Pharmacogn. Res. ORIGINAL ARTICLE

A multifaceted peer revie nal in the field of Pharmacognosy and Natural Products

Oral Intake of Polyphenols of Chromolaena odorata:
A Perspective in Peptic Ulcer, Thrombocytopenia, and
Heparin-induced Bleeding Diathesis in Rodent Model

Tania S. Paul, Biswadeep B. Das’, Shakti P. Ingale?, Niruta Killedar?, Kishori G. Apte*

Satellite Lab of Venture Centre, APT Research Foundation, 'Deapartment of Genotoxicity, APT Testing and Research Pvt. Ltd,, “Department of Zoology, Annasaheb
Magar Mahavidyalaya, Hadapsar, *Biology Division, IISER, Pashan, “Department of Pharmacogy, APT Research Foundation, Pune, Maharashtra, India

ABSTRACT heparin-induced mouse tail-bleeding model. The presence of considerable
Objective: Bleeding disorder is of two types: external bleeding due to amount of flavonoids and phenols in the plant extract plays a key role in
trauma, surgery, and internal bleeding which happens mainly due to the pharmacological activities.

ulcers and thrombocytopenia or use of excessive anticoagulants. Proven
hemostatic activity of Chromolaena odorata (L) in bleeding and wound
healing had encouraged to evaluate the efficacy of aqueous extract and
spray-dried powder (SDP) on ulcers, thrombocytopenia, and heparin-induced
bleeding diathesis. Materials and Methods: Internal bleeding in the form
of lesions in empty stomach was induced by absolute ethanol. Busulfan is
administered through intraperitoneal injection to produce thrombocytopenia
in Wistar rats and heparin at 1000 IU/ml was injected intravenous to mice,
and after 30 min, tail was truncated to qualitatively and quantitatively

differentiate the bleeding diathesis in treated versus nontreated controls. BRarmacologlcAlactiiites
Results: A significant reduction in the lesions was observed in treated rats
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as compared to disease control rats which was evident from ulcer index and
histopathology data. Considerable protection and production of platelets
were observed in the thrombocytopenia model which was drastically
reduced in the Busulfan administered disease control. Both aqueous extract
and SDP were successful in preventing blood loss in heparin-induced
tail-bleeding model. Conclusion: The presence of polyphenols attributes to

the crucial role of C. odorata in arresting internal bleeding from stomach keddgeidicerahiEhemoniigs iactesEidrelencame Reputex i kieed

ulcer, protecting the thrombocytes from destroying, and minimizing the

bleeding diathesis in mice. Abbreviations Used: SDP: Spray-dried powder, ulL: Microliter, ml: Milliliter,
Key words: Chromolaena odorata, gastric ulcer, heparin, tail-bleeding nm: Nanometer, ug: Microgram, NAD: No abnormality detected,
assay, thrombocytopenia SD: Standard deviation. Access this article online
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INTRODUCTION Due to over intake of spicy food, alcohol, meat, fish, gastric surgery, and
infection by Helicobacter pylori, serious injury in the stomach is seen that
Blood is one of the principal components of a body that maintains its  ,yges gastric ulcer.?”

homeostasis which many a times gets affected by factors such as disease,  gihanol is proved to cause mucosal stasis, leading to hemorrhage and

toxins, and drugs that may cause coagulation disorders also known as  pecrosis by triggering radical reactions such as lipid peroxidation.**
blood-clotting defects. Normally, when a person bleeds, the body starts

a cascade of processes to clot the blood to prevent excessive bleeding.  This is an open access journal, and articles are distributed under the terms of the
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work non-commercially, as long as
to clotting factors or protein defects in the plasma. Bleeding disorders  appropriate creditis given and the new creations are licensed under the identical terms.

can be classified into two types which are external bleeding due to

However, the body sometimes fails to clot the blood due to failure related

trauma, surgery,!) etc., and internal bleeding which happens mainly ~ For reprints contact: reprints@medknow.com

due to ulcers, thrombocytopenia, or use of excessive anticoagulants. It Cite this article as: Paul TS, Das BB, Ingale SP, Killedar N, Apte KG. Oral

is believed by the National Health Service, UK, that in stomach ulcers, intake of polyphenols of Chromolaena odorata: A perspective in peptic ulcer,

internal bleeding is the most common complication. It can occur when thrombocytopenia, and heparin-induced bleeding diathesis in rodent model. Phcog
Res 2018;10:426-31.

an ulcer develops at the site of a blood vessel.
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Thrombocytopenia is a body condition where the blood has too
few platelets and causes mild-to-serious bleeding.”! It is a medical
term for a low platelet (thrombocytes) count of <150 x 10°*/uL that
plays an important role in blood clotting. It can be classified into
several types depending on the factors such as immune (idiopathic)
thrombocytopenic  purpura, heparin-induced thrombocytopenia,
thrombotic thrombocytopenic purpura, preeclampsia and hemolysis,
elevated liver enzymes, and low platelet count syndrome during gestation,
drug-induced thrombocytopenia, for example, quinine, infections which
include hepatitis B and C, HIV, Epstein-Barr virus, Cytomegalovirus,
parvovirus B19, varicella-zoster virus, rubella, and mumps, liver disease,
and other causes such as aplastic anemia, chemotherapy, irradiation,
acute leukemias, and myelodysplastic disorders may result in severe or
symptomatic thrombocytopenia.!®

In the present study, Chromolaena odorata R. M. King
and H. Rob. (Asteraceae) (formerly known as Eupatorium
odoratum L.) which is known for its hemostatic activity has been
selected. C. odorata (L.) R. M. King and H. Rob. (C. odorata) or
Siam weed is a perennial scandent or semi-woody shrub which is
widely available in moderate climate as an invasive weed. Aqueous
leaf extract of C. odorata is used as anti-inflammatory agent and
membrane-stabilizing agent,”® inhibits hydrated collagen lattice
contraction by normal human dermal fibroblasts,® and decreases
the bleeding time and blood volume of wounds in rats."” In Nigeria,
the local application of the leaf extracts of C. odorata for sore throat
and treatment of pile, burns, and wounds have been documented.!'"!
Isolated compound 3f-acetyloleanolic acid from C. odorata showed
moderate peroxisome proliferator-activated  receptor-gamma
agonist activity.'?! The fresh leaves of C. odorata or the decoction are
reported for being used in the treatment of leech bites, indigestion,
and skin infection.!"! The decoctions of the stems were reported to be
effective against skin disease caused by Propionibacterium acnes.!*
Extensive literature review on C. odorata suggests its wound healing
in experimental models.">'”! Therefore, the hemostatic activity in
external wound healing had already been justified, but scientific
validation for its use in internal bleeding is not shown. Thus, the
present study is put forth to evaluate the efficacy of aqueous extract
and SDP of C. odorata on internal bleeding associated with ulcers,
thrombocytopenia, and reversal of heparin-induced bleeding
diathesis on laboratory animals.

MATERIALS AND METHODS
Chemicals and reagents
Alcohol,  ranitidine, busulfan  (Sigma-Aldrich), polyethylene

glycol (PEG) (Sigma-Aldrich) heparin (thromboparin 1000U/ml),
electronic stopwatch, disposable lancet, and nonheparinized capillary
tubes are used in this study.

Collection and authentication of plant material

The leaves of C. odorata (L.) R. M. King and H. Rob. were collected
from Vadgaon Khurd, Pune, Maharashtra, and were authenticated by
Dr. J. Jayanthi from Botanical Survey of India, Pune, under the number
BSI/WRC/Cert./2014. A voucher specimen of the herbarium was
submitted in APT Research Foundation, Pune.

Preparation of plant extracts

The leaves were cleaned and shade dried in a shade dryer and the
dried leaves obtained were powdered. It was then extracted in Soxhlet
apparatus with Millipore RO water. The aqueous extract obtained was
concentrated in rotary evaporator under vacuum and percent yield was
determined.
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Preparation of spray-dried powder

Spray drying is considered as a well-established and convenient method
for converting liquid materials into dry powder form. During the
spray-drying process, the liquid feed is first atomized and allowed to
contact with hot air which results in evaporation to yield dried particles.
These particles are subsequently separated from the air stream by
pressure of cyclone mixer inbuilt in spray-drying machine. Spray drying
is widely used in food industries such as whey, instant coffee, milk tea,
and soups as well as health-care and pharmaceuticals industries such as
vitamin enzymes and bacteria.['*)

In the present study, SDP is obtained from the water extract of C. odorata
by following the below procedure:

Briefly, the blower was started and desired inlet temperature of 150°C and
outlet temperature of 80°C was set in the panel. The heater was started till
the desired temperature is achieved followed by starting the compressor
at 0.70 kg/cm?. Later, the feed pump was set at 14 RPM to achieve feed
rate of about 750 ml/h. Initially, distilled water was fed through the feed
pump and then replaced by the sample (aqueous extract of C. odorata).
It was ensured not to have particles which might block nozzle of the
atomizer. The powder obtained after spray drying was tightly packed in
airtight containers for further experiments.

Quantification of flavonoid

In brief, 1 ml of spray-dried extract (1 mg/ml) was added to 2 ml of water,
and after 5 min, 3 ml of 5% sodium nitrite and 0.3 ml of 10% aluminum
chloride were added. After 6 min, 2 ml of IM sodium hydroxide was
added to the solution and the volume was made up to 10 ml with distilled
water. The red-colored complex formed was measured at 510 nm. The
percentages of total flavonoids were calculated from the standard
calibration curve of quercetin (10-250 ug/ml) and total flavonoids were
expressed as quercetin equivalents in milligrams per gram sample.

Quantification of phenol

The total phenolic content in the spray-dried extracts was determined
with Folin-Ciocalteu (FC) reagent using gallic acid (50-250 pg/ml) as
a standard. About 1 mg/ml of the extracts was prepared and diluted to
45 ml with distilled water in a volumetric flask. About 1 ml of FC reagent
was then added and the content of the flask mixed properly. After 3 min,
3 ml of 20% sodium carbonate was added to the mixture and it was
allowed to stand for 2 h with occasional shaking. The absorbance of the
blue color that developed was read at 760 nm. The concentration of total
phenols was expressed as gallic acid equivalents in mg/g of dry extract.

Animal experimentation for antiulcer activity

The study was approved by the Institutional Animal Ethics

Committee (TAEC) with the protocol no. RP. 04/1516 of APT Testing and

Research Pvt. Ltd., Pune. The rats were divided into respective groups of

six animals each.

e Group I (toxicant disease control) received absolute ethanol
99.9% (1 ml/animal)

o Group II was treated standard marketed drug (ranitidine 50 mg/kg)

o Group III was treated with aqueous extract (500 mg/kg)

e Group IV was treated with SDP (500 mg/kg).

The rats were treated with test drugs before ulceration daily for 7 days.
On the day of ulceration, the rats were fasted for 24 h and then received
1 ml of absolute ethanol orally. Test drugs were administered orally
30 min before the ethanol dose on the day of ulcer induction. The animals
were sacrificed by CO, exposure in CO, chamber after 1 h of ulcerogen
administration, and their stomachs were excised and the gastric contents
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were aspirated. The stomachs were washed with normal saline and kept
in 10% formalin for the determination of ulcer index and histological
studies. Ulcer index was determined by the method of de Andrade et al.,
2007, wherein:

o Level I: Ulcer area <1 mm?

o Level II: Ulcer area = 1-3 mm?

o Level IIT: Ulcer area >3 mm?™

The following parameters are determined:

o Ulcerative lesion index (ULI) =1 x (number of ulcers in Level I) + 2
x (number of ulcers in Level IT) +3 x (number of ulcers in Level III)

o Percentage protective ratio = 100 — (ULI pretreated/ULI Control) x
100.

Chemically induced thrombocytopenia in rats

The study was approved by IAEC with the protocol no. RR 001/1415/0125
of National Toxicology Centre, Pune. Busulfan was prepared at a
concentration of 100 mg/mL in PEG (Sigma) and stirred for 2 h at 20°C.
This suspension was then brought to a final concentration of 10 mg/mL
in PEG and stirred for 2 h at 75°C. Rats were injected intraperitoneally
with busulfan on two separate occasions 3 days apart (20 mg/kg per
injection). Hematology was conducted on days 0, 7, and 14 for platelet
count.

Heparin-induced bleeding time in mice

The tail-bleeding time is considered as one of the promising parameters
to study hemostasis in mice.”” This assay is simple and sensitive to
the effects of heparin.”! According to Gailani et al., 2015,%? a small
truncation of the tip of the tail of mouse transects several blood
vessels mainly two large lateral veins and the ventral artery. The study
was approved by IAEC with the protocol no. RR 001/1415/0125 of
National Toxicology Centre, Pune. Animals were anesthetized with a
mixture of ketamine (24 mg/kg) and xylazine (10 mg/kg) at 1:1 ratio
and administered according to body weight. Animals were placed in
prone position. A distal 10-mm segment of the tail was amputated with a
scalpel. The tail was immediately immersed in a 10-mL tube containing
isotonic saline prewarmed in a water bath to 37°C. The position of the tail
was vertical with the tip positioned about 2 cm below the body horizon.
Each animal was monitored for 20 min even if bleeding ceased, to detect
any re-bleeding. Bleeding time was determined using a stop clock. The
experiment was terminated at the end of 20 min to avoid lethality during
the experiment as required by the local animal ethics committee.

Statistical analysis
All data were expressed as mean + standard error of the mean.

RESULTS
Effect of Chromolaena odorata in antiulcer activity

The untreated disease control group of animal shows 32.33 + 9.27 ulcer
index, whereas the test drug-treated group shows 7.00 and 7.17 ulcer
index which is comparatively low as compared to the disease control
group. On the other hand, the standard drug-treated group also showed
the less ulcer index, i.e., 11.00 + 7.13 [Figure 1].

Chemically induced thrombocytopenia in rats

After initiation of busulfan injection, the rats were found to be
thrombocytopenic during the 14 days of study period. The platelet
count decreased in all the groups as compared to normal control
group [Figure 2].
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Figure 1: Lesions in the stomach of rats

Heparin-induced clotting time in mice

The test drug-treated group showed reduction in bleeding time as
compared to control group [Figure 3].

DISCUSSION

Hemorrhages in the body can be minor or major depending on injuries
and causal factors. The internal injuries are mostly unpredictable in 84%
of cases. Hemostasis is a natural lifesaving process in the body which
helps to minimize or stop bleeding diathesis. It basically involves five
major components, namely platelets, coagulation factors, coagulation
inhibitors, fibrinolysis, and blood vessels.”?!! Although hemostasis occurs
on its own, in many situations, there is a need of the use of mechanical
barriers and thermal and hemostatic drugs.?>* Therefore, it is believed
that the variability in the severity of bleeding justifies the existence of a
variety of hemostatic agent and exploration of compounds that facilitate
the process is of medicinal importance.

Nowadays, in the treatment of cardiac disorders or peripheral arterial
diseases, antithrombotic therapy plays a key role.’”” However, recent
studies have shown that there is a risk of adverse gastric reactions in the
upper gastrointestinal tract in patients taking multiple antiplatelet drugs
causing hemorrhagic ulcers.”®!

In the present study, aqueous extract of C. odorata was converted into
SDP. The extractive percentage yield was found to be 29.17 + 0.76
(data obtained in triplicate) and spray-dried percentage yield was found
to be 8.82 + 2.76 (n = 3, data obtained in triplicate). The flavonoid
content was found to be 107.88 + 8.08 mg/g when compared with
standard quercetin (R* = 0.995) and the total phenolic content was found
to be 292.13 + 45.93 mg/g of dried extract equivalent to standard gallic
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acid (R? = 0.997) [Table 1]. In the present study, hemorrhagic gastric
ulcers were induced in rats using ethanol as oral administration of
ethanol (1 ml/animal) in fasted rats induces many linear hemorrhagic
ulcers 1 h after administration.”!

The untreated disease control group of animal shows 32.33 + 9.27
ulcer index, whereas the test drug-treated group shows 7.00 + 4.60 and
7.17 = 4.75 ulcer index which is comparatively low as compared to the
disease control group. Similarly, the standard drug-treated group also
showed less ulcer index, i.e., 11.00 + 7.13. There was a 65.98% reduction
in the hemorrhage in the standard drug-treated rats as compared to the
disease control. Both the aqueous extract and the SDP have reduced the
hemorrhage by 78.35% and 77.82%, respectively, as compared to the
disease control rats.

Histopathology observation of stomach tissue showed pathological
degenerative changes in glandular stomach epithelium, mild
hyperkeratosis in nonglandular stomach, and necrotic changes in
the mucosa of nontreated disease control rats. Most importantly,
mild-to-moderate ulceration and hemorrhages in the mucosal surface
of the glandular stomach was prominent in the disease control rats. All
the above parameters of histopathology evaluated was either minimal
or mostly no abnormality detected in the standard drug- and C. odorata
extract-treated groups of rats [Figure 4].

Thrombocytopenia or reduction in number of platelets is associated
with bleeding which causes serious and life-threatening consequences.
Nowadays, herbal medicinal products are being given importance for
platelet augmentation as there are limited supportive treatments available
for thrombocytopenic disorders.”” Naturally, anemia or spontaneous
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Figure 3: Mice tail-bleeding time. (a) Bleeding time, (b) bleeding time with heparin

Table 1: Extractive yield and contents of polyphenols

Extractive percentage yield

Spray-dried percentage yield

Flavonoid content (mg/g) Phenol content (mg/qg)

Chromolaena odorata 29.1740.76

8.82+2.76

107.88+8.08 292.13+45.93

Data obtained in triplicate
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Figure 4: Histopathology of the stomach of rats. (a) Disease control,
(b) standard drug, (c) aqueous extract treated, (d) spray dried powder treated

severe bleeding leads to bone marrow suppression and bone marrow
being the manufacturing center of blood cells, and its suppression causes
deficiency of blood cells leading to low platelet count.

Therefore, to mimic natural thrombocytopenia, busulfan, an alkylating
agent, with myeloablative properties is administered through
intraperitoneal injection to produce significant reduction in platelet
count in Wistar rats which results in severe bleeding."*!

In the present study, 88.09% in the platelet count was observed in disease
control group on day 14 as compared to normal control rats. However,
there was 76.97% reduction in platelet count in aqueous extract-treated
rats as compared to normal control rats and 48.30% more than disease
control rats. There was 66.16% reduction in platelet count in SDP-treated
rats as compared to normal control rats and 64.81% more than disease
control rats. These results indicate that oral administration of C. odorata
extract can protect the bone marrow cells from busulfan and thereby
increase the platelet count and improve thrombocytopenia condition.
Heparin confers direct effects on blood coagulation by its ability to bind
and enhance the inhibitory activity of the plasma protein antithrombin
against factors ITa (thrombin), Xa, and IXa which are serine proteases of
the coagulation system.*? Heparin is commonly used for the prophylaxis
of venous thromboembolism and sizeable evidence suggest that heparin
benefits in the treatment of cancer and other inflammatory diseases.*!

Our aim was to observe whether the extract of C. odorata can reduce the
bleeding diathesis when administered with and without heparin in mouse
tail-bleed assay. The standard marketed drug, tranexamic acid, showed
19.58% reduction in the bleeding time of on normal mouse and 6.97%
in heparin-treated mice. The aqueous extract showed 67.44% reduction
in the bleeding time of on normal mouse and 58.81% in heparin-treated
mice. Similarly, the SDP-treated mice showed 50.06% reduction in the
bleeding time of on normal mouse and 69.77% in heparin-treated mice.
Absorbance of blood collected in saline was an indicator of blood loss;
therefore, it was measured in spectrophotometer at 600 nm [Table 2]. As
compared to normal control, the standard drug-treated mice showed a
reduction of 31.58% in the absorbance while the aqueous extract- and
SPD-treated mice showed a reduction of 59.12% and 56.14%, respectively.
Whereas, after injecting heparin, the standard group showed a reduction
of 16.80% in the absorbance as compared to heparin control while the
aqueous extract- and SDP-treated mice showed a reduction of 68% and
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Table 2: Absorbance of blood in saline at 600 nm

Groups Control Standard Aqueous SDP
extract treated
treated

Without 0.570+0.100 0.390+0.080 0.233+0.055 0.250+0.020

heparin

With heparin ~ 1.250+0.040 1.040+0.260 0.400+0.100 0.260+0.120

Data expressed as mean+SD. SD: Standard deviation; SDP: Spray-dried powder

79.20%, respectively, which indicated that blood loss was minimum in C.
odorata-treated mice.

CONCLUSION

It was rightly concluded by Vaisakh and Pandey, 2011, in their research
that Chromolaena or Siam weed in spite of its traditional medicinal use, it
never acquired the status of a medicinal herb. Rather, it is considered as a
noxious weed and tremendous efforts were always made to eradicate this
so-called invasive weed. During our study, the presence of considerable
flavonoid and phenol, especially tannins, indicates that the following
phytochemicals might play crucial role in arresting internal bleeding
from stomach ulcer, increasing the platelet count or protecting these
thrombocytes from destroying, and minimizing the bleeding diathesis
in heparin-induced mouse tail-bleeding model.
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