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ABSTRACT

Background: Colitis is an inflammatory bowel disease, which is treated effectively with
antioxidant and anti-inflammatory drugs. This study evaluated the anti-inflammatory effects
of the extracts of Viola odorata and Cassia fistula on the acetic acid-induced colitis in rats.

Methods: We determined the total contents of phenols, alkaloids, saponins, and tannins
in the plants’ extracts. Further, we used 28 male Wistar rats in four groups of seven each.
Colitis was induced in the experimental groups by the intra-rectal administration of 1% acetic
acid. Distilled water was used in the sham group. After induction of colitis, the control group
received distilled water, the sham group received normal saline, the standard group received
360 mg/kg oral sulfasalazine, and the experimental group received the combined extracts at
200 mg/kg orally. The severity of colitis was assessed in all animal groups.

Results: The phytochemical assays showed that both extracts contained alkaloid and saponin.
Also, the V. odorata extract contained tannin while C. fistula had anthraquinone. Acetic acid
increased the thickness of the colonic epithelial layer and caused edema, cell necrosis, and
increased myeloperoxidase enzyme in the colon tissues. The inflammation, colon weight per
unit area, and macroscopic scores in the group treated with the combined extracts were reduced
more than that in the standard group. The extracts reduced the activity in the experimental
group. However, sulfasalazine resulted in a better healing of the colitis.

Conclusion: The combined extracts at 200 mg/kg effectively reduced the colitis induced by
acetic acid in the rats.

Keywords: Animal experiments, Cassia fistula, Colitis, Inflammation, Viola odorata

Introduction Symptoms of CD include persistent diarrhea, abdominal
pain, weight loss, fatigue, and fever. In UC, dysentery
nflammatory bowel disease (IBD) is a and anemia are frequently observed in addition to the
chronic condition with no specific cause, symptoms found in CD.
which is categorized into two groups:
Crohn’s disease (CD) and ulcerative coli- Arise in the global incidence of IBD has been reported
tis (UC). These conditions, prevalent at over the past decade, especially in industrial Asian coun-
the ages of 15-40, are caused or aggravated by environ- tries, such as China and India. In Iran, it has been esti-
mental factors, such as smoking, stress, and genotype. mated that 23,000 and 30,000 people lived with IBD in
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2017 and 2020, respectively, and the number is projected
to rise to 69,000 by the year 2035 [1]. Due to the chronic
nature of IBD, the treatments are mainly based on the
severity, location, treatment history, need for hospitaliza-
tion, and the associated healthcare costs. Unfortunately,
IBD has imposed a high cost on the healthcare system of
the countries where people with this condition reside [2].

An imbalance between proinflammatory and anti-inflam-
matory cytokines in IBD prevents the termination of the
inflammatory process and causes it to continue, leading to
gastrointestinal (GI) damages and excessive tissue reac-
tion. Excessive immune response to antigens in the GI lu-
men leads to the release of inflammatory mediators. Such
cytokines, as interleukin-6 and tumor necrosis factor-alpha
(TNF-a) are considered to play special roles in this disease
[3]. These cytokines activate the signaling cascades in the
mucosal immune cells via Janus kinase-signal transduc-
ers and activators of transcription (JAK-STAT) pathway
[4]. Popular drugs used for the treatment of IBD are ami-
nosalicylates (sulfasalazine), corticosteroids, thiopurines,
immunosuppressants, and anti-TNF-a. [5].

Unfortunately, despite the efficiency, taking these
medicines are associated with complications that limit
their use. For instance, anemia and liver disorders are
among the complications of sulfasalazine while renal
disease and allergy limit the use of 5-aminosalicylates.
Further, corticosteroids have their own side effects, such
as osteoporosis, cataracts, and aseptic necrosis of the hip
joint, while immunosuppressants promote anemia and
infections. Among the prevalent complications of thio-
purines, leukopenia and elevated liver enzymes, such as
transaminases, are well known. Lastly, anti-TNF-o med-
ications also have their side effects, such as infections,
colds, otitis media, and sinusitis [6].

Considering the anti-inflammatory and anti-oxidative
properties of Viola odorata and Cassia Fistula, and the
therapeutic effects of the combined extracts from these
plants in Persian medicine, and since colitis is a good
model for exploring anti-inflammatory effect, this study
was planned to experimentally investigate the anti-
inflammatory effect of the extracts from both plants on
induced colitis in rats.

V. odorata is a perennial plant with dark green, ellip-
tical leaves and long petioles usually protruding from
the leaf collar or the lamina joint region. This plant con-
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tains such compounds as alkaloids, glycosides, saponin,
methyl salicylates, mucilage, and vitamin C [7]. Among
its most active ingredients, this plant is known to pos-
sess valuable peptides, such as cyclotides and cyclovio-
lacin. This plant grows in central Iran, predominantly in
Kashan and the adjacent areas [7].

C. fistula is native to tropical regions of Asia, but it
also grows in South and East Africa, Mexico, and Bra-
zil, and is the national plant of Thailand [8]. In south-
western Iran, this plant is cultivated as an ornament [9],
and grows well in arid regions; it has tiny pinnate leaves
and oval leaflets. The plant has vibrant yellow blooms,
hanging down from the tree, hence its popular use as a
decorative flower.

In the early centuries AD, V. odorata was used to treat
diseases, such as eye inflammation and sore throat; it
was also used as a laxative. In the Canon of Medicine,
the Iranian physician, Ibn Sina, states that V. odorata has
a cold and wet nature and heals gastritis. In the book,
Makhzan-Al’ Advieh, V. odorata has been claimed to
be a bile laxative, thirst-quenching, and useful medicine
for cough, stomach, liver, and spleen ailments, with the
flowers being antidote for toxins. In traditional medicine,
this plant is used to treat cancer and migraine, and as a
tranquilizer. Further, studies have shown that this plant
has anti-inflammatory and anti-microbial effects [9, 10].

V. odorata may also be used for its sedative, diuretic,
anti-asthma, and laxative effects. The fruits of C. fistula
are used traditionally as a safe laxative in children and
pregnant women, and as a herbal tonic for liver and bili-
ary disorders [11, 12].

Materials and Methods

Plant collection and preparation of the extracts:
The flowers and pulps of V. odorata and C. fistula,
respectively,were obtained from a farmers market in
Yazd, Iran. The authenticity of the plants’ flowers and
pulps were confirmed by a licensed botanist, who issued
the voucher numbers SSU0056 and SSU0058 to verify
the products.

The plants’ flowers and pulps were dried, ground, pow-
dered, and passed through a 40-mesh filter. Forty grams
of the powder from each plant was dissolved in 800 mL
of distilled water, and placed on a non-thermal heater
continuously for 72 hours. The prepared extract was
passed through Whatman paper filter and then kept in
an oven at 50°C to be concentrated and dried completely.
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Measurement of total phenolic content: To measure
the total flavonoid compounds, gallic acid standard solu-
tion was prepared at 10, 20, 40, 60, 80, 100, and 200
pg/mL in 60% methanol, using Folin Ciocalteu (FC)
method [13]. A 0.1 mL aliquoat of the solution was trans-
ferred to a test tube, and 0.5 mL of 10% FC solution was
added. After 3-8 min, 0.4 mL sodium carbonate (75%)
was added to the solution and kept at room temperature.
A 300 pL aliquoat of each sample was poured into mi-
croplate wells, and the light absorbance was read three
times at 760 nm with a microplate/ELISA reader, and
the average absorbance values were plotted. Using the
straight-line formula, the total phenolic content was de-
termined for each sample [13].

The secondry metabolites, such as alkaloides, sapo-
nins, tannins, and anthraquinons were identified, using
the methods established in previous studies [14-18].

Animals: In this study, 28 healthy male Wistar rats,
aged 2-months, weighing 250430 g were used. All rats
were kept under standard laboratory conditions at 20-
25°C with 65-75% humidity and adequate access to food
and water in separate cages and alternating 12-hr light
and dark cycles.

All rats were kept and handled according to the Animal
Rights & Ethics Protocol of Shahid Sadoughi University
of Medical Sciences. The rats were randomly divided
into four groups of seven each as follows:

* Sham group: Healthy rats received distilled water
through the rectum, and were given normal saline orally.

* Control group: Ill rats with colitis received no treat-
ment and were given distilled water.

« Standard group: Ill rats with colitis were treated oral-
ly with sulfasalazine (Mehr Daroo; Tehran, Iran) at 360
mg/kg once daily.

* Experimental group: Il rats with colitis received the
combined extracts of V. odorata and C. fistula orally at
200 mg/kg three times daily.

Induction of colitis in rats: First, the animals were
kept in a fasting state for 24 hours with free access to
water only. Then, light anesthesia was induced in the
animals with diethyl ether (Merck; Germany). A feeding
tube was inserted 8 cm into the rat’s rectum. Then 1 mL
acetic acid (4%; Merck, Germany) was injected into the
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rats’ rectum. Fifteen seconds after the presence of acetic
acid in the colon, 1 mL normal saline was inoculated rec-
tally to neutralize the acetic acid [19, 20].

Macroscopic investigations: The animals’ weight was
measured the day before the induction of colitis in vari-
ous groups and at the end of the treatment period, when
they were sacrificed. The presence or absence of diarrhea
and rectal ulcers were also examined in all animals.

Six days after the induction of colitis, the rats were
sacrificed by induction of anesthesia with ketamine and
xylazine (Alfasan, Holland). The abdominal cavity was
excised in the lower abdominal area to gain access to the
colon. Eight centimeter from the end of the colon beyond
the rectum was isolated, the colon was dissected by a lon-
gitudinal incision, rinsed in normal saline, weighed, and
fixed on an lonlite board. All samples were photographed
by a digital camera from the same distance. Next, an inci-
sion was made and a 1-cm piece of tissue was cut in a spe-
cific region in all animals, fixed in 10% formalin, and used
for the histopathological examinations [21]. To determine
the myeloperoxidase (MPO) activity, 1-cm of each colon
tissue sample was cut out from an identical area, weighed,
frozen in liquid nitrogen, and stored in a freezer at mi-
nus 70°C. The colon images were analyzed, using a Fiji
software, and the extent of inflammation and macroscopic
damages were scored and recorded (Table 1).

Histopathological analyses: For histopathological
analysis of the colon tissue damages and inflammation,
20x20 mm sections were made by a microtome from
the samples fixed in 10% formalin. Next, we dried the
sections in stages, cleaned them by xylene solution, and
embedded them in paraffin wax in a tissue processor.
Subsequently, we made 5-6 p thick slices from the tis-
sue samples, and placed them in a dish containing water
and alcohol to remove the wrinkles. Next, the samples
were dried and stained with hematoxylin and eosin
(H&E) method. The stained sections were examined in
a double-blind manner under light microscopy for histo-
pathological features, such as crypt injury, depth of dam-
age, and degree of inflammation, based on the Gerald’s
method. Details are presented in Table 2. The histopatho-
logical images were taken by a digital camera attached to
the microscope [22].

Myeloperoxidase activity assay: Each colon sample
stored at -70°C, was homogenized separately in 10 mM
potassium phosphate buffer at pH 7. The buffer con-
tained 0.5% hexadecyl trimethylammonium bromide
(Merck, Germany) [23]. The tissue samples were then
centrifuged at 20000 rpm for 30 minutes at 4°C. Next,
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Table 1. Macroscopic scoring of colon condition
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Appearance Score

Without any macroscopic changes Level zero
Erythema conditions on colon’s mucosa tissue Level 1
mild conditions of edema or bleeding or erosion on mucosa tissue Level 2
moderate conditions of edema or ulcers or erosion on mucosa tissue Level 3
severe conditions of edema or ulcers or erosions or necrosis on mucosa tissue Level 4

H,0, (0.1 mM) and tetramethylbenzimide (1.6 mM;
Merck, Germany) were added to the centrifuged super-
natant. The supernatant’s absorbance was read at 450
nm with an ELISA reader three times, and the MPO
activity was determined and recored as pg/mg of the co-
lonic tissue samples [24].

Data analyses: The parametric data were analyzed by
one-way analysis of variance (ANOVA) and Tukey’s
tests. For the analysis of non-parametric data, Mann-
Whitney’s test was used. The Mean+SEM and medium
ranges were used to evaluate the measured parameters.
A 95% confidence interval was considered as significant
to compare the means. Graphs were plotted using Excel
2013, and finally, the data were analyzed statistically on
SPSS software, version 24.

Results

Total flavonoid content: The result of standardization
of total flavonoid content based on the Folin Ciocalteu
method was 12/63 pg/mL at 760 nm. The extract of C.
fistula pulps contained alkaloid, saponin, and anthraqui-
none compounds.

Evaluation of colon tissue weight: The ratio of weight
to length of the colon is a criterion to quantify the tissue

edema. As shown in Figure 1, the induction of colitis in
the rats decreased the colon weight/length ratio in the
experimental group. On the other hand, treating animals
with the extract of V. odorata and C. fistula at 200 mg/kg
(experimental group) showed a statistically significant
difference between this group, and both the control and
standard groups (P<0.05).

Evaluation of macroscopic damage to colon: After
induction of colitis, alterations were observed in the
treated tissue samples, such as increased inflammation,
ulcer, thickening of the colon epithelial layer, edema,
and sometimes necrosis. The control group showed the
highest amount of macroscopic damages in the colon
compared to other groups. The experimental group was
in a better shape than the control and standard groups,
and the difference was statistically significant (P<0.05)
compared to the sham, control, and standard groups
(Figures 2 & 3).

Extent of inflammation: As evident in Figure 4, the
control group showed the highest extent of inflamma-
tion, and the standard group was insignificantly better
than the control group (P>0.05). The administration of
the extract of V. odorata and C. fistula effectively re-
duced the colon inflammatory areas in the group receiv-
ing the extract, and the differences were statistically

Table 2. The histopathological condition of the samples based on Gerald’s method, scored by light microscopy.

Appearance Score
No damage 0
Local hyperemia, but with no ulcer. 1
Linear ulcer without significant inflammation. 2
Linear ulcer with an inflammatory point 3
Two or more ulcers with/without inflammation. 4
Two or more inflammatory points and ulcers or an extended inflammatory area and ulcer more than 1 cm in 5

diameter along the colon.

Zareshahi R, et al. Anti-Inflammatory Effects of Viola odorata and Cassia fistula. Iran J Toxicol. 2023; 17(1):13-24
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Weight/Length ratio (g/cm)
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Sham

Normal saline Sulfasalazine

T 1

Viola & Cassia

Figure 1. Changes in weight/length ratio the ratio in the experimental groups.

“Significant difference compared to the control group (P<0.05)
#Significant difference compared to the sham group (P<0.05)

significant, comparing the experimental versus other
groups (P<0.05).

Histological findings: As shown in Figure 5, the nor-
mal structures of the colon with four distinct layers and
no tissue lesions were observed in the sham group. The
colon walls, mucosa, submucosa, and the muscular and
serous layers in the sham group appeared normal.

As seen in Figure 5 (at the right side of the image), sig-
nificant bleeding and formation of fibrin filaments were
observed in the control group. Also, extensive bleeding
ulcers in all layers, together with tissue necrosis and

abundant inflammation were observed in this group. The
inflammation severity was consistent with the infiltration
of inflammatory cells, involving various parts of the co-
lon, i.e. the mucosa and submucosa throughout the thick-
ness of the colon wall. These changes were indicative of
necrosis across the membranes with bleeding and forma-
tion of fibrin filaments. Abundant inflammatory cells in-
filtration and significant edema were also observed in the
submucosa. The reduced bleedings, inflammation and
perforations caused by the colitis were observed in the
tissue samples from the positive standard group (Figure

Macroscopic scores (unit)

0 \
Sham

Normal saline Sulfasalazine

Viola & Cassia

Figure 2. Comparison of the average macroscopic scores in the experimental groups.

*Significant difference compared to the control group (P<0.05)
#Significant difference compared to the sham group (P<0.05)

Zareshahi R, et al. Anti-Inflammatory Effects of Viola odorata and Cassia fistula. Iran J Toxicol. 2023; 17(1):13-24

I



http://ijt.arakmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en

[—]|
"~ lranian Journal of Toxicology
ARAK UNIVERSITY OF MEDICAL SCIENCES

January 2023, Volume 17, Number 1

Sham Control Experimental Standard
Group Group Group Group

Figure 3. Macroscopic appearances of colonic samples in the experimental groups

5). Spot bleeding and reduced edema were also observed (P<0.05). Compared to the experimental group, the posi-
in the specified areas and the submucosal layer. tive standard group was in a better shape, but the differ-

ence was not statistically significant (P>0.05). These
Variations in myeloperoxidase enzyme level: There results are presented in Figure 6.

was a statistically significant difference between the

control and sham groups with respect to MPO enzyme Discussion

levels. Specifically, the former was in a worse shape

than the latter (P<0.05). Also, the experimental group The present study demonstrated that the extracts of V.
was in a significantly better shape than the control group odorata and C. fistula given to the rats at 200 mg/kg ef-

3.5

Inflammation Eextent (cm?)

Normal saline Sulfasalazine Viola & Cassia

Figure 4. Inflammation extent in the experimental groups
*Significant difference compared to the control group (P<0.05).

]
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Sulfasalazine

Figure 5. The histopathologic appearances of the colon tissue samples

fectively reduced the tissue damages and inflammatory
response caused by acetic acid-induced colitis.

The intrarectal administration of acetic acid is a valid
model for inducing experimental colitis in animals. This
model is used to screen the new drugs, since it devel-
ops colitis similar to that observed in humans [25, 26].
Reactive oxygen species are the main products after the
colitis induction, which generates and raises the MPO
and malondialdehyde levels in the serum. Also, these
enzymes can lead to increased production of nuclear
factor kappa-light-chain-enhancer in activated B cells.

This event also occurs due to the induction of another
pathway that raises the TNF-a. level [27]. The induction
of colitis in rats, using this model, causes weight loss in
the animal, increased colonic tissue weight per unit area,
extensive colon inflammation and ulcers, along along
with thickening of the colonic epithelial layer, edema
and necrosis, crypt abscesses, reduced mucin secretion
in the colon, and increased MPO enzyme level [18]. In
this study, all of these manifestations were observed in
the treated rats, especially those in the control group.

0.18

0.16

0.14

0.12

0.1

ity (unit/g tissue)

0.08

v

0.06

0.04

MPO Act

0.02

Sham

Normal saline

Viola & Cassia

Sulfasalazine

Figure 6. The myeloproxidase (MPO) levels in the experimental groups.

"Significant difference compared to the control group (P<0.05)
#Significant difference compared to the sham group (P<0.05)
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The experimental group showed a significant reduction
in the colon weight per unit area (P<0.05) compared with
the control and positive standard groups. An increase in
colon weight per unit length was observed in the control
group. The weight-to-length ratio measures local inflam-
mation and tissue edema [28]. By receiving the extracts,
the experimental group had less colon tissue edema than
those who received sulfasalazine (P<0.05). This is likely
due to the efficacy of phytochemical compounds, such
as barbalion (aloin) in the extracts that protected against
edema by lowering the hydrostatic pressure of the blood
while increasing the blood flow [18, 29].

The MPO activity levels were directly related to the
number of neutrophils in the inflamed colon tissue
samples [25, 26], obviously because this enzyme is re-
leased from actived neutrophils, which led to oxidative
damages to the colon and induction of colitis [25]. A
significant reduction in the MPO level was observed in
the experimental group compared to those in the con-
trols (P<0.05). This suggests the efficacy of the extracts
in reducing the neutrophils numbers in the inflamed tis-
sue, which in turn reduced the oxidative reactions and
the spread of the ulcers in the colon. Our macroscopic
observations indicated that the experimental group had
significantly lower scores than both the control and stan-
dard groups. The sham group scored zero, with similar
level of oxidative reactions. The reduced MPO levels
may be attributed to low neutrophils in the colon tissue,
and due to the presence of phytochemical compounds
i.e. barbaloin [18, 29]. The neutrophils infiltration into
the colon tissue and the low MPO level were associated
with significantly lower edema and normal intercellular
distances among the epithelial cells.

Oxidative enzymes are found in all body cells at normal
levels. They can generate inflammation via producing
ROS and nitric oxide (NO) in excess of the normal lev-
els required by the gastrointestinal tract [30]. Generally,
the extracts of V. odorata and C. fistula are regarded as
powerful antioxidants, able to inhibit diphenyl-1-picryl-
hydrazyl, hydroxyl and free radicals, such as NO [31].
The extracts do these activities via their flavonoid con-
tents, coumarin [32, 33], vitamin C [33], methyl esters,
hexadecanoic acid, phytol [34], and barbalion [18]. All of
these compounds have excellent antioxidant properties.

As initiators of the inflammatory process, microorgan-
isms in IBD cause immune cells to invade the tissue due
to their chemotaxis effects. This process is accelerated
by releasing further inflammatory mediators, causing tis-
sue damage and severe tissue destruction [35]. Having
antibiotic properties, with more efficacy against gram-
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negative bacteria than the gram-positive ones, cyclovi-
olacin-O2 [36] gamma-sitosterol, phytol, and hexadeca-
noic acid methyl ester (with antifungal effect) [18, 34],
barbalion and tannins [37] prevent the opportunistic bac-
terial infections in the GI tract. Mucilage is a compound
also found in V. odorata extract, which relieves the mu-
cosa by forming a protective layer over the ulcers and
inflammatory areas [38]. Sedghi et al. investigated the
histomorphological effect of V. odorata extract on skin
wounds in rats. They found that the wounded areas in the
experimental group were smaller, as compared to those
in the control group. The authors attributed the findings
to the anti-inflammatory effects of the extract [39].

The percentage of inflamed colonic regions in the ex-
perimental group was significantly less than those found
in the control and standard groups (P<0.05). The aque-
ous extract of C. fistula pulps showed anti-inflammatory
effects [40] due to its flavonoids, coumarin [32, 33], vi-
tamin C [33], and vitamin E (tocopherol) contents [41].
These compounds are strong antioxidants and modula-
tors of the immune system [42]. The presence of salicy-
late and barbaloin in addition to such contents as vanillic
acid (inhibitor of cyclooxygenase) [18, 43-45], and anti-
inflammatory phytochemicals, such as gamma-sitoster-
ol, phytol, methyl ester, and hexadecanoic acid in the V.
odorata extract have anti-inflammatory effects.

In this study, the experimental group received a higher
microscopic score than other groups, likely due to stimu-
lation of the immune system by phytol [34]. Long-term
consumption of ¥ odorata extract can prevent the prog-
ress of colitis and its conversion to cancer due to the high
contents of vitamin C [33], cyclo-violacin-O2 [31], cyc-
lo-violacin-O8, octacosanol and gamma-sitosterol (pre-
vents angiogenesis) [34], barbaloin [18], thymol, oleic
acid, furanone, and rhein [46] with anti-tumor property.
In a study by Alipanah, et al., it was found that the extract
of V. odorata inhibited free radicals in a dose-dependent
manner. They also found that the V. odorata extract in-
hibited tumor growth and reduced lung and liver metas-
tasis in animal models [47].

Conclusions

The present preliminary study demonstrated that the
hydroalcoholic extracts of V. odorata and C. fistula at
200 mg/kg significantly reduced tissue damages and in-
flammation caused by acetic acid-induced colitis in the
colon tissue of male Wistar rats. Based on the findings
of this study, the combined extracts may potentially be
regarded as a complementary medicine in the clinical
management of inflammatory bowel disease. Further

Zareshahi R, et al. Anti-Inflammatory Effects of Viola odorata and Cassia fistula. Iran J Toxicol. 2023; 17(1):13-24
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evidence on the clinical and prognostic advantages of
these extracts awaits future research in animal and hu-
man models.
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