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ABSTRACT

The present study investigated the phytochemical, high-performance thin-layer chromatography
(HPTLC) profiling, total phenolic content, antibacterial activity, acute toxicity studies,
hemodynamic parameters, myeloperoxidase (MPO) activity and serum procalcitonin (PCT) levels
of hydroalcoholic extract of Bryum weigelii (HE-Bw), and its effects on cecal ligation and puncture
(CLP) induced sepsis in mice. The preliminary phytochemical screening showed that HE-Bw
contains alkaloids, terpenoids, flavonoids, phenolics, and tannins. The HPTLC analysis of HE-Bw
identified three unknown components with different R, values and area percentage. The total
phenolic amount for HE-Bw was equivalent to 211.6 + 0.8 mg of gallic acid per 100 g of dried
plant material. At 100 pg/ml concentration, HE-Bw showed antibacterial activities as potent as
streptomycin against Staphylococcus aureus and Escherichia coli. Acute toxicity studies on mice
found out that HE-Bw was non-toxic up to 2000 mg/Kg body weight. At both low and high doses,
HE-Bw improved hemodynamic parameters such as mean arterial pressure and decreased optical
density of blood, while decreased serum MPO activity and PCT levels. Moreover, at a high dose,
HE-Bw showed a survival rate of 92.50 = 3.50% in mice that might be through proinflammatory
and bacteremia effects. The results indicate that B. weigelii can be a favorable natural source for
CLP-induced sepsis treatment in mice.

Key words: Antibacterial agent, Cecal ligation and puncture -induced sepsis, Hemodynamics parameters,
High-performance thin-layer chromatography profile, Myeloperoxidase activity, Total phenolic content

cardiomyopathy and endothelial dysfunction, which results
from adverse effects of substances secreted from pathogens
and host cells.!

care units, and no decisive medical treatment is

S epsis is one of the major causes of death in intensive

available against sepsis. Globally, it is the primary
cause of death from infection in intensive care units.["! It
is a lethal clinical syndrome that results from the body’s
dysregulated systemic inflammatory response due to the
invasion of pathogens.!” Sepsis complications are varied
and involve coagulation disorders, immune suppression,
organ dysfunction, and systemic inflammation.*# Severe
sepsis affects the cardiovascular system that causes

Furthermore, sepsis impairs neutrophil migration and its
antimicrobial activity. Inadequate migration of neutrophils
into the infection site causes the systemic spread of pathogens,
which results in high mortality rates. The initial management
of infection in the sepsis requires initiating appropriate and
timely antibiotic therapy.!® However, there is no specific
therapy or drug against sepsis. Hence, searching to find a
new medication for the management of sepsis is necessary.
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Many of the available medicines are derived from herbs,
and medicinal plants have long been used to treat various
disorders.

Bryum (Bryaceae family) is the largest genus of mosses
with around 1000 species all over the world, and well recorded
in the flora of Antarctica, India, Iceland, South Africa, Europe,
Thailand, and China.”® In traditional medicine, Bryum
species has wide applications in treating microbial, burn
cuts, wounds, and skin disorders infections.””? Biologically,
Bryum species reported for anticancer,’” antimicrobial, !
and antioxidant!'®! activities. Chemically, Bryum species
chiefly contains alkaloids, terpenoids, flavonoids, saponins,
and tannins as major constituents.!'™ To date, no proper
phytochemical and biological investigation have attempted
on Bryum weigelii. Hence, the current investigation mainly
aimed to evaluate the phytochemical analysis, high-
performance thin-layer chromatography (HPTLC) profiling,
total phenolic content, and antibacterial activity of whole
moss B. weigelii extract. Furthermore, its protective effects on
hemodynamic parameters, myeloperoxidase (MPO) activity,
serum procalcitonin (PCT) levels as well as survival rate were
evaluated in cecal ligation and puncture (CLP)-induced sepsis
in mice.

MATERIALS AND METHODS

Collection

The whole moss of B. weigelii Spreng has collected from Aaraku
valley, Visakhapatnam, Andhra Pradesh, India in 2019, and a
voucher specimen (AU/2019/Moss/1146) has deposited at
the Department of Botany, Andhra University, Visakhapatnam,
India.

Extraction and isolation

The whole moss was dried and powdered (200 g) and extracted
three times with ethanol-water (7:3) at 25°C. All combined
and evaporated under low pressure to obtain a hydroalcoholic
extract of B. weigelii (HE-Bw, 5.0 g) preserved in an amber
color bottle at 4°C.14

Preliminary phytochemical analysis

Preliminary phytochemical analysis on HE-Bw was performed
according to the standard practical methods.'>!® 0.5 g of
HE-Bw was dissolved in 15 ml of methanol and filtered
using a muslin cloth. The filtrate was subjected to the below
phytochemical tests.

Test for alkaloids

To 1 ml of the prepared extract solution, two drops of Mayer’s
reagent were added. The appearance of a creamy white
precipitate indicates the presence of alkaloids.

Test for anthraquinones

To 1 ml of extract solution, a few drops of 10% ammonia
solution were added. The appearance of a pink color precipitate
indicates the presence of anthraquinones.

Test for bibenzyls

To 1 ml of extract solution, a few drops of aqueous potassium
permanganate were added. The appearance of purple color
indicates the presence of phenanthrenes.

Test for cardiac glycosides

To 1 ml of prepared extract solution was treated with 2 ml of glacial
acetic acid containing one drop of ferric chloride solution. This was
underplayed with 1 ml of concentrated sulphuric acid. A brown
ring at the interface indicated the deoxysugar characteristics of
cardenolides. A violet ring may appear below the ring, while in the
acetic acid layer, a greenish ring may be formed.

Test for coumarins

To 1 ml of 10% sodium hydroxide was added to 1 ml of the
prepared extract solution. The formation of yellow color
indicates the presence of coumarins.

Test for flavonoids

To 1 ml of prepared solution was treated with a 10%
ammonium hydroxide solution. Yellow fluorescence indicates
the presence of flavonoids.

Test for fluorenones

To 1 ml of prepared extract solution, a few drops of glacial
acetic acid and 10% sodium hypochlorite solution were
added, a bright yellow fluorescent indicates the presence of
fluorenones.

Test for phenanthrenes

To 1 ml of prepared extract solution, a few drops of 2% chromic
acid were added. The liberation of intense green color vapors
indicates the presence of phenanthrenes.

Test for phenolics

To 1 ml of prepared solution, a few drops of neutral 5% ferric
chloride solution were added. Dark green color indicates the
presence of phenolic compound.

Test for saponins

The extract (100 mg) is diluted with distilled water and
made up to 10 ml. The suspension was shaken in a graduated
cylinder for 15 minutes. A 1 cm layer of foam indicates the
presence of saponins.

Test for tannins

To 1 ml of extract, 2 ml of 5% ferric chloride was added. The
formation of dark blue or greenish-black indicates the presence
of tannins.

Test for terpenoids

To 1 ml of prepared solution, 1 ml of chloroform and 2 ml of
sulphuric acid were added. The formation of reddish-brown
color indicates the presence of terpenoids.

HPTLC analysis

The HPTLC analysis of HE-Bw was performed on CAMAG
Linomat 5 instrument. The HPTLC plate was developed using
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HE-Bw (10 mg/0.5 ml, HPLC grade ethyl acetate) as per the
standard operating protocol mentioned in Deattu group."”! The
developed plate was dried and sprayed with stannic chloride
reagent and placed in a CAMAG TLC Scanner and captured
image at wavelength 254 nm using a ultraviolet lamp (D2 &
W) to visualize spots and peaks.

Assay for total phenolic content

The total phenolic content!’®! of HE-Bw was established
through the Folin-Ciocalteu reagent. Initially, 500 ml of HE-Bw
were mixed with 5 ml of Folin-Ciocalteu reagent 10% (v/v)
and 4 ml of sodium bicarbonate solution (1 M). After 15 min
of incubation time for the mixture at room temperature,
the absorbance of the produced blue color was read by
spectrophotometer. Ultimately, the total phenolic content of
HE-Bw was calculated from the calibration curve of gallic acid
and expressed as gallic acid equivalent, respectively.['”!

Antibacterial activity

In vitro antimicrobial activity of HE-Bw was performed by
the cup-plate method."?” The test bacteria used in this study
were two Gram-positive bacteria: Staphylococcus aureus
(ATCC25923), and Bacillus subtilis (ATCC21332) and two
Gram-negative bacteria: Salmonella typhi (ATCC1408), and
Escherichia coli (ATCC25922). Mueller Hinton agar plates
inoculated with 0.5 McFarland standards of mentioned
bacteria were used for this assessment. Test strains are
inoculated by spread late technique, and wells were made by
sterile cork borer. Accurately, 50 ul (100 pug/ml concentration)
of HE-Bw and standard (streptomycin) poured in each well.
After 24 h incubation at 37 °C, inhibition zones were measured
by a calibrated scale.?"

Animals

Adult male Swiss albino mice (weighing 25 + 5 g, age
6-8 weeks) were used in this study. The animals were given
food and water ad libitum and were housed in the Animal
House of Duy Tan University of Medicine and Pharmacy under
the standard condition with a temperature of 21 *= 2 °C, the
relative humidity (50 = 10%), and a 12-h light/12-h dark
cycle.??! This study was approved by the Ethics Committee
of Duy Tan University of Medicine and Pharmacy (Code:
VN.DTU.MP2020.412).

Acute oral toxicity using organization for
economic cooperation and development
(OECD) main test 425

Mice were randomly divided into four groups (6 mice in
each group). The OECD main test 425 (up-and-down dose
procedure) was utilized using doses of 175, 550, 1750, and
2000 mg/kg body weight (b.w) of HE-Bw. The test animals
have undergone fasting overnight before administering the
extract using oral gavage. The first set of test animals was
administered with a dose of 175 mg/kg b.w. When the animal
survived after 48 h, the dose given to the next sets of rodents
increased a factor 3.2, which was 550 mg/kg b.w. After 48 h
of survival, the next test animal was given 1750 mg/kg b.w,
then the same cycle was repeated, and the upper bound dose

of 2000 mg/kg b.w was given to the test rodents. The testing
was ended until the last three animals survived the upper
bound dose, and all of the test animals were observed up to
14 days.[?324

CLP-induced sepsis in mice

The CLP model™®! was used for the induction of sepsis. At the
beginning of the experiment, mice were randomly divided into
four groups (six mice in each group). Mice in group 1 (normal
control) underwent midline abdominal incision without CLP
Mice in group 2 (CLP) underwent midline abdominal incision
with cecal ligation (50%) and punctured to induce polymicrobial
sepsis. Mice in groups 3 and 4 received 100 mg/kg b.w (as a
low dose) and 200 mg/kg b.w (as a high dose) of HE-Bw orally
at0, 1, 3, 6, and 24 h after CLP operation. Blood samples were
obtained from the portal vein. 0.5 ml of blood samples were
transferred into laboratory tubes containing pre-autoclaved
nutrient broth medium (Sigma-Aldrich, Germany) and put in
an incubator at 37°C. The remaining blood samples decanted
gently into collection plastic tubes, centrifuged at 3000 rpm for
5 min. Then, serum was obtained, aliquoted into microtubes,
and stored at —20°C for biochemical analysis.

Later, mice were anesthetized by intraperitoneal ketamine
(60 mg/kg b.w) and xylazine (10 mg/kg b.w). Then, the
abdominal region of animals was shaved and sterilized
by betadine. The cecum was exposed through a midline
abdominal incision and ligated (50 %) with 3/0 silk suture
then punctured with a sterile 18-gauge needle. The cecum
was gently squeezed, and after a drop of cecal contents
was discharged, and the cecum was repositioned into the
abdominal cavity. The abdominal wall and skin were closed
with 3/0 silk suture. After the surgery, mice received 3 ml
warm 0.9% normal saline subcutaneously (s.c) for fluid
resuscitation. After mice recovered from anesthesia, they had
free access to food and water.

Animal survival rate

In addition to monitoring the animals for three days, animals’
survival rate was reported after 72 h.!2¢!

Hemodynamic parameters

For measurements of hemodynamic parameters such as arterial
blood pressure (ABP), mean ABP (MAP), developed pressure
(DP), and heart rate (HR), a polyethylene cannula connected
to a pressure transducer that prefilled with heparinized normal
saline solution was cannulated into the right common carotid
artery.26!

MPO measurement

The activity of MPO,'*”! an abundant enzyme of neutrophils,
was assessed as previously described by the Xiao group with
minor modification. Briefly, 1 ml of the serum was mixed
with 1 mg of hexadecyltrimethylammonium bromide. Then,
sonicated for 5 min and centrifuged at 3000 rpm for 10 min
at 4°C. 0.1 ml of supernatant was mixed with 2.9 ml of
50 mM phosphate buffer (pH 6.0), containing 0.167 mg/ml
O-dianisidine dihydrochloride, and 1% hydrogen peroxide.
Then, the mixture was incubated for 5 min at room temperature.
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Figure 1: HPTLC chromatogram of hydroalcoholic extract of B. weigelii

After adding 0.1 ml of 1.2 M HCI, the change in absorbance
was measured at 460 nm using a spectrophotometer.

PCT test

PCT test was measured using immunofluorescence assay.?®!
100 uL of serum sample was placed in PCT fast test kit and
measured using a quantitative immunofluorescence analyzer
(Getein 1100, Getein Biotechnology Co., Ltd., China).

RESULTS

Phytochemical analysis

The preliminary phytochemical screening of HE-Bw possesses
alkaloids, terpenoids, flavonoids, phenolics, and tannins,
among the tested class of compounds. Besides, coumarins,
phenanthrenes, anthraquinones, bibenzyls, fluorenones,
saponins, and cardiac glycosides were found to be absent in
the extract.

The HPTLC analysis was evaluated for the progress of
the fingerprinting profile of HE-Bw, which was illustrated in
Figure 1a and b. The HPTLC chromatogram recorded three
unknown substances of peak 1, 2 and 3, with R, values —0.04,
—0.01 and 0.37, respectively, with a percentage area of about
16.67, 54.43 and 28.82%, respectively [Figure 1].

In addition, the total phenolic content was ascertained via
the absorbance of HE-Bw and the equation obtained from the
standard curve of gallic acid through the Folin-Ciocalteu method.
Consequently, the total phenolic value for HE-Bw was equivalent
to 211.6 + 0.8 mg of gallic acid per 100 g of dried plant material.

Acute oral toxicity (OECD main test 425)

HE-Bw was non-toxic up to 2000 mg/kg B.W. of tested mice.
There were no significant changes that occurred in the
pattern of behavior of the tested animals. No mortality was
noted for 14 days. These results present that the extract was
non-toxic up to 2000 mg/kg b.w, and the low (1/20") and
high (1/10%) dosage was fixed as 100 and 200 mg/kg b.w,
respectively.

Table 1: Antibacterial screening test of HE-Bw

Sample Zone of inhibition (mm)*
Gram-positive Gram-negative
B. subtilis  S. aureus  E. coli S. typhi
HE-Bw 21.0+0.2 20.8+0.1 20.0+0.1 22.5%+0.1
Streptomycin 24.5%0.1 21.3x0.1 19.8+0.1 25.4%+0.1

*mean=SD values (n=3), S. aureus: Staphylococcus aureus, E. coli:
Escherichia coli, B. subtilis: Bacillus subtilis, S. typhi: Salmonella typhi, HE-Bw:
Hydroalcoholic extract of Bryum weigelii

Antibacterial activity

The in vitro antimicrobial activity of HE-Bw revealed that it
has antibacterial activity against both gram-positive bacteria
(S. aureus and B. subtilis), and gram-negative bacteria (S. typhi
and E. coli). As shown in Table 1, HE-Bw was as potent as
streptomycin against S. aureus and E. coli and showed the
same inhibitory effect.

Hemodynamic responses

It was observed that the MAP was significantly decreased from
128.5 = 3.5 mm of Hg in the normal control group to 57.0
+ 3.0 mm of Hg in the CLP group (P < 0.05). There was a
significant increase (P < 0.05) in the MAP of mice treated
with HE-Bw at 100 and 200 mg/kg b.w to 90.7 *= 5.3 and
108.7 = 3.3 mm of Hg. It was found that ABP from 148.0 +
4.0 mm of Hg in the normal control group decreased to 83.3
+ 6.7 mm of Hg (P < 0.001) in the CLP group. Treatment
with HE-Bw at 100 and 200 mg/kg b.w increased the ABP
(P < 0.001) significantly. DP decreased, and HR increased
significantly (P < 0.05) in the CLP group, and HE-Bw treated
groups showed no significant change [Table 2].

Optical density (OD) of blood at 600 nm

As shown in Figure 2a, the OD of blood significantly (P < 0.01)
increased in the CLP group compared with the normal control
group. On the other hand, the administration of HE-Bw (at both
doses) to the septic mice significantly (P < 0.05) decreased OD
in the blood of animals compared with the CLP group.
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Table 2: Effects of hydroalcoholic extract of B. weigelii (HE-Bw) on hemodynamic parameters in CLP-induced sepsis after 72 h

Sample Hemodynamic parameters (mm of Hg)*

Mean arterial pressure Arterial blood pressure Heart rate Developed pressure
Normal Control 128.5+3.5 148.0+4.0 209.3+6.7 40.3x1.7
CLP 57.0+3.0* 83.3%+6.7° 246.5+5.5 21.0%3.0*
HE-Bw-100 90.7+5.3¢ 113.5%6.54 222.3+5.7 28.0+2.0
HE-Bw-200 108.7+3.34 125.5+4.5¢ 206.0+4.0 32.5%3.5

*mean+SEM values (n=6); one-way ANOVA with Student-Newman-Keuls post hoc test was used for wise pair comparison where *P<0.05, °P<0.001 versus
normal control group; P<0.05, P<0.001 compared with CLP group. HE-Bw-100: hydroalcoholic extract of B. weigelii at 100 mg/kg body weight;
HE-Bw-200: hydroalcoholic extract of B. weigelii 200 mg/kg body weight

HE-Bw-200 HE-Bw-200

HE-Bw-100

CLP-induced CLP-induced

Normal Control Normal Control 4 Normal Control

0.0 0.2 0.4 0.6 0.8 Q S Q © N

% J

Serum PCT levels (ng/mL)

Optical Denisty (600 nm) E Serum MPO activity (U/L) .
3 i ¢

Figure 2: Effect of hydroalcoholic extract of Bryum weigelii (HE-Bw) on (a) optical density at 600 nm (b) myeloperoxidase activity (c) procalcitonin
levels. Values are mean=SEM (n = 6). *P < 0.05, as compared with the normal control group; ** P < 0.01, as compared with cecal ligation and
puncture group using one-way ANOVA with Student-Newman-Keuls post hoc test. HE-Bw-100: hydroalcoholic extract of B. weigelii at 100 mg/kg
body weight; HE-Bw-200: hydroalcoholic extract of B. weigelii 200 mg/kg body weight

Serum MPO activity 1009 mC - - o
~ Tl TS =o~ Normal Control

Animals in the CLP group showed a significant (P < 0.05) 80- \\ I Y . op
increase in MPO activity than the normal control group. The 9 i\ I k- HE-Bw-100
treatment of mice with HE-Bw (at both doses) decreased = 604 \\\ ¥~ HE-Bw-200
markedly (P < 0.01) the enzyme activity compared with the E i‘\\
CLP group [Figure 2b]. 2 40- T

5
PCT test 20
CPT treated animals displayed a significant (P < 0.05) increase 0 . . . .
in serum PCT levels, compared to normal control group S N o o
[Figure 2c]. At both doses, HE-Bw treated animals markedly v > "

reduced (P < 0.05) the serum PCT levels compared with the

Figure 3: Effect of hydroalcoholic extract of Bryum weigelii (HE-Bw)
CLP group [Figure 2b].

on survival rate after 72 h (n = 6). * P < 0.05, as compared with the
normal control group using one-way ANOVA with Student-Newman-
Keuls post hoc test. HE-Bw-100: hydroalcoholic extract of B. weigelii
at 100 mg/kg body weight; HE-Bw-200: hydroalcoholic extract of
B. weigelii 200 mg/kg body weight

Survival rate

To examine the effects of HE-Bw on survival rates, animals
were monitored for 72 h after CLP surgery. There was no death
of mice in the normal control group after 72 h, and the survival rate
rate was 100.0 = 0.0%. At 72 h, the survival rate decreased in
the CLP group to 40.50 * 3.67% compared with the normal
control group. Treatment of septic mice with HE-Bw with
doses of 100 and 200 mg/kg b.w increased the survival rate to
68.84 + 5.34% and 86.50 * 3.50%, respectively, compared to
the CLP group at 72 h [Figure 3].

in mice with polymicrobial sepsis. Preliminary
phytochemical screening showed that HE-Bw contains
alkaloids, terpenoids, flavonoids, phenolics, and tannins.
Furthermore, a good amount of total phenolic content was
observed in HE-Bw.

Our results showed that HE-Bw has antibacterial activity
against E. coli and S. aureus [Table 1], which might be related
to its phytochemical contents because the antibacterial
activities of many alkaloids, flavonoids, and phenolics have
been reported by several studies.?*3! As these bacteria are

DISCUSSION

In the present study, we showed that HE-Bw improved
hemodynamic parameters and MPO activity with potent

antibacterial activity. In addition, HE-Bw unexpectedly
decreased the inflammatory response and mortality

the predominant cause of sepsis, this edible moss can have
beneficial effects against sepsis.
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As mentioned, sepsis causes cardiac and endothelial
dysfunction by increasing vascular permeability, promoting
activation of the coagulation cascade, tissue edema, and
compromising regional perfusion in vital organs. Hemodynamic
parameters and serum endotoxin to septic shock are two key
determinants of sepsis survival. Amelioration of hemodynamics
can relieve the severity of organ dysfunction in sepsis
rats.!>%? The hemodynamic monitoring in this study showed
attenuation of hemodynamic parameters in the CLP group.
This event can lead to misbalancing in tissues oxygen supply/
demand and accelerates the process of septic shock. For this
reason, apart from antibiotic therapy, hemodynamic stability
is essential in the management of sepsis.[®! Administration of
HE-Bw to septic mice increased mean arterial and mean blood
pressure [Table 2]. Furthermore, at both doses, the OD in the
blood of septic mice significantly decreased by the HE-Bw
administration compared with the CLP group [Figure 2],
which justifies the growth control of microbial infection in the
blood.!

On the other hand, MPO is the most abundant
proinflammatory enzyme stored in the azurophilic granules
of neutrophilic granulocytes and is a marker of inflammation
initiation in plasma. Thus, increased MPO activity indicates the
onset of the inflammatory response and neutrophil infiltration
due to the induction of microbial sepsis.’?”’ While PCT is a
promising biomarker for the prediction of bacteremia.?®!

Our results showed that MPO activity and PCT levels
increased in the serum of animals with CLP-induced poly-
microbial sepsis compared to normal animals. Administration
of HE-Bw decreased MPO activity and serum PCT levels,
which showed the control of the proinflammatory effect and
bacteremia levels, respectively, of B. weigelii when compared
to the CLP group [Figure 2b]. However, the evidence related
to the proinflammatory activities and bacteremia levels of
B. weigelii is low.

The present study also demonstrated a reduction in
survival rate in CLP-induced sepsis in mice [Figure 3]. The
reason for high mortality rates in sepsis is the occurrence of
a severe injury from CLP-induced sepsis. However, a great
improvement in the survival rate of HE-Bw treated groups was
noticed in our study. Taken together, the potential mechanism
may be an antimicrobial effect of HE-Bw and its ability to
neutralize the local and systemic levels of wide-spectrum
inflammatory mediators in the serum of sepsis animals.
Therefore, the administration of medications-extracted from
B. weigelii might be useful for the treatment of sepsis.

CONCLUSIONS

To conclude, the present study results are the first report of
moss B. weigelii, as a good source in the treatment of CLP-
induced sepsis in mice. The key phytochemicals responsible for
this activity claimed to be alkaloids, flavonoids, polyphenols,
and tannins. The results provide evidence that supports the
traditional uses of B. weigelii. Also, these findings suggest
that moss B. weigelii can take an account as a good natural
source of remedial medicine for sepsis. Hence, the current
study results remain useful for further research to identify the
potential bioactive molecules from B. weigelii.
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