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ABSTRACT

Pulmonary fibrosis is a fatal disease, and is cdagtd as one of the most important side effecthemotherapy
drugs such as bleomyciThe antioxidant properties and anti-inflammatorgtigities of Hypericum have been
confirmed; on the other hand, the inhibition of ypqADP-ribose) polymerase enzyme affected the dewtl
nicotinamide adenine dinucleotide (NAD) in cells.the present study, the effects of hypericum patfn extract
in combination with niacin were assessed on bleamipcluced pulmonary fibrosis. In this study, mads
weighing 160-190 g were used. The animals were awntyl divided into the following five groups of sikhe
control group (NS) , which receives normal saliméypthe bleomycin group (BLM) , which was admirittd with
an endotracheal single dose of bleomycin sulfatatism after anesthetizing the animals. Hypericuarfpratum
(HP) group, Niacin group (100 mg/kg), and the camabion group (HP + NC). In addition to receiving
endotracheal bleomycin, the studied drug was adstared intraperitoneally for 21 days. At the endhdd study,
hydroxy-proline and malondialdehyde were measuaed, specific pathology tests were performed in ltisgues
to determine the changes that occur in in varioraugs. The results showed that the lung index (lragyht/body
weight), hydroxy-proline contenjd of hydroxyproline/lung), and malondialdehyde fre tcontrol group were
0.662+0.03ug, 1156.8+41.5:9 ,and 753.7440.2:g respectively, while these values in the BLM grougpe 1.56+
0.24 ug, 4073.44468.919, and 1643.6 + 129.9g, respectively. Treatment with the combinationhgbericum
extract and niacin significantly reduced these dastas compared to the bleomycin group (P < 0.@r results
represented a potential protection of hypericunraeottand niacin on lung fibrosis induced by bleomydThis
protective effect showed a significant increaserwt@mpared to the use of the plant extract or madone.
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INTRODUCTION

Pulmonary fibrosis is an interstitial lung chroxiisease that is caused by lung parenchyma damafgetoys such
as generating inflammation and fibrosis. This tesise to treatment disease is associated with rhigftality rates
[1]. The average survival rate for this diseaseoants for about 2-3 years [2]. The pathogenesipudmonary
fibrosis are not clearly defined [3,4];however, el factors such as reactive oxygen species (R@p&)th factors,
inflammatory cells such as lymphocytes and neuitspbytokines, and chemokines play a major roleatly or
indirectly in the fibrotic process. Some of the Wmofactors that are involved in the incidence df tisease can be
mentioned as the following: Viral infections caudgdsome herpes viruses, damage resulting from soonganic
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compounds such as asbestos and silica, and fitla#lyside effects of some chemical drugs suchesfjcin and
methotrexate [5]. Bleomycin is a strong antinedgdaantibiotic, which has been effective in theatraent of
squamous cell carcinoma of head and neck, testi@alecinoma, some smooth tissues sarcoma, and Hkuosigk
disease [6]. Due to low blood side effects, bleomyis valuable in chemotherapy [7,8]. Bleomycinticed
pulmonary fibrosis mechanisms are not completedyiified, but there are some hypotheses.

Drugs can chelate the iron and copper elementsremdbind to activated oxygen molecules and createplexes,
which will attach to the DNA molecule. In the nestep by transferring electrons from Iron 1l to thrygen
molecules generates free radicals of hydroxyl anpgesoxide. Consequently, inflammation, accumulatafn
inflammatory cells, and finally, collagen depositibad occurred in the walls of the air sacs [7]%]e immune
system appears to be the most important factorléoniycin-induced pulmonary toxicity [10]. Cytokinese
hormone-like or pseudo growth factor proteins thatuce cell specific activities mediated with spiecicell
receptors.

The most important pro-inflammatory cytokines ilwedl in fibrosis process include interleukin-1,ei€ukin-6,
interleukin -13, TNFe, and TGFp [11,12]. Prostaglandins, leukotrienes, and throxalbe are major inflammatory
factors synthesized in the course of arachidonit #at can be involved in the development of pulany fibrosis
[13]. Hypericum, (Alaf Chai or Raie Flower) withelscientific name of Hypericum perforatum, is a geof
herbaceous, flowering, perennial plant, 10-110 arhéight, and without trichome. Its flowering brhes and
flowers are used as medicinal parts [14]. More tlesnimportant compounds have been found in Hypearjovhich
generally contain flavonoids, phloroglucinols, andftodiatrons [15].The major flavonoids in Hypercuare
quercetin and luteolin.

In the past researches, the amount of flavonaidke plant flowers, leaves, and stem were caledlatl.7% and
7.4%, respectively [16]. The plant has been massigd in the treatment of depression and neurolbdisarders
[17, 18]. Several studies have shown that the flaids and hyperforin in Hypericum are mostly resgpble for
anti-inflammatory and analgesic effects, anti-baateand anti-viral properties, changing in capilgermeability,
anti-arrhythmic effects, coronary vasodilatatioroperties, antispasmodic effects,and changing trength and
speed of heart contraction [19]. Researchers hawdirmed the strong anti-inflammatory and anti-patmary
fibrotic properties of Hypericum extract [16, 2@, 2

The most complications of Hypericum are hypergeuitsi to light and skin erythema [18]. The polyd@nosine
diphosphate ribose -5) polymerase is the enzynaeetlto the cell nucleus, which is activated duelamages
related to nucleic acids for their repair [1]. Thislymerase uses NAD molecules as its substratk |eads to a
rapid decrease of f the cells NAD content. As asegpience, the glycolysis pathway interrupted arddtels of
Adenosine triphosphate (ATP) of the cell would dirsh [22]. As a result, the active calcium pumppstand the
calcium accumulate inside the cell and lead todedith [23]. According to previous studies, niamimicotinic acid
can probably be effective in the treatment of blgominduced pulmonary fibrosis by inhibiting theemioned
enzyme, as well as to the leading substance of NyiPhesis and proving ATP required by the celPd].

MATERIALSAND METHODS

M ethodology and required materials

Bleomycin sulfate was purchased from the Unitedti®ib Company, India. Ketamine ampoule was prepfiosd
Davis Park factory and other compounds such asolygroline, chloramine-T, para-Dimethylaminobenzdigde,
and niacin with high purity were obtained from Me@ompany, Germany.

Preparing the extract

The Hypericum plant was purchased from Gol Darobdlemedicine company (Isfahan, Iran). The plans wa
harvested in June, and it was identified with tleebhrium number of 11427 in Isfahan Center for Bede of
Agricultural Science and Natural Resources. Th&isgamethod was used to prepare the extract [2p,F&t, the
Hypericum head branches were dried quickly in thedsw. Then, they were chopped into small piece3 ¢&h),
and soaked for 72 hours in 70% ethanol solutiort€wa0; ethanol: 70). After three days, the extraas filtered.
The 70% ethanol was poured to the remaining putp added to the first extract. The obtained extvems then
passed through filter paper, and the filtrate warscentrated by rotary device. Then it was folloviegdputting the
solution in the Dry Heat on 30-40° C, and lastly tiry extract was obtained [25, 27, 28].

Laboratory animal
Thirty 14-week old adult male Wistar rats weighiingm about 160-190 g were used in the study (theulea of
Pharmacy, Isfahan University of Medical Sciencé&$le animals were transferred to Professor Abu-T&eabearch
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Centre a week before the start of the experiment,veere randomly placed in standard cages (4 eatsage). The
animals were kept under controlled environmentaiditions (alternate light and dark cycles, 12 hheate
temperature was maintained at 22+3°C) and wereigedwvith food and water.

The animals were randomly divided into the follog/ifive groups of six: Control group (NS) that rees normal
saline only; bleomycin group (BLM), which were athetized with ketamine (50 mg/kg); an endotracheaich
was administrated with a single dose of bleomycinlfage solution (1u/100g of body weight) ;
Hypericumperforatum (HP) group received only plamttract (200 mg/kg); Niacin group received niacin
complement (100 mg/kg) ;lastly, the Combinationugr¢HP + NC) was administrated by a Hypericum partfom
(200 mg/kg) with niacin (100mg/kg).

Preparing the pulmonary fibrosis model

Bleomycin sulfate was dissolved in sterile nornaing. After anesthetizing the animals with ketaen{fBOmg/kg),
a tracheal tube was put in the animal’'s mouth thnowhich the drug solution was instilled into th@maal lung
[29]. The animals in BLM group and the treatmendugrs were all endotracheally administrated with @l3of
solution drug, containinglu/100g bleomycin, whilee tcontrol animals received only 0.3 ml normal reali
endotracheally. Then, all the rats were kept usdeervision until complete recovery. In additiorbteomycin, the
HP group received 0.5 ml of the plant extracts tmtuintraperitoneally (equivalent to 200 mg/kg)ilgdor about
16 days. The NC group received niacin solutionajpgritoneally daily for 16 days. In addition, th®+NC group
received 0.5 ml of hypericum perforatum extracusoh (equivalent to 200 mg/kg) and niacin solut{equivalent
to 100 mg/kg) in two separate intraperitoneal itits every day. The bleomycin and the control geowere also
daily intraperitoneally injected by 0.5mL of normahkline. In all groups, seven days before bleomycin
administration, the examined drugs were injectéchperitoneally (pretreatment). The doses usedigstudy were
determined based on previous studies that haveeprihe preventive and protective effect of niagirbteomycin-
induced pulmonary fibrosis [1] and the impact of fhlant extract on inflammation and pain causedadogalin
according to the previous studies that have exainthe effects of similar plants extract on bleomyiciduced
pulmonary fibrosis [30]. No toxic and threatenirideseffects were reported regarding the doses wéetxused in
the conducted studies. In contrast, the proteaffects of this plant on drug poisoning caused dxict drugs on
liver and kidneys have been examined and docum¢aigd

Sampling

After measuring the animals’ body weight, they wanesthetized by ketamine injection. Then, the ahénthest
was cut and the lungs were removed carefully. Hit& fungs weight was measured. After washing timg$ with

cold normal saline, the left lung was separatechfstological studies and a part of it was placed 0% formalin

solution. For histopathological study, six slidesrav prepared from each group (one slide from eaahad), and

five fields per slide were examined. The rest @f litng tissues were kept in special container éinfteezer at -70
degrees centigrade for biochemical tests.

Deter mining hydr oxyproline content in the lung tissue

The Woessner method was used to determine the sélwadroxyproline, which reflects the lung collaggeontent.
One-third of the lung tissue was homogenized widhml of sterile water; then,1ml of the homogenifigdid of
lung tissue was taken. After precipitation of it®teins with 10% TCA, the precipitates were hydrelg with
hydrochloric acid 6 N for 16 hours at a temperatafel20°C. The samples were then neutralized byusod
hydroxide (NaOH) 2.5 normal(PH 6-7). The oxidatijpimase was started by adding 1ml of chloramine Geaea
(1.41 g chloramine T in 20 ml of water, 30 ml adgsopyl alcohol and 50ml of citrate-acetate bufterPml of the
neutralized sample. After 20 minutes, 1ml of Elrli®agent(20% P-dimethyl amino benzaldehyde saiuitio
perchloric acid and isopropyl alcohol) was added #e samples were incubated for 20 minutes in emzath
with a temperature of 60 °C. After incubation, thbes were placed in cool tap water for 5 minufeowed by
determination of the absorbance at 557 nm. By usiadiydroxyproline standard, the hydroxyprolineaantration
in the samples was determined and the total hygmaiype content of lung was calculated. The resulese
reported as hydroxyproline content in the entirgglug/lung) [1, 2, 32, 33].

Deter mination of lung tissue malondialdehydecontent (34)

Malondialdehyde (MDA) content of lung tissue wagedmined by using the thiobarbituric acid methodaas
indicator for the tissue lipid peroxidation raténelproteins of 1ml of the homogenized sample (8f3gng tissue in
3ml normal saline) were precipitated by trichlorete acid (10% w/v). Then, the supernatant liquakvisolated to
measure MDA, thus, 0.6ml of the solution was mixgth 1.2ml of thiobarbituric acid (0.67 w/v) (35)he samples
were placed in a bath of boiling water for halfteour at 80°C. Then, after adding N- butanol to dasymbsorption
was immediately measured at 532nm by spectrophatgnand the amount of MDA was reported in nmol germ

of lung tissue (nmol/g tissue) [34, 36].
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Histological studies

For histological studies, the formalin-fixed sanspleere sectioned aih pieces after dewatering in paraffin, and
the slides were prepared. After staining them widimatoxylin-Eosin and Masson's trichrome, the sligere
examined by light microscopy [2, 32].

Statistical analysis
The SPSS version 16 was used for analyzing the A#itthe results are expressed as mean valueantlatd error
mean. Variations between the groups were comparessing the ANOVA and Duncan test. A P-value oflésan
0.05 was considered to be statistically significantl the excel software was used to draw the ¢hautses, and
graphs of the results.

RESULTS

The study results showed that the level of maldddlayde of lung tissue in NS and BLM groups was.7%340.2
and 1687.5 + 218nanomoles per gram, respectively{®5).The values of MDA of lung tissue in HP, N@d HP

+ NC groups were 904.5 + 78.4,1130.6 + 92.4andB%%2.1 nanomoles per gram, respectively (FigyreThe
value of OH-Prolin of lung tissue in NS and BLM gps werel156.83 + 41.5 and 4.73.4 + 468.9 microgram
,respectively (p < 0.05).The OH-Prolin contenthe tung tissue in the HP, NC, and HP + NC groupse\#&81 +
188.3,2163.8 + 155.13, and 1638.6 + 161respectifféiyure 2). The lung index in groups NS and BLMsvas
0.662 + 0.03 and 1.56 + 0.24 respectively (p <Q.0hE rate of lung index in HP, NC, and HP + NCugr® were as
0.922 + 0.11, 1.16 + 0.13 and 0.809 * 0.09 respelsti(Figure 3).

Results of histological studies

Bleomycincreates many histological changes in thegltissue, including thickening of the alveolarllwa
accumulation of fibroblasts, and connective tissuethe alveolar space filling of these spaces. bcopic
observations of lung tissue in different groupsoifmals based on H & E staining are shown beloveofaing to
Figure 4, microscopic observations of lung tissu@arious animal groups by H&E staining were denated in
the groups that received normal saline, and thg that have a normal view and alveoli and intaadttissue are
normal with no observable destruction. Also, acclatimn of inflammatory cells and collagen fibersfifarosis was
not observed (Figure 4A). In bleomycin groups, fibllowing changes were observed: accumulation lofolblasts
and connective tissue in the alveolar space, dpedlaestruction of the alveoli, accumulation oflagén fibers in
some areas of the lung. A visible hemosiderin pigingeposition in the picture is a sign of previdiseding
(Figure 4B). In the group receiving bleomycin andcin, inflammatory and fibrotic lesions have sigantly
decreased as compared with the bleomycin groupgheny the thick walls of the alveoli and inflammataells
were seen in many areas of tissue (Figure 4C)drgtbup receiving bleomycin and Hypericum perfaragxtract,
in comparison with the previous group, a reductiolung injury by inhibiting the infiltration of iflammatory cells
and reduced thickness of the walls between alwgete observed (Figure 4D).In the groups receivileptnycin
and Hypericum perforatum extract associated wisttini most areas of the tissue have almost nornmaitsre, and
the lung tissue damage has been greatly reducgdré~E).

DISCUSSION

Fatal pulmonary fibrosis disease is one of the sifects of anti-cancer drug bleomycin, which haangn
applications in chemotherapy [6, 37]. In the remcprocess with DNA, the presence of molecular exy the air,
bleomycin increases the ROS production. These ectgents attack cell membranes in the lungs ansectne
production of lipid peroxide and other dangerousvaaadicals. Due to the accumulation of bleomirithe lungs
as well as the availability of molecular oxygerthe site, this process progress as chain reacsidhs|

Through extensive immunological reactions, bleomyciauses damage in the alveolar cells, increases th
accumulation of inflammatory cells, collagen tissarel ECM in the alveolar area, stimulates the fan@ltion of
fibroblast cells in the alveolar interstitial aremd finally develops fibrosis. It is also saidttbleomycin alters the
metabolism of eicosanoids. These changes, espeoalthe PGs and thromboxane, are more likely &y @n
important role in fibrosis formation [2, 5]. It @lso believed that bleomycin increases the prodomadf TGFB
protein, which is a growth factor with a key rofethe process of fibroblast proliferation and depéig pulmonary
fibrosis [38]. Despite much research, the causes pathogenesis of pulmonary fibrosis are still aacl Much
research has been done so far on inhibiting thig tgf pulmonary fibrosis, and many compounds hasenb
introduced for the purpose of preventing and tngaiach act with a certain mechanism. In this stthay effects of
Hypericumperforatum extract in combination withairawere investigated 16 days after endotrachgatiion of
bleomycin according to the measurement of lunguéidsydroxyproline content as an indicator of caladissue,
lung tissue MDA as an indicator of oxidative str¢34, 39], and pulmonary weight index (lung weigbtbody
weight in percent) as well as histological chand®gericum is a medicinal plant that is mostly used¢ases of
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depression. Having flavonoids like quercetin, rutend anthocyanoside can act as an antioxidanf; ant
inflammatory, and analgesic substances[40]. Rekestiows that through lowering cytokines of TNFH.-6 and
IL-1 [41],as well as influencing the synthesis paftarachidonic acid, and inhibiting the productimineicosanoids
[42], the flavonoids can reduce the inflammatiofavBnoids act as antioxidants. In addition, by &asing the
capacity of antioxidant enzymes of glutathione,tathione reductase, glutathione peroxidase, analas® can
protect cells against reduced glutathione discljdfigeWith chelating iron as a factor in the deystment of free
radicals, they can exert their beneficial effe@ [Also, by reducing the number of immobile leukms and
theinhibition of neutrophils degranulation, flavat® prevent the stabilization and adhesion of leykes to the
endothelial wall and the formation of oxygen fremicals, inflammatory mediators, and further comat
activation. Flavonoids also reduce inflammationitnjting the activity of NF-Kb [41, 43].
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Figure 1: levels of lung tissue malondialdehyde in the study groupsin terms of nanomoles per gram of lung tissue
Data are expressed as the mean nanomoles per gramlondialdehyde of lung tissue +SD. *P < 0.05.
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Figure 2: The effects of different examined groupson therate of lung tissue hydroxyprolinein the study groupsin terms of micromoles
per gram of total lung tissue
*: p <0.05

Niacin, or nicotinic acid, is a B-complex vitaminat has been used in the past to treat pellagudieSt show that
niacin can provide the ATP required by the celrépair and reconstruct DNA and cellular componéhtsugh

provision of cell NAD, which bleomycin has dischadgit, and thereby, it will increase the lesionpaig and
therefore, prevents the development and progressifibrosis [22]. Influencing the NF-Kb pathwaydithe body
immune system, Niacin can also reduce inflammatiesiilting in decreased bleomycin-induced pulmoriiargsis

[24].
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Figure 3: Effects of different examined groupson the lung index (gram body weight in percent / g lung weight) in the study groups. *: (p
<0.05)

Figure 4:Hematoxylin and eosin-stained lung sections. L ung sections tissue from normal saline (NS) rats (A), ratsreceiving bleomycin
only (B), ratsreceiving bleomycin and niacin together (C), ratsreceiving bleomycin and Hypericumper foratum extract together (D)
andrats receiving bleomycin and Hypericumperforatum extract associated with niacin Original magnification: x40

Studies conducted in the past indicate that niatdme can effectively prevent the development @obiycin-
induced pulmonary fibrosis. In a study conductedargty and Javadi in 1990, administrating niacidages of 500
mg/kg on a hamster animal model, they could congudinonary fibrosis to an acceptable level so thatrate of
lung tissue hydroxyproline in the bleomycin groupreased as 258% compared to the control groupe Wiis rate
reduced to 230% in niacin treatment group [1].Adong to previous studies, flavonoid luteolin carpiove the
inflammation effects and skin redness caused bgimimtake by inhibiting prostaglandin D[44].Niacgan also
increase the absorption of flavonoids in the Hyperi[42, 45].

In conclusion, one can say that antioxidant ageunish as flavonoid containing compounds can increhse
antioxidant capacity of the body as pre-treatm&hereby, in the early stages of fibrosis, they peshuce initial
damage and pulmonary fibrosis by inhibiting freelicals. In continuation of the fibrosis processe thnti-
inflammatory properties of these compounds carbitfibrosis through primary reduction of inflamrat. As a
result, one can say that the combination of niarid hypericum extract can reduce fibrosis by inimbi free
radicals and inhibiting inflammatory factors, andyding NAD required for the repair of damagedsel
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