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- INoucED AcuTe LUNG INJURY IN RATS

Shaimaa H Negm*  Hany Gaber EI-Masry”  Alaa O Aboraya”

Abstract:

The objective of this study was to assess the tefdécAlpinia
officinarum aqueous extract (AOAex) on Lipopolydaacde (LPS)-
induced ALI. 50 adult albino male rats Sprague-awstrain weighting
(180410 g) were divided randomly into two groupssEmain group 9 rats
received a baseline diet served as negative cogtmip. Second main
group 41 rats, LPS were injected at a dose of SBgrigto the rats to cause
ALI, after that 5 rats from LPS groups were slaegbd to confirm ALI.
Then, rats reclassified into 4 equal grog@sats each) as following: Group
1 served as the control positive group and 3 tdeategroups were fed basal
diets and given oral doses of AOAex (100, 150, 20@ mg/kg) for 28 day.
The results revealed that in the all rat groupatée by different levels of
AOAex, pro-inflammatory cytokines (ILfl IL-6, IL-10, TNFw) and
oxidative stress decreased. Also, neutrophil nafiibn, lymphocytes,
monocytes and IgE level reduced. Correspondinglgmatological
parameters (Hb, HCT, RBCs, WBCs) and antioxidaayeres (SOD, CAT,
GSH and GPX) were improved dramatically in seruongl tissues and
bronchoalveolar lavage fluid. Additionally, there eme significant
improvements in the histological examination of Altbught on by LPS. It
can be recommend that the consumption of AlpinigcioBrum agqueous
extract (AOAex) have antioxidant and anti-inflamorgt effects and that
play significant safer role from treatment of aclutieg injury and inhibit of
inflammatory and complications in rats.

Keywords: Alpinia officinarum, acute respiratory distress
syndrome, pulmonary fibrosis, proinflammatory cytokines,
lipopolysaccharide, rats.
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I ntroduction

Acute lung injury (ALI) is a serious condition Wwia multifactorial
pathophysiology that is primarily characterised dbhysregulation of the
inflammatory response, disruption of the pulmonamydothelium and
epithelial barriers(Cen et al., 2021) Globally, ALI is a life-threatening
disease and a complex disease that is closelylam@mdewith inflammatory
processes and immunological respor{&eski et al., 2021)

Lipopolysaccharide (LPS) is the primary contributo Gram-
negative bacterial infections which appear to be thain cause of ALI,
which happens 4-48 h after pathogen expof@ebarin et al., 2021) LPS
are also known as endotoxins and it is a criticmhgonent of the bacterial
outer membrane that can cause acute lung injuryobgrproducing
numerous pro-inflammatory cytokines and accelegatell infiltration in
lung tissues. This is accompanied by acute hyporéspiratory
insufficiency, interstitial or alveolar oedema, atiffuse pulmonary edoema
(Li et al., 2021) As a result, novel treatments that are very &ffecand
safe are required to improve ALI, such as the dis&tural plants.

Alpinia officinarum Hance A. officinarum) lesser galangal is a
crucial member of the Zingiberaceae fan(iBabooet al., 2014) Galangal
rhizome resembles ginger in appearance and flagodrgrows in Asian
countries(Akbar, 2020). The rhizomes aoA. officinarum are widely used as
a food ingredienand herbal medicine. It has been used in drinkspfirs,
spices, drinkgLim, 2016). A. officinarum represent an invaluable natural
source of many bioactive components. It is knowrexbibit a beneficial
effect for anti-inflammatory and anti-oxidar(troo et al., 2021) A.
officinarum extract was an effective treatment for particutatdter-induced
lung injury in mice, through reversing cell memlgatamage, decreasing
oxidative stress, and inflammatigdhao et al., 2019) The common cold,
bronchial catarrh, throat infections, viral disaglenflammation , microbial
infection are just a few of the conditions that thzome is frequently used
to treat (Jantan et al., 2023) Therefore, this study was carried out to
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evaluate the possible effects Afpinia officinarum aqueous extract on
against acute lung injury in rats by lipopolysacata

Material and method

Material

e« Chemicals Basal diet, Casein, cellulose, vitamins and nalser
were purchased from the General Company for Conmemercd
Chemicals, Cairo, Egypt.

» Kits for determination of all hematological, antioxitlggarameters,
Lipopolysaccharide (LPS)Eé&cherichia coli) and cytokines from
enzyme-linked immunosorbent assay (ELISA) were Ipased from
Sigma-Aldrich for use in analysis.

* Plant: Rhizomes ofA. officinarum were purchased from a market
for herbs in Port Said, Egypt.

* Animals: 50 Sprague-Dawley albino rats weighing (180+10gjewe
purchased from the National Organisation for Drumgl a&ontrol
Research in Giza, Egypt.

Method

Preparation of A. officinarum Aqueous extract (AOAex):Fresh rhizomes
were rinsed under the tap to remove the soil ahdigieThe rhizomes were
subsequently cut into slices, baked in an overO&tC} and ground for 10
min to create a fine powder. Driéd officinarum (1 kg) was extracted in 10
L (1/10, wiv) (g/mL) of distilled water under cinciluence for 3h at 100 +
2 °C and its filtration (53 pm mesh) to constit@@), 150 and 200 mg/kg
doses of AGhen its kept at -20 °C until further uégonget al., 2021)

Chemical analysis

A. officinarum was examined using conventional techniques for
moisture, protein, fat, ash, and crude fibre adogrdo AOAC, (2010) By
using the differential, total carbohydrates wermpated.

Total phenolic content (TPC)

The Folin-Ciocalteu technique was used to deterrthireT PC using
common gallic aciqEl-shiekh et al., 2019)
C 5 )
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Total flavonoids content(TFC)

The total flavonoid content was found utilising angentional
qguercetin aluminium chloride colorimetric techniq@€hatatikun and
Chiabchalard, 2013).

Determination of DPPH radical scavenging activity

Methanol solution of DPPH was used as a reagent ther
spectrophotometric assay with slightly modifica@¢Mensor et al., 2001)
Percent inhibition was calculated using the follogviexpressior{Singh et
al., 2008)

% Inhibition = A pank— A sample/ A plank) X 100
Biological Experiment

50 male rats (180+10g bw) were fed on a basal fdiet7 days.
According toReevest al., (1993) the basal diet (AIN-93M) was created to
provide rats with the suggested amounts of nusient

Ethical approval: The study received approval from the research ®thic
committee of the nursing faculty of Port Said Umsiy, code number:
NUR (7-5-2023) (25).

After acclimatization, rats were randomly divideda two groups:
First main group 9 rats received a baseline dieteseas negative control
group. Second main group 41 rats, Lipopolysacchaflid’S) was injected
at a dose of 50 mg/kg to cause ALI accordingae et al., (2019) Plasma
and lung tissues were collected for the purposanalyzing inflammatory
cytokines 24 h after the LPS injection, 5 rats fraiAS groups were
slaughtered to confirm ALI. Then, rats reclassifiatb 4 equal groups (9
rats each) as following: Group 1 was supplied dhby basal diet as (LPS)
rats positive control, and the three other groupsevied standard diets and
given oral doses of AOAex (100, 150, and 200 mg/keggpectively for 28
day.

After the experiment was completed, blood sampias fthe orbital
plexus were collected and centrifuged at 3000 mprextract the sera, which
were then stored in a deep freezer at -80°C umgyl tvere analyses.

{ 6 )
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Biological Evaluation

The amount of food intake (FI) was recorded daiile rat's
weight was measured once a week to identify bodightegain. Body
weight gain (BWG%) and feed efficiency ratio (FEfJculate according to
Chapmanet al., (1959)using the following equation:

Final body weight — Initial body weight

BWG% = x 100
° Initial body weight

weight Gain (g)

FER =

Feed intake (g)
Collection of Bronchoalveolar Lavage Fluid (BALF)

Rats were euthanized and their thoraxes were dpehieen, a
cannula was placed into the trachea, and the higigt lobe was rinsed five
times with 1 mL of saline each time. The obtainBAIl(F) was centrifuged
for 10 minutes at 4°C at 2500 rpm to separate siapants(Dikmen et al.,
2021) Protein analysis in the acquired supernatants pesformed using
the bicinchoninic acid (BCA) tegRedinbaugh and Turley, 1986) The
counts of neutrophils, lymphocytes, and monocytesewperformed in
accordance with the literatu(8aadatet al., 2019)

Measurement of lung water content

After the rats were anaesthetized, the right lobgs were extracted
and weighed to determine moist weight. The sansei¢is were then placed
in an incubator at 60°C for 72 h and their dry vissgwere determined. The
lung wet-to-dry (W/D) weight ratio was calculatedcarding to Su et
al.,(2023)the following formula.

wet lung weight dry lung weight

Lung water content X 100

wet lung weight
Biochemical analysis:

Haemoglobin (Hb) and Hematocrite (Hct) were measuaepending
on the method oBain et al., (2016) Red blood cells (RBCs) and white
blood cells (WBCs) were measured depending on #kod ofFischbach,

R
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(2015) For assessing lipid peroxidation, the plasma Ilevd
Malondialdehyde (MDA) was determined according Dyaper and
Hadley, (1990) Superoxide dismutase (SOD) activity was assessed
according taSpitz and Oberley, (1989) Catalase (CAT) was measured by
Aebi, (1984),serum glutathione (GSH) levels and Glutathioneoyidiase
(GPx) were measured methods blabig et al., (1974) andMoin, (1986)
respectively.The ELISA kit (Bioassay Technology Laboratory (B&H))
was used to measuserum cytokines such as interleukin (Ig-1L-6, IL-
10) and tumor necrotic factor{TNF-u) levels in tissue, serum, and BALF
according toDikmen et al., (2021)Serum immunoglobulin E (IgE) levels
were measured accordingKanm et al., (2002)

Histopathological analysis

The lung tissue was perforated with and fixed inmfalin solution
and embedded in paraffin. Hematoxylin and eosin Ej&tained lung
slices (4m thick) were seen under a microscopecé éMicrosystems,
Germany) at 100X and 200X magnificatiqiNagaraju et al., 2022)

Statistical analysis

Results were provided as mean = Standard Erroy. (Bie SPSS
programme was used to statistically analyse thea desing one-way
ANOVA and post hoc multiple comparisonSnedecor and Cochron,
1989)

Results and Discussion

Table (1) displayed the chemical compositharofficinarum powder
which found AO had higher content of carbohydrateyde fiber and
moisture (59.94, 17.27 and 11.76) respectively. elmwy, moderate
amounts of crude protein lower in fat and ash ve&rserved (5.56, 2.23 and
3.24) respectively. These results agreement Nggm andRagheb, (2019)
and Alasmary et al., (2019) observed carbohydrate had the largest
percentage of active ingredients seen, wheredsaththe lowest percentage
(2.79), and protein had the highest percentagd ®flother constituents.

{ 8 )
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Table (1): Chemical composition of A. officinarum powder (g/100 g
dried).

Nutrients Crude Crude Ash Carb. Moisture Crude
Protein Fat Fiber
A. officinarum 5.56 2.23 3.24 59.94 11.76 17.21

Tabulated data in table (2) presented the meareva@urPC, TFC
and antioxidant (46.51+ 0.40 mg/GAE100g, 30.97+18§QE100g and
3.05+0.26%), respectively. These results supparsdhof Elspeiy et al.,
(2022); Eid et al., (2022)and Li et al., (2021)reported tha#. officinarum
contains more bioactive substances, including fiaias, phenolic acids,
and alkaloids, as well as flavones like galangjaercetin, curcuminand
kaempferol, which are believed to have antioxidaffiects, an anti-
inflammatory, and promote health benefits.

Table (2): Total phenol, Flavonoid contents and Anbxidant activity of

AOAex.
=
Sample
Alpinia officinarum
Parameters
Total phenols* (GAE/g extract) 46.51 £ 0.40
Total flavonoids* (QE/g extract) 30.97+1.85
Antioxidant activity** (DPPH %) 3.0510.26

* Values are presented as mean SD. GAE: gallit eguivalent;
QE: quercitin equivalent. ** Expressed as Ascodm equivalent.

Results in table (3) discovered that LPS groups &agignificant
decrease in IBW, FBW, Fl, BWG% and FER when congoarito negative
control rats. LPS observes that ALI caused lossppletites may be brought
on by an increase in oxidative stress and profmif@tory cytokines.
Whereas, oral administration aqueous extrach.obfficinarum (100, 150
and 200 mg/kg) caused a significant increase in |BBW, Fl, BWG% and
FER when in comparison to LPS group, may be assaltref AO anti-
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inflammatory and antioxidant properties. These ltesare consistent with
Pirzadehet al., (2021)showed that 100 and 300 mg/kg doses of AO extract
administration significantly increased animal boadsgight compared to
control groups. SimilarHeidari et al., (2021)observed that AO (200 and
500 mg kg") significantly raised body weight in contrast teetdiabetes
control group, due to the antioxidant potentialhef compound.

Table (3): Effect of A. officinarum aqueous extract (AOAex) on
BWG%, Fl and FER for LPS induced acute lung injury.

IBW FBW BWG Fl FER
(9) (9) % (g/day)
Control (-ve) 189.03+1.62 | 215.20+1.60 | 13.84+1.13 | 16.00 | 0.058+0.05
LPS 181.82+41.73 | 173.19+1.44 | -4.75+1.86 | 10.00 | -0.031+0.07
AOAex 100 mg/kg | 184.05+1.FP3 | 186.64+2.62 | 1.41+1.68 | 12.00 | 0.008+0.06
AOAex 150 mg/kg | 187.65+1.74 | 197.76+2.41 | 5.39+1.06 | 15.00 | 0.024+0.07
AOAex 200 mg/kg | 188.44+0.60 | 202.54+3.5% | 7.48+0.58 | 14.00 0.03620.03

Initial body weight (IBW), Final body weight (FBWBody weight
gain (BWG %), food intake (FI) and feed efficieneyio (FER). Results are
expressed as mean = SE. Values in each column \biah different letters
are significantly different at (9.05).

Results in table (4) observed that the lung W/Diorawvas
significantly increased in lung weight and totabtein by the LPS group
compared to negative control group. These restdt€@nsistent witlsadiq
and Zalzala, (2021) and St al., (2023)showed that administering LPS to
rats results in a significant rise in the wet/dayia when comparison to the
negative control group. Conversely, oral aqueousaekof AO (100, 150,
and 200 mg/kg) dramatically reduces lung edemaH6-induced ALl and
causes a considerable drop in lung weight when eoisgn to the positive
control group, due to its anti-inflammatory andiexidant effects. It does
not show any statistical significance among botbugs of AO at doses

{ 10 )
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(150 and 200 mg/ kg)Furthermore, the amount of BALF protein
concentration rose in the current study with theiadstration of LPS and

then reverted to normal levels with the adminigtrabf AO. These findings

are in line withLee et al., (2019) and Dikmenet al., (2021)observed that

there was a significant increase in total protdirthe LPS group-induced

ALI compared to the negative control group. Onéhef signs of pulmonary

edoema and inflammation is an increase in the BAtdtein concentration

brought on by protein extravasatifviiller et al., 2014)

Table (4): Effect of A. officinarum aqueous extract (AOAex) on lung
weigh and total protein in BALF for LPS induced acue lung injury.

Para Lung weight Total Protein
Groups (9) (mg/ml)
Control (-ve) 1.05+0.07 0.05+0.04
LPS 2.78+0.14 0.83+0.1%
AOAex 100 mg/kg 1.87+0.18 0.42+0.16
AOAex 150 mg/kg 1.61+0.08° 0.34+0.16
AOAex 200 mg/kg 1.23+0.16° 0.23+0.09

Results are expressed as mean + SE.
Values in each column which have different letmes significantly different at §9.05).

The results in table (5) observed that there wsigrificant reduced
(p<0.05) of hematological parameters (Hb, HCT, RBCBGY) in the
group receiving LPS comparison with negative groupS are the finest
option to cause immune system diseases and thaminfatory process in
rats(Li and Zou, 2020)WBCs are an indicator of the health of the immune
system and the measurement of high WBC counts riphgzal blood is a
common way for determining an infection or inflantroa (Kany et al.,
2019) The abnormal changes in the blood indices thditently affect feed
and water intake and weight loss may be the catidbeosurge in pro-

C 11 )
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inflammatory cytokines and increased oxidative sstrecausing fast
catabolism and lethardyanitha et al., 2022)

Conversely, the treated groups showed a significargrsal in their values,
which, when rats were given an oral dose of an aggiextract of AOAex
along with LPS, haematological measures signifigainicreased (0.05)

in comparison to LPS group. The groups treated whth AOAex seem
normal levels in hematological parameters (Hb, HGBCs, WBCS)
compared to control negative in a dose dependenhnema The
haemoprotective impact of AO may result from ineesh free radical
scavenging activity, antioxidant capabilities, arahti-inflammatory
efficiency(Li et al., 2021)

Our findings are supported Mbbas et al., (2023)indicated that
mice given galangin at a dose of 80 mg kg-1 bodygeexperienced
changes in the median characteristics of haematalomeasures. Similar,
Elspeiy et al., (2022)discovered thaflpinia galanga administration may
improve the blood parameters, immunity, and oxigaticondition.
Rajendiran et al., (2018)observed that rats treated with hexane extract of
A. officinarum (HEAO) had significantly increased in the level$ o
haematological markers (Hb, HCT and RBC). This destrates that the
rats treated with HEAO did not exhibit any symptomhganemia.

Table (5): Effect of A. officinarum aqueous extract (AOAex) on some
hematological parameters in BALF for LPS induced aate lung injury.

Par ers Hb HCT RBCs WBCs
Groups (g/dl) (%) (10°/puL) (10%pL)
Control (-ve) 15.98+0.72 | 46.25+0.04 5.46+0.158 12.47+0.03
LPS 8.87+0.78 21.49+0.21 3.11+0.04 7.91+0.08
AOAex 100 mg/kg 11.60+0.68 | 36.36+0.14 4.50+0.57 9.35+0.08
AOAex 150 mg/kg 13.18+0.48 | 41.50+0.18 4.89+0.48 10.76+0.08
AOAex 200 mg/kg 14.45+0.44 | 45.73+0.09 5.25+0.76 11.87+0.04

C12)
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Hemoglobin (Hb), Hematocrit (HCT), red blood ceREC), and white
blood cells (WBCs). Results are expressed as me8k.¥alues in each
column which have different letters are signifidptifferent at (R0.05).

The findings in table (6) showed that the LPS grbag considerably higher
neutrophil, lymphocyte, and monocyte counts thandbntrol group. After
4-48 hours after LPS treatment, a crucial indicatiothe later stage acute
lung inflammation is the progressive concentratimin neutrophils and
lymphocytes in BALHTrivedi et al., 2020) The buildup of leukocytes is a
major factor in the deterioration of the lungs avatsening of ALI(Kellner

et al., 2017) Our findings are consistent withadiq and Zalzala, (2021)
observed that a considerable increase in neutophil lymphocytes in the
LPS model group at a dosage of 50 mg/kg in comparis healthy group.

Conversely, oral administration of AO (100, 150 @D mg/kg)
demonstrated a substantial decrease in the sefftemedtial cell percentage
of neutrophils, lymphocytes, and monocytes in caispa to LPS group.
There was significant difference in serum differantcell percentage
(neutrophils and monocytes), with the exceptiotheflymphocyte findings
did not differ among all groups treated with AOtelrestingly, we found
that AO extract significantly reduces neutrophtrcetment and activity as
measured by an increase in WBC relative to the §R8p. These findings
are consistent witiNi et al., (2022) demonstrated that treatment with a
water-soluble polysaccharide (AOHP) obtained frAnofficinarum greatly
decreased lymphocyte proliferation. Als®ajendiran et al., (2018)
observed that hexane extractAfofficinarum (HEAO) was successful in
lowering lymphocyte, neutrophil levels and raisimgmatocrit levels, both
of which indicated its antioxidant properties.
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Table (6) Effect of A. officinarum aqueous extract (AOAex) on
differential cell percentage in BALF for LPS induced acute lung injury.

Para rs Neutrophils Lymphocyte Monocytes
Groups % % %

Control (-ve) 3.94+0.04 75.82+0.82 2.90+0.36
LPS 8.80+0.03 90.66+0.52 7.83+0.33
AOAex 100 mg/kg 5.76+0.07 84.70+0.93 5.14+0.2%
AOAex 150 mg/kg 4.33+0.05 80.54+1.02 4.78+0.24
AOAex 200 mg/kg 2.87+0.02 75.24+0.9¢° 3.80+0.41

Results are expressed as mean * SE.
Values in each column which have different letemes significantly different at (0.05).

As shown in table (7) the results indicate thate¢heas a significant
reduction (g£0.05) of serum parameters (SOD, CAT, GSH and GRX)ab
significant increasing MDA in the group receiving®® comparison with
negative group, this has the potential to comprentsg immunological
function. Inflammation and oxidative stress areoggised to play important
roles of lung injury(Kim et al., 2018)These outcomes are in line with
Zhang et al., (2019)demonstrated that levels of CAT, SOD, and GSH were
found to be inversely connected with LPS-inducedtadung damage,
while levels of MDA were found to be positively celated. Likewise,
Dikmen et al., (2021)found that MDA levels increase while antioxidant
activity decrease in LPS-induced ALI. All of thesadies confirm and
support our results.

On the other hand, the findings of our study intidathat different
levels (100, 150, and 200) mg/kg of AOAex providagh protection
against oxidative damage, as (SOD, GSH, GPX) learts CAT activity
significantly increased @®.05) while MDA significantly reduced £9.05)
in all the protected groups in comparison to LP8upgr The outcomes
indicated that oral administration @& officinarum considerably reduced
oxidative stress brought on by LPS. It is posstbl¢he conclusion that the
antioxidant properties of. officinarum, which contains substances like
polyphenols and flavonoids that scavenge reactixggen species, are

{ 14 )
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responsible for the significant modulation of artttant enzymes and
oxidative stress. Many studies in this field showbkd effectiveness of
extracts of this plant against oxidative streKfashan et al., (2023)

suggests thaf. officinarum extract is helpful in mitigating the negative
consequences of elevated oxidative stress, whigereed to increase in
CAT activity and GSH levels in the protected grolipese outcomes are in

line with Elspeiy et al., (2022)showed that using. officinarum galanga
supplements significantly increased CAT, GSH, afDSevels compared
to the control group. SimilarlyBebars et al., (2021)demonstrated tha.
officinarum rhizome extract decreased oxidative stress in ftmen of

increased SOD

level

and decreased MDA level.

LikewiZzhao et

al.,(2019) found that oxidative stress markers were dramlgticaeduced
while, increased SOD levels after mice were adrirengsl with AO extract.

Table (7): Effect of A. officinarum aqueous extract (AOAex) on
antioxidant enzymes and oxidative stress in lung tissues for LPS

induced acute lung injury.

Parameters MDA SOD CAT GSH GPX
Groups (nmol/ml) (U/L) (U/L) (U/L) (U/L)
Control (-ve) 185.70+3.50 | 16.42+0.82 | 6.50+0.08 | 22.42+1.73 | 18.50+0.50
LPS 310.346.30 | 8.33+0.59 | 3.06+0.08 | 12.73+0.98 | 9.40+0.36
AOAex 100 mg/kg | 225.81+1.40 | 12.42+0.93 | 4.5240.02 | 16.72+0.98 | 13.96+0.02
AOAex 150 mg/kg | 205.54+1.20 | 14.63+1.02 | 5.43+0.07 | 19.64+1.08 | 14.93+0.2%
AOAex 200 mg/kg | 190.32+0.660 | 15.90+0.90 | 6.13+0.02 | 21.70+1.28 | 17.300.12

Malondialdehyde (MDA), Superoxide dismutase (SOBDptalase (CAT), Glutathione
(GSH) and Glutathione peroxidase (GPx). Resultseapressed as mean + SElues in

each column which have different letters are sigaiftly different at (R0.05).

As shown in table (8) results showed that LPS S&iamtly
increased in serum proinflammatory cytokines ([,-IL-6, 1L-10, TNF-)
and IgE in lung tissue comparison with negative contgobup. These
results are consistent witBadiq and Zalzala (2021) andShokry et al.,
(2022) found thatproinflammatory cytokines increased by LPS treatmen
Similar, Lee et al., (2019)observed that LPS stimulates macrophages to

{ 15 )
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secrete proinflammatory cytokines and activatesitiammatory cascade
by increasing the migration and infiltration of imne cells involved in

inflammation, and increases in proinflammatory &ytes are thought to
play a role in the pathophysiology of ALI aratute respiratory distress
syndrome (ARDS).

Conversely, oral of aqueous extract Af officinarum a doses of
(100,150 and 200mg/kg) had a significant reduction these pro-
inflammatory cytokines and IgE as compared with Lg?8up, indicating
that AO has anti-inflammatory effect against ALIheT findings revealed
that the rat group given AO orally once a day dbse of 200 mg/kg had the
lowest level of cytokines and was nearly as headthythe control group.
These findings are in line withi et al., (2021)observed thaf.offcinarum
extract (AOE) and its primary bioactive componewesre found to have
anti-inflammatory effects on LPS-induced inflamroati As a result,
inhibiting these pro inflammatory chemokines maguee the inflammatory
response, as evidenced by histological investigathd et al., (2022)
showed that AOHP significantly improved IL-6. Likesg, Song et al.,
(2021) observed that oral administration of AOWex dracsly lowered
these serum proinflammatory such as Té&yFbecause AOWex contains
galangin, protocatechuic acid, and epicatechin wdiszovered to be
promising anti-inflammatory compounds. Furthermdri et al., (2020)
demonstrated that treatment with total flavonoidewed from the rhizomes
of A. officinarum reduced high levels of proinflammatory cytokinéds 13,
IL-6 and TNFe) in gastric tissue. SimilarlyZhao et al., (2019)observed
that IL-6 and TNFe were down-regulated obviously b4. officinarum
extracts could potentially be attributable to mgi@xidant action, which was
validated in our study.

Regarding the level of IgElantan et al., (2023)demonstrated that
the effects ofA. officinarum on the immune system, particularly through
inflammation-related signalling pathways. SimilaiNi et al., (2022)found
that the mice innate immune state was improvedhleyapy with a water-
soluble polysaccharide derived frafn officinarum, and no evident harm

was seenSonget al., (2021)observed that the oral of AOWex considerably
{ 16 )
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lowered serum IgE levels, which was validated im etudy. Likewise,

Meng et al., (2018)found thatA.officinarum administration reversed IgE
levels significantly. Likewise,Lee et al., (2018) observed that the
combination of quercetin and galangin as a maimeitignt of AO were
more effective in lowering IgE levels.

Table (8): Effect of A. officinarum aqueous extract (AOAex) onthe

proinflammatory cytokines and IgE in lung tissues for LPS induced
acute lung injury.

0 Parameters IL- 1p IL-6 IL-10 TNF-a IgE
Groups pg/MI (ng/ml)
Control (-ve) 13.34+0.70 | 20.24+0.98 | 11.73+0.12 | 70.42+0.80 170.73+ 1.8
LPS 70.42+1.07 | 75.44+1.60 | 22.31+1.72 | 200.23+2.25 | 350.02 +2.3
AOAex 100 mg/kg | 38.50+0.18 | 45.91+0.50 | 18.80+1.70 | 145.10+0.81 | 258.03 +3.1
AOAex 150 mg/kg | 28.22+0.07 | 35.02+0.40 | 16.92+0.11 | 11551+ 0.99 | 205.01 +2.4
AOAex 200 mg/kg | 18.33+0.78 | 25.13+0.80 | 14.64+3.09 | 75.21+0.88 185.04 +1.3

Interleukin-1 (IL-18), Interleukin-6 (IL-6), Interleukin-10 (IL-10), Traor necrotic factor:
(TNF-a) and Immunoglobulin E (IgE). Results are expressethean + SB/alues in each
column which have different letters are signifidgifferent at (R0.05).

Results of a lung histopathology examination

To establish the preventive efficacy of AO, theduissues of rats
exposed to LPS-induced ALl were investigated higtplogically.
Macroscopic examination of control (ve-) lungs oaled normal
histological structure (normal bronchioles and alye(Photo A). On the
other hand, the lungs of rats (LPS) group displapezkening of interstitial
septa with inflammatory cells interstitial pneunmeifPhoto B). Meanwhile,
rats from group 3 had localised interstitial pneamaaPhoto C). However,
no histopathological alterations were found inlthegs of rats from group 4
evaluated in other sections (Photos D and D1).@nother hand, group 5
investigated sections revealed no histopathologicahges (Photo E).

These results are consistent wihokry et al., (2022) and Set al.,
(2023) observed that histopathological examinations in -iitisiced ALl
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revealed an inflammatory response marked by alveefathelial cell

desquamation, thickening of the interalveolar septlue to haemorrhage
and inflammation, fibroblast development, and estes leukocyte

infiltration.

The current study, on the other hand, found tAaifficinarum
protected against ALI produced by LPS injection dxerting antioxidant
activity and preventing tissue degradation via seggion of inflammatory
cytokines and lipid peroxidation. These findings &r line withZhao et al.,
(2019) observed that pathological sections of lung tisshewed thatA.
officinarum could reduce the infiltration of inflammatory cllpulmonary
edema and pulmonary fibrosis. Similarpjkmen et al., (2021) showed
that plant-derived substances reduced lung tisaogade and demonstrated
therapeutic properties.
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Photo (1): Photomicrograph of rats lung of H&E X 100 and X 2@G-
Groups (1)

(ve-) showing the normal histological structurergnal bronchiole (BR)
and normal

alveoli (AV). B= group (2) LPS; C= group (3) AOA&00 mg/kg; D and
D1= group

(4) AOAex 150 mg/kg and E= group (5) group AOA®O02ng/Kkg.
Conclusion

LPS-induced ALl is protected from by Aofficinarum aqueous
extract (AOAex) through lowering lung inflammatagsponse suppress the
levels of proinflammatory cytokines, reduced neutibinfiltration and IgE
levels, lightened the oxidative stresses, and mdlubistopathological
changes and tissue damage, due to its anti-inflaotpnand anti-oxidant
properties.AOAex is a possible option for functional foods poevent
chronic inflammatory illnesseand it may be a promising therapeutic agent
in future.
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