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 Abstract

Background: The immune system is critical in fighting 
cancer, so is it possible that the natural stimulation of this 
system can slow down or stop the evolution of cancer? 
Our in vivo study aimed to evaluate the protective effect of 
the combination of five types of immunostimulants, which 
are Beta-glucan and Arabinogalactan as polysaccharides 
and three mushroom extracts (Reishi, Maitake, and 
Shiitake), on 7,12-Dimethyl Benz[a]anthracene (DMBA)/
Croton oil-induced papilloma in Swiss albino mice. 

Methodology: We used blood count analyses to estimate 
broadly the immunological reaction and biochemical 
techniques to determine the oxidative stress variations 
in the enzymatic activity of Superoxide dismutase 
(SOD), Catalase (CAT), and Glutathion peroxidase (GPx), 
which could have a preventive function against cancer 
development. 

Results: The cutaneous application of the DMBA/Croton 
oil caused precancerous hyperplasia in squamous cells 
(papilloma) on the back of the mice. Tumor development 
was accompanied by a decrease in SOD and GPx 
activities. The treatment with the immunostimulants 
led to the total disappearance of the incidence of skin 
papillomas and also showed a nearly back to normal SOD 

activity but not CAT and GPx activities. The increase in the 
level of immune cells (lymphocytes, monocytes, and white 
blood cells) reflected a clear enhancement of the immune 
system activity. 

Discussion: The healthy epidermis observed with treated 
mice simultaneously subjected to the cancerogenosis 
protocol suggests the inhibition of spinous cell proliferation 
leading to the total suppression of the hyperplasia. 
Moreover, the increase in the level of immune cells in this 
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batch reflects an inflammatory reaction. Indeed, previous 
studies reported that immunostimulants, including Beta-
glucan involve a release of some inflammatory mediators 
who would be at the origin of its anticancer activity. 
Cancerogenesis has clearly disrupted the activities of 
the antioxidant enzymes, but the relationship between 
the two process is often complex. Bibliographic data 
led us to suggest that low catalytic activities of CAT and 
GPx observed in treated mice simultaneously subjected 
to the cancerogenesis protocol, would have induce an 
accumulation of H

2
O

2
 which has often been described as 

an inducer of cancer cells apoptosis. 

Conclusion: Immunostimulants used in our study 
could have an effective protective effect against skin 
carcinogenesis via the enhancement of the global function 
of the immune system and modulation of the antioxidant 
defense.

Keywords:  Immunostimulants, Beta-glucan, 
Arabinogalactan, Reishi, Maitake, Shiitake, DMBA, Croton 
oil, Oxidative stress, Carcinogenesis.

Abbreviations: C, control group; Dc, drug control group; 
Pc, positive control group; St, sick treated group;DMBA, 
7,12 Dimethyl Benz[a]anthracene; NK, natural killer; CAT, 
catalase; SOD, superoxide dismutase, GPx, glutathione 
peroxidase; IS, immunostimulants; WBC, White blood cells; 
LY, Lymphocytes; MO, Monocytes; ROS, Reactive oxygen 
species; ONAB, Office national des aliments de bétail.
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Introduction

Cancer is among the most common diseases 
worldwide. Its incidence continues to increase mainly 
because of the changes in lifestyle and environment. 
Non-melanoma skin cancers (NMSC) (squamous cell 
carcinoma and basal cell carcinoma) account for about 
a third of all newly diagnosed malignancies in the United 
States, with the number approaching one million cases 
per year (1). There are three steps in skin carcinogenesis. 
The first one, the initiation stage, involves carcinogen-
induced genetic changes targeting genes like c-Ha-ras. 
The second step, the promotion, involves clonal expansion 
of the initiated cells to form visible premalignant lesions 
termed papillomas. Finally, the progression stage involves 
the conversion of papillomas to malignant tumors 
squamous cell carcinomas independent of the promotion 
(2). 12-O-tetradecanoylphorbol-13-acetate (TPA) is the 
most active component of croton oil. Several studies have 
shown that> 90% of DMBA/TPA-induced papillomas 
harbor the identical CAA-to-CTA mutation in codon 61 
in the Ha-ras gene, resulting in a Gln61Leu amino acid 
change (3). DMBA is an important atmospheric pollutant. 
It comes from the metallurgical industry, petroleum 
products, pesticides, and cigarette smoke. By atmospheric 
deposition, traces of DMBA can be found in various plant 
products (4). All this makes it possible for it to come into 
contact, voluntarily or not, with the skin. Skin cancer is a 
public health problem for which it is necessary to study 
not only the treatment methods but also the risk factors 
and the prevention of occurrence. In biotherapies, there 
is a multitude of non-toxic biological macromolecules 
that have antitumor properties (5) . Polysaccharides such 
as β-glucan are an important component of mushrooms 
and a major factor in their bioactive properties; these 
polysaccharides are able to trigger various cellular 
responses, such as the expression of cytokines and the 
variation of the activity of the antioxidant system. They 
could bind other conjugate molecules, such as proteins, 
whose conjugation always possesses strong antitumor 
activities (6). Studies in the literature have reported that the 
effect of some therapeutic molecules differs according to 
their combination; some of them gain in effectiveness, 
while others, on the contrary, partially or totally lose their 
effect (7)

In our study, we evaluated the preventive effect 
of a combined immunostimulant composed of two 
polysaccharides (β-glucan + Arabinogalactan) and a 
mixture powder of three mushrooms [Reishi (Ganoderma 

lucidum) + Maitake (Grifolafrondosa) + Shiitake 
(Lentinula edodes)] on a two-step chemically induced 
skin carcinogenesis using the well-known DMBA/croton 
oil protocol from the literature (4,8).

Methodology 

Chemicals 

7,12-Dimethyl Benz[a]anthracene (DMBA) (Cat. 
No. G3463) and acetone were purchased from Sigma 
Aldrich, Saint Louis, USA. Croton oil was procured 
from Aroma essential oils, Haryana, India (Batch 
No.AECREO/275/0717). β-glucan extract of the yeast 
Saccharomyces cerevisiae and Arabinogalactan 
(from Larch tree) were obtained from Now food (lot# 
21046780740), IL, USA. The immunostimulants Fengivivo 
(Reishi + Maitake + Shiitake extracted, respectively, 
from the following mushrooms, Ganoderma lucidum, 

Grifolafrondosa, and Lentinela edodes) were procured 
from Vivophore, SPA Laboratories

FRATER-RAZES Algiers – Algeria.. All other chemicals 
used were of analytical grade.

Animals

Six week old (20–25 g) adult male Swiss albino mice 
were obtained from Pasteur institute, Algiers, Algeria 
and housed in polypropylene cages. The animals were 
maintained for two weeks of adaptation prior to the start 
of the experiment. Mice were fed with a commercially 
available standard pellet diet supplied by ONAB (Annaba, 
Algeria) and water ad libitum and maintained in standard 
housing conditions with a temperature of 24 ± 4 °C. Mice 
were shaved two days before the DMBA treatment.

This research was conducted in accordance with 
internationally accepted principles and ethics for the use 
and care of laboratory animals.

Experimental design

The induction of papillomas in mice by DMBA/
croton oil was carried out according to the method 
described by (9) with some modifications. We studied 
the potential chemopreventive effect of the mixture of 
some Immunostimulants, which are the -glucan (Beta-
1,3/1,6-D-Glucan), Arabinogalactan, and a powder 
composed of three mushrooms, Reishi (Ganoderma 

lucidum) + Maitake (Grifolafrondosa) + Shiitake (Lentinula 

edodes). We chose to use the therapeutic doses that are 
usually used in the respective pharmacopeia and the dose 
was selected on the basis of an average mice weight 
of 30g throughout all the experiments. The mice were 
observed weekly based on mortality and weight gain/loss. 
No mortality was recorded during the whole experiment.

Animals were divided into four groups (six mice/group) 
as follows:
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using scalpel blades and surgical scissors. Then, the 
mice were sacrificed. Immediately after the blood sample 
collection, all the sacrificed animals were dissected to 
remove the liver and then the skin biopsy samples, which 
were maintained in a 10% formalin solution.

Histological evaluation

The skin samples were immediately fixed in a 10% 
formol solution. Samples were dehydrated in a graded 
bath of ethanol followed by a lightening step with toluene 
and then included in paraffin (increased to 56/58°C). 
Sectioning of the samples into 5µm thick sections was 
carried out by using a microtome (Leica RM2235). 
The coloring step was performed according to the 
Hematoxylin-Eosin technique (Hematein-Eosin). Finally, 
the sections were observed and photographed with an 
optical microscope (Leica, Germany).

Tissue and sample preparation 

Preparation of the liver homogenates

After being removed and washed in a 0.9% NaCl 
solution, two grams of each liver were ground at a 
low temperature (4°C) in 4 ml of phosphate buffer 
solution (TBS, Tris 50 mM, NaCl 150 mM, pH 7.4). After 
homogenization, the cell suspensions were centrifuged 
at 9000 rpm for 15 min at 4°C. The supernatants were 
aliquoted and stored at -20°C for further use.

• Control group (C): Mice received only 100 µl of acetone 
on their shaved back. 

• Positive control group (Pc): Mice received a single 
dorsal dose of DMBA (100 µg/100 µl of acetone) as 
an initiation stage. After two weeks, mice received 
a dorsal application of croton oil (1% dissolved in 
acetone) 3 times a week as a promotion stage until the 
day of sacrifice.

• Drug control group (Dc): Mice received a dose of 6.66 
mg/kg of (β-glucan –Arabinogalactan) and 6.66 mg /
kg of a mixture of fungal IS powder (Reishi + Maitake 
+ Shiitake) dissolved in drinking water by oral gavage 
three times a week from the second week of DMBA 
application on the Pc group until the day of sacrifice.

• Sick treated group (St): Mice received the same back 
treatment as the positive control (Pc) group as well as 
the same treatment as the Drug control (Dc) group by 
oral gavage (Fig. 1.)

During the promotion, mice skins were checked weekly 
to record any appearance of papillomas. After 18 weeks 
of promotion, all the mice were sacrificed by decapitation. 
Skin tissue and liver were removed, and blood was 
collected in EDTA tubes for blood count analysis (by ERMA 
INC, Model: PCE-120N Machine).

For some of the mice that were chosen for a 
skin biopsy, general anesthesia was performed by 
intraperitoneal injection of Avertin. The biopsy was done 

Figure 1: Animal treatment schedules with DMBA (red arrows), Croton oil (green arrows), acetone (white arrows), and IS gavage 
(triangle). Mice received DMBA one time only; however, Croton oil, acetone, and immunostimulants were given three times a week 
until the 20th week.
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Results

Consumption of IS over an 18-week period did not 
produce any observed health effects, such as an important 
weight change or mortality. 

Tumor incidence

Fig. 2.(b) shows the representative photographs of 
papillomas in which we observed two large budding 
lesions on the back of the mice in the (Pc) group. The 
mice belonging to the (C) (Fig. 2(a)) and (Dc) (Fig. 2(c)) 
groups, on the contrary, showed a healthy skin surface 
with a normal color and appearance. The mice of the (St) 
group (Fig. 2.(d)) showed normal skin with a slightly rough 
texture.

Four of the six mice in the (Pc) group carried a tumor 
of more than 1 mm in length, which corresponds to a 
percentage incidence of 70%. Meanwhile, the (St) group 
did not show any appearance of warts, and therefore, we 
noticed a total inhibition of the tumor incidence. We also 
did not observe any appearance of warts even less than 
1 mm in length throughout the experiment in both the(C) 
and (Dc) groups.

Histopathological evaluation of 

Total protein assay

The total protein determination was carried out 
following (10), which is a spectrophotometric analytical 
technique used to determine the concentration of soluble 
proteins. A calibration curve of bovine serum albumin 
(BSA) was prepared in TBS buffer; 50 µl of the 50-fold 
diluted sample was mixed with 2.5 ml of Bradford’s 
solution. The mixture was vortexed, incubated for 5 min at 
room temperature in the dark, and then the optical density 
(OD) was measured at 595 nm. 

Evaluation of oxidative stress parameters

Activities of superoxide dismutase (SOD), catalase 
(CAT), and glutathione peroxidase (GPx) in liver 
homogenates were measured using reported protocols 
(11,12).

Statistical analysis

Results were expressed as a mean±SD for 6 mice of 
each group. Calculations were performed using Microsoft 
Excel (2007) also Stat view IV®, Abacus Concepts 
Inc, USA, was used to analyze the data. p < 0.05 was 
considered to be significant.

Figure 2: Effect of the combined IS treatment on the tumor incidence in different groups of animals. (a)(C) group, (b) (Pc) group, (c)
(Dc) group, and (d)(St) group.
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Blood count analysis

Fig.4 shows that there are no significant differences 
in the levels of white blood cells (WBC), lymphocytes (LY), 
or monocytes (MO) between the mice in the (C), (Dc), and 
(Pc) groups, whereas there is a significant increase in 
these latter blood cell species in comparison with the (St) 
group.

SOD, CAT and GPx activities

Fig. 5.(a) shows a significant and very significant 
decrease in SOD activity in mice subjected to chemically 
induced carcinogenesis (Pc group) (*p<0.05) and those 
receiving the combined IS (Dc group) (***p<0.001), 
respectively, compared to the (C) group. Meanwhile, these 
was a significant increase in the SOD activity when mice 
subjected to chemically induced carcinogenesis were 

the skin papillomagenesis

The histological skin sections of the mice in the (C) 
group (Fig. 3.(a)) and (Dc) group (Fig. 3.(c)) revealed intact 
skin layers with a normal structure of the epidermis. 
Meanwhile, the skin of the mice in the (Pc) group (Fig. 
3.(b)) revealed that the budding lesions are papillomas 
expressing low grade hyperplasia with anisokaryosis, 
affecting the epidermis spinous cells (blue arrow, 10X). 
The 40X magnification allows for the observation of 
expanding cells (blue arrows). Histological sections 
of the (St) group (Fig. 3.(d)) showed intact skin layers 
with a normal structure of the epidermis accompanied 
by a strong inflammatory reaction characterized by 
polynuclear, lymphocytic, and plasma B cell infiltration 
(red arrows).

Figure 3: Histopathological analysis of Hematoxylin and eosin-stained sections of the skin of different experimental groups of 
animals, K: keratin, D: dermis, E: epidermis, blue arrow 10X: benign hyperplastic papilloma, blue arrow 40X: expanding cells, red 
arrows show immune cell infiltration. Sections represent the following groups, (a) (C) group, (b) (Pc) group, (c) (Dc) group and (d) 
(St) group. (Leica optical microscope, Germany, Magnifications: 10X, 40X)
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In the (Pc) group, the histological results showed a 
development of budding lesions in 70% of mice. These 
low grade papillomas were characterized by a dysplasia 
and a hyperplastic character with anisokaryosis. Our 
results are in agreement with previous studies that have 
observed a development of hyperplasia in about 80% of 
mice after 12 weeks of DMBA/croton oil experimentation 

(13,14). While other studies have found a 100% rate of skin 
papillomas using the same protocol (9). We suggest that this 
may depend on several factors such as the strain, the age 
or the stress of the animals during the experimentation. 
In the (St) group, mice skin showed a healthy epidermis. 
This observation suggests the inhibition of spinous 
cell proliferation due to the simultaneous treatment 
with the combined IS, leading to total suppression of 
the epidermal hyperplasia. However, the (St) group, 
contrary to the (C) and (Dc) groups, which exhibited a 
normal skin, showed a strong inflammatory reaction 
characterized by granulocyte and lymphocyte infiltration. 
Many experimental studies have been carried out in order 
to find and better understand the possible anticancer 
effect of IS. Kobayashi et al., 2005but not against murine 
Lewis lung cancer 3LL cells, in vitro; (2 (15) reported that 
the anticancer activity of β-glucan was due to the fact 
that it potentiates the cytolytic activity of macrophages 

simultaneously treated with IS (St group) compared with 
those receiving only IS (Dc group) ($p<0.05). The CAT 
activity significantly increased in the (Dc) group compared 
to the (C) group (**p<0.01) (Fig. 5.(b)). This activity 
significantly decreased when the mice were subjected 
to the chemically induced carcinogenesis simultaneously 
with the combined IS treatment (St group) ($p<0.05). 
We observed a significant decrease in the GPx activity 
in both the (Dc) and (Pc) groups compared with the (C) 
group (**p<0.01). Interestingly, the mice subjected to 
chemically induced carcinogenesis and simultaneously 
treated with IS (St group) showed a significant decrease 
in the GPx activity compared with the (Dc) and the (Pc) 
groups ($p<0.05) (Fig. 5. (c)).

Discussion

We used a combined IS [β-glucan + Arabinogalactan 
+ a mixture powder of three mushrooms: Reishi 
(Ganoderma lucidum), Maitake (Grifolafrondosa), and 
Shiitake (Lentinula edodes)] in order to evaluate their 
preventive effect against a chemical carcinogenesis 
induced in vivo using the DMBA/croton oil protocol. The 
chosen IS are known in the literature by their proven anti-
tumor effect but have never been studied in combination. 

Figure 4: Blood count analysis in different experimental groups of mice. There was a highly significant increase in WBC, ** p <0 (C 
vs St), ### p <0.001(Dc vs St) , ΦΦΦ p <0.001(Pc vs St). There was a significant increase in LY, * p<0.05 (C vs St), # p<0.05 (Dc vs St), 
Φ p<0.05 (Pc vs St). There was no significant increase in MO between the (C) and (St) groups, but a significant increase between 
(Dc) and (St) # p <0.05 and a highly significant increase between (Pc) and (St) ΦΦp <0.01.Values are expressed as mean ± SD (n = 6 
mice).
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Figure. 5: (a) SOD activity on liver, spectrometric measurement based on the NBT photo-reduction. *p<0.05 vs C. ***p<0.001 
vs C, $p<0.05 vs Dc. (b) CAT activity on the liver, spectrometric measurement based on the H2O2 consumption speed. **p<0.01 
vs C, $p<0.05 vs Dc. (c) GPx activity, spectrometric measurement based on reduction of H2O2 in the presence of reduced GSH. 
**p<0.01 vs C, $p<0.05 vs Dc and Pc. Values are expressed as mean ± SD (n = 6 mice).
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against tumor cells in vitro and its action mechanism 
involves macrophage stimulation and subsequent release 
of some inflammatory mediators. In addition to the yeasty 
β-glucan, the mushroom’s polysaccharides are endowed 
with anti-tumor activity. 

Arabinogalactan is a highly branched polysaccharide 
consisting of a galactan backbone with side-chains of 
galactose and arabinose sugars. Experimental studies 
have indicated that larch arabinogalactan can stimulate 
NK cell cytotoxicity and perhaps other WBC as well as 
enhance other functional aspects of the immune system 
and inhibit the metastasis of tumor cells of the liver(16).

The antioxidant power of both Reishi and Shiitake 
was proved in many studies. The Shiitake, administered 
alone (17) or combined with oxaliplatin, which is a synthetic 
anticancer drug, has a mitigating effect on hepatocellular 
carcinoma (18). The Shiitake contains several molecules with 
an anticarcinogenic effect, such as the Lentinan, krestin 
and beta-1,3-glucans (19). Reishi has several types of 
polysaccharides including one designated as GL-1, which 
has been defined as a branched arabinoxyloglucan. This 
polysaccharide showed a tumor-suppressive activity in 
mice. This effect may be due to the macrophage activation 
inducing enhancement of phagocytosis, an increase in the 
NO release, and cytokines IL-6 and TNF-α production 
(19). In Maitake mushroom, both fractions of β-D-glucan 
present a high antitumor activity, and especially the 
“-(l-6)-D-Glucan Having β-(l-3)-Branched Chain” 
exhibited intense antitumor activity on Sarcoma 180/
ICR mice by improving the immune system by activating 
macrophages, T cells, and NK (20).

The results of the current in vivo study provided the 
evidence that our mixture of IS completely suppressed the 
development of papillomas on the back of mice previously 
treated with DMBA/cotton oil by comparing them with 
the (Pc) group. In support of the literature, the tumor 
suppression observed in our study may be due to the 
immunostimulation of innate and adaptative cell immunity 
against tumor promotion. Indeed, histological results of the 
(St) group showed a strong inflammatory reaction. These 
results were confirmed by the blood accounting test. We 
found a significant increase in the levels of WBC, MO and LY 
in the (St) group compared with the (Pc) group. This result 
agrees with those in many studies(21,22) which found that 
β-glucans were recognized by the innate immune system 
allowing modulation of the host’s immune response. It 
is recognized by the receptors of innate immunity cells 
(pattern recognition receptors (PRRs) like the CR3, TLR, and 
the best known, Dectin-1. Neutrophils, macrophages, and 
dendritic cells, among others, express several receptors 
able to recognize β-glucan in its various forms. It was 
reported that the β-glucan particulates bind to these 

receptors and induce the dendritic cells infiltration into 
the tumor. This can lead to delayed tumor progression (22). 
Also, upon binding β-glucan, innate immune cells activate 
adaptive immune cells such as B and T lymphocytes or NK 
cells by secreting various cytokines, such as interleukins 
(IL-4, IL-6) and tumor necrosis factor-α (TNF-α) (23,24). 
Among the models explaining the action mode of the 
β-glucan is that of “two steps”. The first step consists of 
the recognition of β-glucan by the PRRs of macrophages 
or dendritic cells. Then, they will be internalized and 
degraded into fragments, which will be released so that, in 
the second step, they reach and attach themselves to their 
targets, which are NK or granulocytes, to activate them 
(24). Finaly, studies have reported that the chemopreventive 
effect of the mushroom’s mixture could be mainly 
attributed to the presence of terpenes, polysaccharides 
and proteins that ensure its pharmaceutical properties 
are linked, among others, to their anti-inflammatory and 
antioxidant activities (19).

Although several antioxidants do inhibit skin tumor 
initiation by procarcinogens antioxidants, vitamins E 
and C, as well as many other antioxidants, are very 
effective inhibitors of skin tumor promotion (25). Despite 
the reactive oxygen species (ROS) are known to cause 
DNA damages and increase mutagenesis, and thereby 
promote oncogenic transformation, the relationship 
between ROS and tumorigenesis is clearly complex and 
context-dependent. Chemical carcinogenesis leads to 
the excessive generation of ROS who favors the mutation 
of the Ha-ras gene, the main genetic transformation 
that induces the initiation of malignant cells in the skin 
of mice (26). To fighting against oxidative stress, the 
organism possesses a whole arsenal of enzymes. The 
most important among them are SOD, CAT and GPx. The 
functioning of these enzymes can be affected by cancer 
which can disrupt their activities.

Our results showed a significant decrease in the SOD 
and GPx activities in both of the (Dc) and (Pc) groups 
compared with the (C) group. A significant increase in 
the CAT activity in the (Dc) group compared with the 
(C) group was observed. The decreased activity of SOD 
was reverted back to near normal levels in the (St) group 
compared with the (Pc) group, while the GPx activity still 
decreased significantly in the (St) group compared with 
the (Pc) group. 

Usually, the activity of the antioxidant enzymes varies 
simultaneously (27). The decrease in SOD activity in the 
(Dc) group compared to the (C) group indicates a low 
production of H

2
O

2
 which may explain the simultaneous 

decrease in GPx activity. The elimination of H
2
O

2 
produced 

is therefore mainly dependent on the CAT, which may 
explain the increase in its activity.
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Subramanian et al., 2014 (9), reported a decrease in 
both SOD and CAT activities in mice subjected to the 
same carcinogenesis protocol. These activities were 
significantly restored when mice were treated with 
gallic acid. A number of recent studies have suggested 
that neutralizing ROS can facilitate tumor progression 
and metastasis in multiple cancer types through distinct 
mechanisms (28). Doskey el al., 2016 (29) reported that 
cancers with a low catalytic activity of CAT are likely to be 
more sensitive and are more vulnerable to H

2
O

2
. Indeed, 

Bonnet et al., 2007 (30) reported that H
2
O

2
 produced by 

SOD from a superoxide anion can induce apoptosis of 
cancer cells and inhibit tumor development. In support of 
these bibliographic data, we can suggest that the restored 
activity of SOD accompanied by the low catalytic activites 
of CAT and GPx in the (St) group would have induced an 
accumulation of H

2
O

2
, which would be at the origin of the 

inhibition of the carcinogenesis.

Conclusion

The combined DMBA/croton oil protocol induces 70% 
precancerous hyperplasia of epidermal cells within 18 
weeks of experimentation. But obviously, the progression 
to a malignant tumor requires more time according to the 
literature. The combined IS [β-glucan + Arabinogalactan 
+ mixture powder of Reishi (Ganoderma lucidum), Maitake 
(Grifolafrondosa), and Shiitake (Lentinula edodes)] have 
immunomodulatory and chemopreventive effects against 
carcinigenesis. In addition, it seems to strongly involve 
enzymatic activities of SOD, CAT, and GPx, leading to the 
suppression of the promotion stage. This effect might be 
due to a synergistic action of various components present 
in the combined treatment.
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