosinophil maturation,

differentiation and survival [15]. Also, IL-13 [19] may

contribute infiltration of lymphocytes and eosinophils,

goblet cell hypertrophy with mucus hepersecretion and

subepithelial basement membrane thickening, which

contains types I, III, and V collagen [11], in lower

airway allergic inflammation. If that is the case, IL-5

and IL-13 may also operate to develop rhinitis in upper

airway. It seems likely, since decreased productions of

OVA-specific IL-5 and IL-13 were found in nasal fluids

and/or supernatants of cervical LN cells in the CpG

ODN-administrated mice, this may be responsible for

the decreased infiltration of eosinophils into nasal areas.

Also, the present study demonstrated destruction of

Fig. 8. In the control group,

increased goblet cells (a; arrows),

and goblet cells without cilia (b;

arrows) and goblet cells with cilia

[c; arrows and a long arrow

indicates basal bodies of cillia

stained with phosphotungstic acid

hematoxylin (PTAH)] are visible. In

a CpG ODN-administrated mouse

shows decreased number of goblet

cells (d; arrows) and size of mucus

is small compared to the control

group. a; Hematoxylin and eosin, b,

c and d; PTAH. a, c and d; the floor

of respiratory area near by lymphoid

follicles. b; the floor of respiratory

area. Bar= 50 mm.

Fig. 7. Representative histologic changes on day 18 in septal respiratory areas of nasal mucosa in a control (a; a

long arrow indicates infiltration of eosinophil into epithelial layer) and a CpG ODN-administrated (c) mice. There is

no change in olfactorium epithelium (insert; b and d) in both groups. Hematoxylin and eosin. Bar =50 mm.
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respiratory epithelium contacted with eosinophils,

which may be due to released cytotoxic substances

from activated eosinophils (e.g., eosinophil peroxidase

etc.) [44, 45]. Thus, decreased eosinophil infiltration

may cause less severe epithelial cell damage in the CpG

ODN-administrated group. On the other hand, thicken-

ing of basement membrane, hyperplasia of nasal glands

in inflamed nasal areas and inflammation in the areas of

olfactory epithelium in human patients with allergic

rhinitis [46] were not found in the present mouse model.

Although, we have no explanation for the discrepancy

of these histologic changes between human and animal,

it must be a property of the species, including

anatomical and physiological differences [38].

The present study demonstrated that intensity of

inflammation and increased goblet cell hyperplasia in

nasal areas in the control mice were decreased by the

treatment of CpG ODN. Hyperplasia of ciliated epithe-

lium and goblet cells are common consequences of

respiratory inflammation and considered to be protec-

tive reaction against inhalted antigens, and perennial

allergic rhinitis in human is clinically associated with a

significant increase in nasal mucus secreted by submu-

cosal glands and epithelial cells [47]. Also, it has been

reported that mucus discharge from the inferior turbi-

nate goblet cells of patients with perennial allergic

rhinitis was enhanced by nonhyperplastic increase of

nasal goblet cell with an increased functional activity

[48] and that goblet cell hyperplasia was seen in human

patients with perennial allergic rhinitis [49]. In the

present study, hyperplastic goblet cells of the control

mice had much mucus in their cytoplasm compared to

the CpG ODN-administrated mice, suggesting that both

hyperfunction and hyperplasia of goblet cells may occur

as the result of the development of rhinitis. In addition,

some ciliated cells had mucus droplets, suggesting that

they may, at least in part, be derived from ciliated

epithelium. Decreased local production of IL-13 by the

treatment of CpG ODN may be associated with

decreased goblet cell hyperplasia compared to the

control group. It seems likely, since it has been reported

that IL-13 promotes transdifferentiation from ciliated to

goblet cells in lower airway (lung) inflammation in

human patients with asthma and animal models with

respiratory virus infection [50]. Also, intranasal instil-

lation of OVA-induced metaplastic changes of goblet

cells of nasal epithelium of OVA-sensitized rat has been

reported [51]. However, it has been suggested that there

was no difference in the number of goblet cell between

IL-13-deficient-mice and wild type mice, and that

goblet cell metaplasia in airway may be induced by

different mechanisms, depending on the stimuli [52].

Thus, further study is needed to clarify the mechanisms

of decreased goblet cell metaplasia and hyperplasia in

rhinitis by the treatment of CpG ODN.

Treatments for allergic airway diseases are mainly

focused on the suppression of symptoms. Antihistamine

leads to temporary relief [53], and corticosteroids lead

to short-term reduction in nasal inflammation [32]. On

the other hand, it has been suggested that a treatment of

CpG ODN inhibits allergic lung inflammation in

presensitized animals for a prolonged period [27]. Also,

it has been suggested that CpG ODN may have

potential for treatment of an on going allergic asthma

by suppressing Th2 responses during IgE-dependent

allergic airway reaction and that CpG ODN can reverse

Th2-associated allergic lower airway responses [28].

Moreover, it has been reported that immediate and late

allergic rhinitis symptoms in previously OVA-sensi-

tized mice were protected by CpG ODN, suggesting

availability of CpG ODN on ongoing allergic rhinitis

[34] and that CpG ODN conjugated to antigen effec-

tively prevented the development of antigen specific

lower airway inflammation for long times [29]. How-

ever, these conjugated compounds may allow the

antigen to act as a hapten and lead to anti-DNA

antibody formation [30]. Thus, alteration from Th2

dominance to Th1 dominance in allergic rhinitis by

administration of CpG ODN rather than CpG ODN

conjugated antigens may be applicable for one of

theraphy in allergic airway inflammation including the

late allergic rhinitis, although antigen-specific allergen

immunotherapy against grass-pollen was shown to be

very effective and has longer lasting effects in human

[53, 54].

In conclusion, the present study suggested that

reduced Th2 cytokine production may be responsible

for the reduced late allergic rhinitis by the systemic

treatment of CpG ODN. The alteration of Th2/Th1

balance will be most rewarding when treating allergic

rhinitis. The administration of the CpG ODN suggests

that this may have a potential to reduce Th2 response in

several types of allergens in human, although further

study is needed to clarify the effective dose curve of

CpG ODN on late allergic rhinitis. In addition, although

we have reported previously that IFN-g expressing

plasmid DNA reduced allergic lower airway inflamma-

tion [55], therapeutic application of CpG ODN in the

54 Hayashi, Hasegawa, and Sasaki



late eosinophilic rhinitis may be advantageous, since it

is safe, cheap, stable, easy to make and effective by

different routes of administration [56].
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