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Abstract: To date, there is limited information on the coagulative and possible
haemostatic potentials of Persea americana extract. In light of this, the study was
aimed to investigate the haemostatic potentials of crude methanolic leaf extract of
Persea americana in Wistar rats using standard analytical methods. A total of
twenty-five adult male Wistar rats were arbitrarily distributed into five groups of
five rats each and kept under suitable conditions for acclimatization and feeding.
Group A was used as control and received feed and water only while various plant
extracts (with concentrations 200, 400, 600 and 800 mg/kg) were orally
administered on daily basis per body weight of animal in addition to normal feed
and water for thirty days to the test groups B-E. After 4 weeks, the animals were
sacrificed painlessly and blood samples were collected by retro-orbital plexus of
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the median canthus of the eyes. The prothrombin and activated partial
thromboplastin times (PT and APTT), clotting and bleeding times (CT and BT)
and plasma fibrinogen concentration were determined. Phytochemical screening
of the leaf extract revealed substantial percentage of alkaloids, saponins, tannins,
flavonoids, steroids and phenols. Results of the haemostatic potential showed a
dose-dependent significant decrease (P<0.05) in the PT, APTT, CT, and BT and a
slightly increase (P<0.05) in the plasma fibrinogen concentration when compared
with the control. This study suggested that the leaf extract of Persea Americana
had a stimulatory effect on intrinsic and extrinsic properties of the coagulation
cascade.

Keywords: Persea americana, phytochemicals, coagulation, haemostatic potentials.

Introduction
Blood coagulation is a well-studied process involving clot formation
at an injured blood vessel wall site.1 The coagulation cascade is a multi-step
process which functions in a well-coordinated manner to hold blood firmly
at an injury site and eventually stop bleeding. The cascade makes use of
over ten different proteins coagulation factors which are found in the blood
plasma. Usually, when there is a cut on the blood vessel either on the skin or
other internal injuries, the blood vessel constricts thereby limiting the
amount of blood flow through the vessel. Platelets are immediately
activated as typical response to these injuries. The platelets stick together
and to the wound site forming a plug with the help of a protein known as
von Willebrand factor (VWF).2 Furthermore, the protein clotting factors
will trigger the production of fibrin which is responsible for the formation
of a fibrin clot that confers an increased stability. After a while (days to
weeks), the clot is strengthened and further dissolved as the wounded blood
vessel heals. An abnormality in blood coagulation leads to prolonged
clotting time. Hence at trivial wounds, there would be excessive loss of
blood.
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Plants as ingredients of traditional medicine proved to be a valuable
source for various pharmaceutical drugs. More than 80% of the world’s
rural settlers use traditional medicine in their primary healthcare needs,
most of which are plants sources.3 Persea americana is a tree plant usually
called avocado or alligator pear. It is a large, spreading, evergreen tree with
an irregular dense crown that can vary widely in height according to variety.
It is a medium sized tree ranging from 15-20 m in height,4 belonging to the
family of lauraceae. The plant is native to Mexico but is also found in many
tropical countries including Nigeria. Persea americana is widely used in
medicine in order to alleviate some medical conditions such as
hypertension, diabetes, inflammation, etc.5,6,7 The leaves were used
successfully in the treatment of hypertension,8,6 sore throat, hemorrhages
and inflammatory conditions. Various activities of leaves components were
reported so far. Antihypertensive activity,4,9 anticonvulsant effect,10
analgesic and anti-inflammatory activities5 have been also reported.
Despite its reported therapeutic potentials, there is paucity of data on the
haemostatic activities which gave the insight for the present study.
Experimental
Procurement of experimental animals/Animal husbandry
A total of 25 male wistar rats (four month old) weighing 75-120 g
were purchased from the animal house, College of Medicine, University of
Nigeria, Enugu campus. These animals were housed in a clean and properly
ventilated wooden cage at room temperature, relative humidity of 20-40 %
with consistent 12 hours of natural dark and light cycles and fed with
specific feed and clean tap water ad libitum. The rats were allowed to
acclimatize for 14 days. The protocol and animal use for the experiments
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were conducted according to the National Institute of Health Guide for Care
and Use of Laboratory Animals (Pub No. 85–23, revised 1985) and with the
University of Nigeria Ethics Committee on the use of laboratory animals,
registered

by

the

National

Health

Research

Ethics

Committee

(NHREC/05/01/2020B).
Collection and identification of plant material
Fresh leaves of Persea americana was collected from a bush around
the University of Nigeria, Enugu campus and identified and authenticated.
The leaves were rinsed using distilled water and shade-dried. After drying
the samples were reduced into fine powder by grinding.
Sample preparation of extraction
Leaf extraction was done according to the method of Jantan.11 Fresh
leaves of Persea americana was washed in distilled water, shade-dried for
one month and milled into a coarse powder using a house-made mill. About
100 g of the dried leaves were macerated in 1 L of absolute methanol at a
ratio of 1:10 (w/v) and stirred for 1 hour at room temperature using an
orbital shaker rotating at 250 rpm. The crude extract was filtered through
Whatman filter paper No. 1 in order to obtain the residue. The residue was
re-extracted twice to obtain pure samples, and the three extracts were
combined. The resulted liquid was evaporated in a rotary evaporator at
40 oC under vacuum to lyophilize the crude extract and stored at -20 oC for
further analysis. Various concentrations (200 mg/kg, 400 mg/kg, 600 mg/kg
and 800 mg/kg body weight) of the plant extract were administered orally to
the rats in groups B to E respectively, while the control group received
normal feed and clean water. The administered extracts dosage was chosen
according to Ikewuchi.12
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Phytochemical screening of Persea americana leaves
Quantitative phytochemical screening of leaves was carried out
according to AOAC13 method.
Determination of LD50
To ascertain the lethal dose range as well as the safest range at
which the plant extract should be administered, the acute toxicity (LD50) of
the extract was determined. The methanol extract was administered in
normal saline solution. The test was carried out in two phases as according
to Lorke14 using a batch of 13 mice each one having an weight of 25 - 32 g.
In the first phase, the animals were divided into 3 groups of 3 mice each,
and the extract was administered at three different doses (10, 100 and
1000 mg/kg body weight). The treated animals were then monitored for one
day. Based on preliminary results obtained from this first trial, the
remaining animals were regrouped into 4 groups of one animal for second
phase of the test. In this phase, 4 doses of 800, 1600, 2900 and 5000 mg/kg
body weight were used and the animals were closely examined for next 24
hours.
The groupings and dosage of administration of Persea americana
leaf extract is shown in Table 1.

Treatment lasted for thirty days in

correspondence with the guiding principles for animal use in research.14
Table 1. Procedure for extract administration.
Group

Treatment

A (control)

Received normal feed and water daily for 30 days

B

Normal feed, water and 200 mg/kg
americana leaf extract daily for 30 days
Normal feed, water and 400 mg/kg
americana leaf extract daily for 30 days
Normal feed, water and 600 mg/kg
americana leaf extract daily for 30 days
Normal feed, water and 800 mg/kg
americana leaf extract daily for 30 days

C
D
E

oral dose of Persea
oral dose of Persea
oral dose of Persea
oral dose of Persea
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After oral administration of the leaf extract for 30 days, the five rats
in each group were fasted overnight and anesthetized using chloroform. The
rats were painlessly sacrificed by cardiac puncture and blood samples
collected into EDTA sample bottle. The anti-coagulated blood in EDTA
sample bottles was centrifuged at 1000 rpm for 10 minutes to obtain plasma
that was used for the analysis of prothrombin time, activated partial
thromboplastin time, clotting time, bleeding time and plasma fibrinogen
concentration. The process was repeated thrice for analysis on all samples.
Haematological indices
Prothrombin Time (PT)
The Quick’s one stage method was adopted. Homogenized
dehydrated plasma scan reagent (0.1 mL) (a freeze-dried calcium
thromboplastin reagent commercially prepared) was added into a test tube
containing 0.1 mL of plasma and was placed in water bath and allowed to
stand for 2 minutes. A warmed 0.1 mL of 0.025 mol/L calcium chloride was
added into the mixture. The test tube was gently tilted back and forth in the
water bath until a clot was formed and time was recorded.15
Activated Partial Thromboplastin Time (APTT)
In order to determine APTT values Proctor and Rapaport method16
was deployed. A well-mixed kaolin/ platelet substitute (0.1 mL) was added
into a test tube containing 0.1 mL of plasma. The mixture was incubated at
37 oC for 2 minutes and 0.1 mL of pre-incubated calcium chloride was
added and the clotting time was determined.
Bleeding Time (BT)
Bleeding time was estimated using Duke’s method with slightly
modification. A sharp puncture was made on the skin of the animal using a
lancet and the bleeding time was recorded. The skin puncture was dabbed
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with a filter paper after every 15 seconds until no stain on the filter paper
was seen. Thus the bleeding time was established.17
Clotting Time (CT)
Exactly 0.8 mL of blood was taken from each of the rats and splitted
into 0.2 mL volumes five different pre-heated glass test tubes and
maintained at 37 oC. The stopwatch was started as soon as the samples were
transferred into the test tubes. The tubes were continually tilted every 30 s
until the content stopped flowing when tilted at an angle of 90 oC and was
carefully observed until the blood clotted in each of the test tubes.18
Plasma fibrinogen concentration
The Ingram19 method with slight modifications was deployed in
determining the plasma fibrinogen concentration. Blood sample were
transferred using plastic syringes into a glass vessel containing 3.2% sodium
citrate. The sample was centrifuged for 10 mins to obtain plasma. Exactly
0.2 mL of the blood plasma were pipetted into a test tube and incubated in a
water bath for 4 minutes at 37 oC. About 0.2 mL of thrombin time-reagent
were transferred to test plasma, homogenized and the resulted clot harvested
using a wooden applicator stick. The resulting clot was mixed with acetone
an allowed to dry and harden for about 10 mins. Later the acetone was
removed and the clot placed on a filter paper. After acetone evaporation the
clot was then recovered and weighed.
Fibrinogen concentration of citrated plasma (mg⁄dl ) =

clot weight (mg)
plasma volume (dl)
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Statistical Analysis
Data were analyzed using statistical package for biological social
sciences (SPSS), incident 21.0 software. The results were expressed as
mean ± standard deviation, the comparison for significance between the
control and the experimental group was done by using analysis of variance
and the level of significance was P<0.05.
Results
Acute toxicity (LD50) of the leaf extract of Persea Americana was
above 5000 mg/kg as no death was recorded at the highest dose after 24
hours monitoring. There was no sign of weakness, anorexia or restlessness
observed within 24 hours monitoring.
The results of the phytochemical content of Persea americana
leaves is shown in Table 2, effect of the Persea americana extract on
haemostatic parameters are expressed in Tables 3 and 4 while the body
weight of rats displayed in Table 5.
Table 2. Phytochemical content of Persea americana leaves.
Parameters

Percentage (%)

Alkaloids

0.48±0.04

Saponins

1.42±0.05

Tannins

0.93±0.03

Flavonoids

7.66±0.35

Steroids

2.01±0.26

Phenols

3.20±0.12

Data are expressed as mean ± standard deviation.

Table 2 revealed that the percentage of flavonoid (7.66±0.35%) to
be greater than alkaloids (0.48±0.04 %) content.
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Table 3. Effect of extract on the Prothrombin time and activated partial
thromboplastin time.
Parameters
Group A Group B Group C Group D Group E
(control)
Prothrombin time (s) 14.4±0.6 13.5±0.2 11.0±0.3⃰ 11.5± 0.6⃰ 10.7±0.7⃰
Activated partial
43.5±1.8 35.7±0.8⃰ 29.5±1.5⃰ 27.8±3.9⃰ 23.3±1.1⃰
thromboplastin time (s)
Data are expressed as mean ± standard deviation. Values bearing ⃰ are considered
statistically significant at (P<0.05) when compared with control.

Table 3 displays that prothrombin time ranged from 10.7±0.7 to
14.4±0.6 s while activated partial thromboplastin time ranged from 23.3±1.1
to 43.5±1.8 s.
Table 4. Effect of extract on clotting time, bleeding time and plasma
fibrinogen concentration.
Parameters
Clotting time (s)
Bleeding time (s)
Plasma fibrinogen
concentration
(mg/dL)

Group A
(Control)
324.7±5.2
117.2±2.6
215.3±2.8

Group B

Group C

Group D

Group E

97.3±3.5* 81.5±1.8⃰
84.6±12.4⃰ 80.8±2.6⃰
232.3±5.9* 256.2±3.4⃰

68.3±2.1⃰
72.5±1.6⃰
268.7±4.1⃰

51.3±1.2⃰
60.2±1.9*
276.0±3.3⃰

Data are expressed as mean ± standard deviation. Values bearing ⃰ are considered
statistically significant at (P<0.05) when compared with control.

According with Table 4 the clotting time ranged from 51.3±1.2 to
324.7±5.2 s, bleeding time ranged from 60.2±1.9 to 117.2±2.6 s while
plasma fibrinogen concentration ranged from 215.3±2.8 to 276.0±3.3 s.
Table 5. Effects of extracts on the body weight of the rats.
Treatment Day 1
Day 7
Day 14
Control
110.30±3.75 112.13±3.35 109.25±4.82
200mg/kg
108.85±3.65 113.17±3.47 120.95±4.06
400mg/kg
109.38±2.82 115.64±3.64 119.50±2.82
600mg/kg
112.52±4.04 117.40±2.23 121.57±4.09
800mg/kg
118.43±5.67 123.10±5.20 125.32±6.42
Data are expressed as mean ± standard deviation.

Day 21
110.75±4.43
124.75±4.67
123.70±5.32
125.4.87±4.17
129.42±6.28

Day 28
113.56±7.55
126.08±3.34
128.25±5.31
130.41±4.22
133.32±5.45
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Table 5 revealed a steady increase in the body weight of rats as the
extract dose increased.
Discussion
The phytochemical screening of Persea americana leaf revealed the
presence of alkaloids, tannins, flavonoids, saponins, steroids and phenols
(Table 2). Arukwe et al.20 had earlier revealed the qualitative determination
of phytochemical constituents of the leaf, fruit and seed of Persea
americana. Tannins are inhibitors of digestive enzymes and form protein
complexes,20 while flavonoids are acting as antioxidants and free radical
scavengers that slow down oxidative cell damage and inhibit the activities
of carcinogens.20 Tannin value recorded in this study was lower when
compared to the studies on analysis and phytochemical screening of fluted
pumpkin (Telfairia occidentalis) pod.20,21 Moreover, the percentage of
flavonoids obtained in this study was lower than the findings of Arukwe et
al.,20 but higher than the ones of Akwukwaegbu et al.21
The results from the laboratory analysis of the PT and APTT were
illustrated in Table 3. The results revealed that there was a significant
decrease (P<0.05) in the PT in groups C, D and E, when compared with the
control, but was insignificant in group B. Similarly, there was a significant
decrease in the activated partial thromboplastin time (P<0.05) for all test
groups when compared with the control. The decrease could be said to have
occurred in a dose dependent manner with the rats in group E recording the
lowest value for both parameters.
The process involved in the transformation of blood from a liquid
state to a solid state requires a chain of enzyme activation and inhibition.22
Over the course of time, blood coagulation turned out to be a highly
sophisticated defense mechanism able to detect body’s injuries and prevent
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death by excessive blood loss.23-27 The ethnomedicinal use of plant extracts
in preventing excessive blood flow in the event of an injury is a common
worldwide old practice. In this study, the effects of methanolic extracts of
Persea americana was investigated to ascertain the extent to which they can
affect some of the haemostatic parameters (prothrombin time, activated
partial thromboplastin time, clotting time, bleeding time, and plasma
fibrinogen concentration) analyzed in the work. The study paid specific
attention to how much these indices prolonged or shortened these
haemostatic indices frequently used in ascertaining coagulation rates. They
are used in clinical chemistry to evaluate the ability of blood to form clots
appropriately within a specific period of interval and also to assess the
amount and function of proteins referred to as coagulation factors as key
elements of blood clot formation. The PT test evaluates how well all of the
coagulation factors, such as factors I (fibrinogen), II (prothrombin), V, VII
and X are working together. PT/INR and APTT estimation is useful in order
to evaluate the clotting factors. These proteins (XII, XI, IX, VII, X, V,
II-Prothrombin and I-fibrinogenas well as prekallikrein -PK and high
molecular kininogen-HK) are part of the extrinsic and common pathways.
One deficiency is associated with prolonged parameters. From the result, it
was seen that the values of PT decreased as the dosage of the extracts
increased and was statistically significant following the administration of
400 mg/kg , 600 mg/kg and 800 mg/kg of the extracts, when compared with
the control group (P<0.05). The APTT values on the other hand were seen
to decrease as well, and showed a statistical significance difference at the
administration of dosage 200 mg/kg, 400 mg/kg, 600 kg/mg, 800 mg/kg of
the plant extract. According to other studies, the decrease in the values of
PT and APTT could be attributed to actions of some phytochemical

92

George C. Anigbo et al.

parameters resident in the plants such as tannins and flavonoids which have
been known to promote coagulation.28 Tannins might regulate haemostatic
activity of plants being involved in bleeding arrest by precipitating proteins
and forming vascular plugs.28 The findings on the PT and APTT obtained
in this study agree with the report of: Essien et al.29 who observed a
decrease in PT and APTT by Fagara xanthoxyloides extract, Bamidele et
al.18 on haemostatic effect of methanolic leaf extract of Ageratum
conyzoidesin albino rats and Nor et al.30 who observed the in vitro
antiatherothrombotic effects of extracts from Berberis vulgaris L.,
Teucriumpolium L., and Orthosiphonstamineus benth. However, the result
correlates with a study conducted on blood coagulation activities of the leaf
extracts of Ocimum gratissimum reported by Edemeka et al.31
The effect of extract on clotting time, bleeding time and plasma
fibrinogen concentration are shown in Table 4. From the result, it was seen
that the plant extract significantly reduced (P<0.05) the clotting time and
bleeding time in all the test groups when compared with the control. On the
contrary, the extract significantly increased (P<0.05) the plasma fibrinogen
concentration in the test groups when compared with the control.
Clotting time is the time required for a sample of blood to coagulate
under standard conditions while bleeding time is used to ascertain how
quickly the blood clots in other to stop bleeding. Bleeding time is used in
the laboratory to assess platelet function. It seeks to measure the factors
involved in the intrinsic pathway of the coagulation cascade.17,32 If one of
the coagulation factors in the intrinsic pathways such as factor I, II, V, VIII,
IX, X, XI or XII is deficient, the test values of clotting time will be affected.
The result on the clotting time and bleeding time obtained in this study was
in line with the work of Okoli et al.,28 on the haemostatic activities of
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Aspilia africana extracts. People with hemophilia lack certain clotting
factors which are essential for blood clotting.
Fibrinogen is synthesized in the hepatocytes and it plays an essential
role in platelet aggregation. It is one of the crucial plasma protein
coagulation factors. If the concentrations of plasma fibrinogen are typically
low, there would be an associated risk of bleeding as a result of impaired
haemostasis.
The body weights of the rats were taken at the end of the 7th day
throughout the period of the study and from the result, it can be seen that the
body weights increased relatively from the 7th day through to the 28th day
(Table 5). The control group had no significant increase in their body
weights. The increase in body weights could be attributed to the
administration of the extract which possibly stimulated appetite in the rats
and enhanced their food intake.
Conclusions
In conclusion, methanolic extract of Persea americana leaves
decreased prothrombin time, activated partial thromboplastin time, bleeding
time, clotting time and increased plasma fibrinogen concentration. This
appropriately lends support in its use in traditional medicine practice for
wound healing and in the management of bleeding disorders. There is room
for further research on the fractionation and isolation of the bioactive
compounds in plant extract responsible for the coagulation properties.
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