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ABSTRACT. Sweet potato (Ipomoea batatas L) leaf is one of the well-known vegetables among Indonesian. It is also often
used as traditional medicine for diabetes mellitus. This research aimed to investigate the protective effect of I. batatas L
leaves extract on the pancreas of type 1 diabetes animal model. Twenty-five male Sprague-Dawley rats were divided into 3
treatment groups and 2 control groups. Streptozotocin (STZ) was injected low doses (40 mg/kg BW) intraperitoneally for 5
consecutive days, |. batatas L leaves extract (doses 0.25, 0.8, and 2.5 g/ kg BW) were administered for 14 days aofter the
first STZ injection. Fasting blood glucose was analyzed after complete STZ induction (day 6) and after 14 days of treatment.
At the end of the study, rats were killed, and pancreas tissues were removed for histological examination and
immunohistochemical procedures using anti-insulin antibody. Diabetic rats treated with 2.5 g/kg BW I. batatas L leaves
extract showed the lowest fasting blood glucose among treatment groups and had approximately 50% normal Langerhans
islets with functional beta cells. These results suggest that I. batatas L leave extract has anti-diabetic activity through its

protective effect on the pancreas.
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INTRODUCTION

Blood glucose homeostasis is controlled by
pancreatic endocrine beta cells found in the
Langerhans islands. The optimal control of blood
glucose level depends on the production and
secretion of insulin by pancreatic beta cells. The
failure of pancreatic beta-cell adaptation against
changes in the body, such as weight gain, pregnancy,
peripheral insulin sensitivity, or tissue damage, may
cause a chronic increase of blood glucose known as
diabetes (Weir & Bonner-Weir, 2013).

Diabetes is a major endocrine disorder that is
reported to increase rapidly in the world. Based
on the World Health Organization (WHO) and
American Diabetes Association (ADA) diagnostic
criteria, in 2030, there will be 439 million people
offected by the disease (Shaw, Sicree, & Zimmet,
2010). This became one of the focus attention on
health strategies both in the national and international
scale. One strategic effort developed is the utilization
of traditional medicinal plants for diabetes as
recommended by WHO (ljoola et al., 2014).

Several studies have shown the beneficial effect
of Ipomoea batatas L (sweet potato) leaves extract
as an antidiabetic herb. I. batatas L leaf is one of
the popular vegetables consumed by people in
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Southeast Asia, especially Indonesia. |. batatas
leaves are rich in nutrients, fibers, vitamins, minerals,
and polyphenol as an antioxidant agent (Sun, Mu,
Xi, Zhang, & Chen, 2014). Aqueous extract of I.
batatas leaf could control blood glucose and
improve kidney and blood hematological functions
(Rafiu & Luka, 2018). Ethyl acetate extract fraction
of I. batatas leaves could stimulate insulin
secretion and inhibited glucogenesis  enzymatic
activity in streptozotocin  (STZ)  induced diabetic
mice (Lien et al., 2011).

STZ is one of the chemicals which widely used
to induce diabetes in experimental animals. It is a
genotoxic methylating agent that selectively destroy
pancreatic beta cells and initiate insulin-dependent
diabetes mellitus (IDDM) or type 1 diabetes (T1D)
(Wu & Yan, 2015). T1D is an autoimmune disease
defined by the infiltration of mononuclear cells into
Langerhans islet (insulitis) and decreases numbers
of pancreatic beta cells (Kawasaki, 2014). This
study aimed to investigate the protective effect of
|. batatas leaves extract on the pancreas of the
TID animal model. We analyzed histology of
Langerhans islets, and beta-cell insulin expression
of streptozotocin (STZ) induced diabetic rats by
immunohistochemistry procedures.
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EXPERIMENTAL SECTION
Plant Material

Fresh leaves of I. batatas (family of clones B 0059-
3) were harvested in July from the Bandungan
plantation area in Central Java Indonesia. They were
washed thoroughly in water until clean and free from
the debris. The leaves were drained and oven-dried
at 45°C for 48 hours, then pollinated with a 1 mm
diameter holes pollinator to get about 600 g leaves
powder. The extraction was performed in The Institute
for Integrated Research and Testing Gadjah Mada
University Yogyakarta using the percolation method.
Leaves powder was put into the percolator, added 3 L
technical petroleum ether, allowed to stand for 24
hours, and then dripped 3-4 drops per second until
the filtrate clear in color. The pulp was oven-dried at
50°C for 24 hours. Dried pulp was soaked in 2.5 L
70% ethanol, stirred for 30 minutes, allowed to stand
for 24 hours, and then filtered. The filtrate then
evaporated and concentrated in an oven at 50°C. The
obtained I. batatas leave extract was dissolved in aqua
dest and administered at 0.25, 0.8, and 2.5 g/kg
BW/day orally.

Animals

Twenty-five male Sprague-Dawley rats, aged 2-3
months, 180-200 g, were obtained from Animal
Laboratory of The Institute for Integrated Research and
Testing Gadjah Mada University Yogyakarta. They
were caged individually and maintained in a well-
ventilated room with a temperature of 25°C and 12
hours light and dark cycle. Standard rat feed from
the laboratory (AD Il consisted of 15% protein, 7% fat,
6% rough fibers, and various minerals) and aqua dest
were given as daily consumption ad libitum. Rats
were aclimatised for a week, then divided into five
experimental groups: 1. Normal control group, 2.
Diabetic group non treated, 3. The diabetic group
treated with 0.25 g/kg BW I. batatas leaves extract
daily, 4. The diabetic group treated with 0.8 g/kg
BW I. batatas leaves extract daily, and 5. The diabetic
group treated with 2.5 g/kg BW |I. batatas leaves
extract daily. The extract was given continuously for 14
days after the first STZ induction. Control and the
diabetic not treated group were given the only saline.
This study was approved by the Health Research Ethics
Committee  Faculty of Medicine Diponegoro
University/ Dr. Kariadi Hospital Semarang.

Induction of Diabetes

Streptozotocin  (Cat.#572201 CALBIOCHEM®)
was used to induce pancreatic Langerhans islets and
beta cells damage. STZ in citrate buffer (pH 4.5) was
injected ot multiple low doses (40 mg/kg BW)
intfraperitoneal daily for 5 consecutive days. Fasting
blood glucose of all rats at day 6 (24 hours after the
last STZ injection to confirm diabetes status), and at
the end of the study were analyzed using
sphectrophotometer (UV-1800 Shimadzu). Fasting
blood glucose greater than 200 mg/dl was considered

49

Dody Novrial, et al.

as diabetes (Pournaghi, Sadrkhanlou, Hasanzadeh, &
Foroughi, 2012).

Histological Examination of The Pancreas

Pancreas tissues were fixed in buffered formalin
and then embedded in paraffin. Sections (4 um)
from the paraffin blocks were prepared and stained
with  hematoxylin and eosin (H&E) procedure.
Histological examination of pancreas performed by
evaluating the degree of insulitis on Langerhans islets
at 400x magnification, consistent across 10 fields of
view. Insulitis were graded as follows: O = intact islets;
1 = mild insulitis, if infiliration of mononuclear cells
(MNC) < 25% of islets; 2 = moderate insulitis, if 25%-
50% of islets were infiltrated by MNC; 3 = severe
insulitis, if infiliration of MNC > 50% of islets; and 4
end-stage islet, if all the islets were necrotic
(complete loss of beta cell).

Immunohistochemistry of Beta Cells Insulin Expression

Formalin-fixed paraffin-embedded (FPPE) tissue
blocks were cut into 4 um thick sections and mounted
on a slide coated with poly-L-lysine. The slides then
followed procedures of dewaxing, rehydration,
blocking with hydrogen peroxide, and antigen
retrieval with a microwave. Slides were incubated with
primary antibody anti-insulin Ab-5 (Clone INSO5)
for 30 minutes at room temperature. Incubation with
secondary antibody and product visualization (Dako)
was performed with diaminobenzidine substrate as
the chromogen. The slides were finally counterstained
with hematoxylin and washed once each with distilled
water and PBS. Assessment of insulin expression of
beta cells performed using Allred score at 400x
magpnification, consistent across 10 fields of view
(Allred, Harvey, Berardo, & Clark, 1998).

Statistical Analysis

One-way ANOVA followed by LSD post hoc test
was performed for blood glucose analysis. The degree
of insulitis and insulin expression of beta cells were
analyzed using the Kruskal-Wallis test followed by
Mann-Whitney U test. A p-value < 0.05 was
considered significant.

RESULTS AND DISCUSSION
Fasting Blood Glucose

Table 1 showed the potential effect of STZ to induce
diabetic animal models and the protective effect of .
batatas leaves extract. Multiple low doses of STZ
injected intraperitoneal in 5 consecutive days could
increase fasting blood glucose level 6 times higher
than the normal group. Diabetic rat treated with I.
batatas leaves extract showed lower fasting blood
glucose levels than the untreated one. Diabetic rats
treated with 2.5 g/kg BW extract had significantly
lowest fasting blood glucose levels (p < 0.05) both
after complete STZ induction (day 6) and at the end of
the experiment (day 14). Post hoc analysis of the latest
fasting blood glucose demonstrated significant
differences between each group (p<0.05).
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Table 1. Effect of Ipomoea batatas L leaves extract on blood fasting glucose

Groups Blood Glucose Blood Glucose Changes in
Day-6 (mg/dl) Day-14 (mg/dl) Glucose (%)
Normal rat 83.42+11.117 86.58+4.23 3.79 Up
Diabetic rat untreated 490,56+36.33 484.72+16.29 1.19 Down
Diabetic rat + 0.25 g/kgBW extract 436,92+77.05 375.32+£23.93" 14.09 Down
Diabetic rat + 0.8 g/kgBW extract 473,44+28.69 226.56+7.16" 52.15 Down
Diabetic rat + 2.5 g/kgBW extract 419,58+49.39° 179.46+6.79" 57.23 Down

"1 p < 0.05 vs diabetic rat untreated group

T1D is an autoimmune disease characterized by a
local islet inflammatory reaction followed by the
destruction of insulin-secreting beta cells (Tyka et al.,
2019). Previous studies proved that type 1 diabetes is
an organ-specific disease caused by an autoimmune
reaction against pancreatic beta cells (Kawasaki,
2014). In experimental pathology, STZ is a widely
used chemical to induce T1D model in rodents. ltis a
broad-spectrum antibiotic obtained from Streptomyces
acromogenes (Rosol, Delellis, Harvey, & Sutcliffe,
2013). STZ contains glucose molecules which bind to
the high methyl nitrosourea moiety which directs it to
pancreatic beta cells. It can recognize glucose
transporter 2 (GLUT2) receptor in the beta-cell plasma
membrane, and therefore pancreatic beta-cells
become specific target of STZ (Wu & Yan, 2015).

Multiple low doses of STZ (MLDS) is commonly used
to induce T1D model which has clinical, histological,
and immunological features similar to those of the
human disease (Martin et al.,, 2007). The
diabetogenic effect of MLDS (40 mg/kg BW for 5
consecutive days intraperitoneal) is initiated by
reactive oxygen species (ROS) through a direct toxic
effect on GLUT2, stimulation of dependent T cells, and
activation of IKK-a and NF-kB (Goud, Dwarakanath,
& Swamy, 2015; Wu & Yan, 2015). DNA alkylation
in pancreatic beta cells occurred 45 minutes after
MLDS injection, then mononuclear cells will infiltrate
the islets and start the immunologic reaction that will
lead to beta-cell destruction and diabetes (Martin et
al., 2007; Thulesen, Cathrine, Jensd, & Steel, 1997).

In this study, we administered the rats with I.
batatas leaves extract quickly after the first STZ
injection in order to observe its protective effect. Our
result demonstrated that administration of I. batatas
leaves extract for 14 days along with MLDS induction
could maintain normal blood glucose levels of rats in
a dose-dependent manner. Blood glucose level
decreased as much as 14.09%, 52.15%, and 57.23%
in the group treated with 0.25 g/kg BW, 0.8 g/kg BW,
and 2.5 g/kg BW extract respectively.

Several studies have reported the beneficial effects
of I. batatas in the prevention and treatment of chronic
diseases (Ayeleso, Ramachela, & Mukwevho, 2016). |
batatas leaves contain bioactive compounds that have
antioxidant, anti-inflammatory, anti-tumor, and
immunomodulatory activities (Ayeleso et al., 2016;
Koncic, Petlevski, & Kalodera, 2013; Mbayei-Nwaoha
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& Emejulu, 2013). Both immunomodulatory and
antioxidant properties of | batatas leaves extract might
play an important role in removing oxidative damage
caused by STZ induction (Niwa, Taijiri, & Higashino,
2011).

Two major phytochemicals found in | batatas
leaves are flavonoid and phenolic content. The
previous study of | batatas leaves variants in Malaysia
showed flavonoid content ranged between 96 ug and
263.5 ug/g dry weight, meanwhile, total phenolic
contents ranged from 2.78 to 5.35 g/100 g dry weight
(Hue, Boyce, & Somasundram, 2012). Recently,
anthocyanins, catechins, flavonols (quercetin), and
proanthocyanidins have been identified as flavonoid
contents in | batatas leaves extract (Carvalho,
Cavaco, Carvalho, & Duque, 2010), and caffeic acid
as an active compound of the phenol group (Majid et
al., 2018).

Flavonoids become the main bioactive compound
obtained from I. batatas leaves extract (Mbayei-
Nwaoha & Emejulu, 2013). Flavonoids have
pharmacological property as a potent antioxidant that
plays a role in the amelioration of diabetes status
(Sarian et al., 2017). Furthermore, flavonoids could
stimulate glucose uptake in peripheral tissue, and act
as insulin secretagogues by influencing the pleiotropic
mechanisms of insulin signaling (Cazarolli et al.,
2008; Soares, Leal, Silva, Almeida, & Oliveira, 2017).
Quercetin and catechin involve the modulation of
Ca?* by alterations in Ca?* fluxes. The increase in
calcium concentration intracellular stimulates many
cellular pathways that promote insulin secretion
(Soares et al., 2017). In addition, quercetin can
enhance glucose uptake in peripheral tissue and
reduce insulin resistance (Rafiu & Luka, 2018).

Meanwhile, | batatas leave extract also has
abundant phenolic compounds such as caffeic acid
and its derivatives (Ghasemzadeh, Omidvar, & Jaafar,
2012; Niwa et al., 2011). Caffeic acid is known as a
potent inhibitor of mitogenic activity which induces T
cell proliferation, lymphokine production, and
activation of NFkB (Maijid et al., 2018; Sidoryk,
Jaromin, Filipczak, Cmoch, & Cybulski, 2018).
Caffeic acid and its derivatives also strongly inhibit the
production of COX-2 and iNOS (Choi, Tran, Lee, Min,
& Kim, 2018). These anti-inflammatory effects of
caffeic acid and insulin-mimetic action of flavonoids
which is contained in I. batatas leave extract thought
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to play a role in maintaining normal blood glucose
after STZ induction.

Histology of the Pancreas

Assessment of morphology of the pancreas tissue
was performed by evaluating the degree of insulitis in
10 Langerhans islets for each rat ot 400x
magnification. Figure 1 showed the potential effect of
STZ to induce insulitis and protective effect of I. batatas
leaves extract. Diabetic rats treated with the extract
had a lower grade of insulitis compared to normal and
untreated ones depend on the doses (Table 2).
Diabetic rats treated with 2.5 g/kg BW extract group
had better histologic patterns among untreated and
treated groups significantly (p<0.05). Post hoc
analysis confirmed this result, Mann-Whitney U test
showed significant differences between each group in
this study (p<0.05), except diabetic rat treated 0.25
g/kg BW extract group with treated 0.8 g/kg BW
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extract group (p=0.261). However, we only found
18(36%) islets with a normal pattern in this group
compared to 50(100%) in the normal control group.

The pancreas is a small elongated organ that lies
in the upper abdomen behind the stomach. It is part
of the gastrointestinal system that produces and
secrets digestive enzymes into the infestine. It also acts
as an endocrine organ that makes and secrets
hormones into circulation to control metabolism
throughout the body. The majority of the pancreas is
made up of exocrine cells. The endocrine portion of
pancreas (the Langerhans islet) comprises only 1-2%
of pancreatic mass. The alpha, beta, delta, and
pancreatic polypeptide (PP) endocrine cells are located
within the Langerhans islet. The insulin-producing
cells (beta cells) account for approximately 70-80% of
the total cells in the islet (Gialleonardo et al., 2012;
In't Veld, 2011).

Table 2. Effect of Ipomoea batatas L leaves extract on the degree of insulitis

Grade of Insulitis n(%)

Groups 2
Normal rat’ 0(0)
Diabetic rat untreated 1(2)
Diabetic rat + 0.25 g/kgBW extract’ 0(0)
Diabetic rat + 0.8 g/kgBW extract’ 0(0)
Diabetic rat + 2.5 g/kgBW extract’ 0(0)

: p < 0.05 vs diabetic rat untreated group

Figure 1. Grade of insulitis. A. Normal islet in normal control group showing no lymphocyte infiltration;
B. Insulitis grade 1, there is minimal lymphocyte infiltration in the periphery of the islet; C. Insulitis grade
2, there is infiltration of lymphocyte in the periphery and within the islet; D. Insulitis grade 3, severe
inflammation lead to destruction more than 50% of the islet mass; D. Insulitis grade 4, slide section
showing total necrosis of the islet (end-stage islet). (HE, 400x magnification).
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Inflammatory lesion of Langerhans islet termed
insulitis has long been considered as a pathologic
hallmark of T1D (In't Veld, 2011). Insulitis is defined
as the presence of a predominantly lymphocytic
infiltration at least in three Langerhans islets. It can be
peripheral insulitis or within islet parenchyma (Intra
insulitis) (Campbell-Thompson et al., 2013). In the
animal model, a single large dose of STZ (180-190
mg/kg body weight) delivered intraperitoneally causes
enormous beta cells necrosis within 2-3 days after
administration. By contrast, injection of MLDS (35-55
mg/kg body weight/day for 4-5 consecutive days)
causes insulitis and induce sub-toxic effect on beta
cells. It makes MLDS an effective method for inducing
hyperglycemia and mimics T1D (Chaudhry et al.,
2013; Deeds et al.,, 2011). Our results supported
those previous studies, Sprague-Dawley rats
administered with MLDS intraperitoneally had various
degree of insulitis.

Insulitis is a manifestation of an immunologically
mediated destruction of pancreatic beta cells. T1D is
defined by destruction > 75% insulin-secreting beta
cells related to insulitis (In't Veld, 2011). Histological
examination of the pancreas in this study showed
remarkable inhibition of insulitis in treated groups.
These results suggested that | batatas leave extract
could prevent excessive beta cells injury by inhibiting
inflammatory reaction on Langerhans islets.

Flavonoids have an important antioxidant activity,
which explains their beneficial effect on diabetic
therapy. The antioxidant action of flavonoids includes
suppression of ROS formation, scavenging ROS, and
upregulation of antioxidant defenses (Kumar &
Pandey, 2013). Anthocyanin, quercetin, and catechin
have the capability to inhibit the production of TNF-a
and nitric oxide (NO) by lipopolysaccharides from
activated macrophages. Inhibition of TNF-a occurs
post-transcription, whereas inhibition of inducible
nitric oxide synthase occurs in the transcription phase.
Suppression of TNF-a might be due to the ability of
those compounds to inhibit NFkB activation (Bellik et
al., 2013). Meanwhile, the biological activity of caffeic
acid has been widely studied as an anti-tumor and
anti-inflammatory. It can inhibit inducible nitric oxide
synthase (iINOS) gene expression and then suppress
NO production by macrophages (Armutcu, Akyol,
Ustunsoy, & Turan, 2015).

The active compounds of | batatas leave extract
to seem to have a similar pathway in inhibiting
the inflammatory process. It can be explained that
phenol and flavonoids work as inhibitors of iINOS
activity that suppress the production of NO. They
also hinder the activation of NFkB, a specific B cell
nuclei protein that acts as the primary regulator of the
inflammatory response following pro-inflammatory
cytokines (Liu, Zhang, Joo, & Sun, 2017). Success in
inhibiting the activation of NFkB will weaken the
autoimmune and inflammatory response, and
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inhibiting the inflammatory process in Langerhans islet
(insulitis).

Beta Cell Insulin Expression

Insulin is a polypeptide hormone that regulates a
wide number of physiological process that comprises
gene mechanism and non-gene mechanism as well.
It regulates cellular growth, cell differentiation, and
metabolism of lipid, protein, and glucose. Defects in
insulin secretion, action or both will lead to chronic
hyperglycemia known as diabetes (Rojas et al., 2018).
Previous studies found a decreasing number of insulin
immunoreactive beta-cells in Langerhans islet of
diabetic rats (Abunasef, Amin, & Abdel-Hamid, 2014;
Ahmadi, Karimian, Sotoudeh, Bahadori, & Dehghani,
2010), signifying that immunohistochemical staining
with anti-insulin antibody can be used to assess
functioning beta-cells.

In our study, immunohistochemistry of beta-cell
insulin was evaluated using the Allred score in 10
Langerhans islets for each rat at 400x magnification.
Figure 2 showed that beta-cell insulin expression
decreases along with increasing levels of insulitis.
Diabetic rats treated with the extract had a higher
score compared to untreated ones depend on the
doses (Table 2). Diabetic rats treated with 2.5 g/kg
BW extract group had better scores among untreated
and treated groups significantly (p<0.05). Post hoc
analysis showed significant differences between each
group in this study (p<0.05).

Destruction of beta cells in T1D has been attributed
to several mechanisms as follow: expression of both
apoptosis stimulating fragment (Fas) and Fas ligand
(Fas-L) on the surface of activated T lymphocyte and
pancreatic beta cells; secretion of pro-inflammatory
cytokines such as TNF-q, IL-1B8, and IFN-y that induce
inflammation of the Langerhans islets; and production
of reactive oxygen species (ROS) such as NO by
macrophages (Rojas et al., 2018). In T1D animal
model, STZ injection can activate ROS production,
subsequently causing DNA damage. It triggers poly-
ADP-ribosylation that causes reduction of NAD and
followed by ATP depletion, resulting in beta cell death
and necrosis (Szkudelski, 2001). Cellular oxidative is
a critical step in beta cell destruction induced by STZ.
Formation of TNF-a, a pro-inflammatory cytokine
significantly increased in STZ induced diabetic rats. |t
plays a role in peripheral insulin resistance, beta-cell
apoptosis, and reduction of insulin secretion (Niwa et
al., 2011).

In our study, histological examination of the
pancreas in diabetic rats administered with | batatas
leaves extract showed remarkable inhibition of
insulitis. Further, the insulin expression score of beta
cells was higher in the treated groups compared to the
untreated one. These results proved the potential
effect of I. batatas leaf extracts to maintain beta-cell
function through inhibition of inflammatory reaction in
the Langerhans islet.
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Table 3. Effect of Ipomoea batatas L leaves extract on beta-cell insulin expression

Groups Allred Score
Normal rat 8.00+00.00°
Diabetic rat untreated 1.20+£1.095
Diabetic rat + 0.25 g/kgBW extract 2.20+0.447"
Diabetic rat + 0.8 g/kgBW extract 3.00+0.707°
Diabetic rat + 2.5 g/kgBW extract 4.40+1.673

"t p < 0.05 vs diabetic rat untreated group

Figure 2. Beta-cell insulin expression in normal islet showing strong immunoreactivity (A), in low-grade insulitis
showing a decrease of intensity with normal proportion (B), in moderate grade insulitis (C), and high-grade
insulitis (D, E) showing marked decrease of immunoreactivity. (IHC, 400x magnification).

Our results support the previous study that showed
anti-inflammatory, immunomodulatory and
antioxidant properties of | batatas leaves extract might
play an important role in removing oxidative damage
caused by STZ induction (Ayeleso et al., 2016; Niwa
et al.,, 2011). I batatas has a potential effect in
suppressing TNF-a level, and depressing expression of
p38 mitogen-activated protein kinase (p38 MAPK), a
protein kinase that involved in apoptosis induction of
beta-cells, and also participates in controlling cellular
responses to cytokines and stress (Niwa et al., 2011;
Sramek et al., 2016).

Hypoglycemic effects of | batatas leaves extract
might  work  through this  anti-inflammatory
mechanisms and stimulation of insulin secretion.
Therefore I. batatas leave extract is likely to have a
protective effect on autoimmune disease such as T1D.
Nevertheless, the beneficial effects of | batatas leave
extract is in a dose-dependent manner. In this study,
the highest dose could maintain approximately 50% of
normal islets. It means that the optimum dose may
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not have been reached yet. Therefore, further
investigation to explore the potential effect of | batatas
leaf for diabetic therapy is recommended.

CONCLUSIONS

This experiment demonstrated the potential effect
of Ipomoea batatas L leaves extract in suppressing
insulitis and protecting pancreatic beta-cell on STZ
induced diabetic rats. Therefore, this plant can be
recommended as a potential source for the discovery
of an alternative drug for T1D therapy.
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