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ABSTRACT

The use of herbal preparations for staunching blood flow and reducing the risk
of vascular thrombosis is common worldwide. In this study, aqueous and methanolic
extracts of plants used to treat blood associated complaints were investigated to
determine their effects on red blood cell haemolysis and coagulation. The extent of
haemolysis was determined spectrophotometrically. Prothrombin time (PT) and
activated partial thromboplastin time (aPTT) as indicators of coagulation rate were
determined using a coagulatometer. All of the plant extracts tested had a significant
effect on coagulation time, prolonging the aPTT. Cassia petersiana had the greatest
prolonging effect on PT compared to the control, PBS. As all of the herbal extracts
tested had a delaying effect on coagulation, patients using herbal/plant therapies

should be cautioned to stop their medication before surgery.
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INTRODUCTION

Blood platelets play an exceptionally important role in the circulatory system
during haemostatic events due to their ability to aggregate and initiate coagulation’.
The end point of the coagulation cascade is the formation of a solid haemostatic plug
or clot from fluid blood, which diminishes blood flow from the damaged vessel and
maintains haemostasis'. The coagulation cascade is a complex system where
inactive precursors of clotting factors are activated through proteolysis — a process in
which each factor catalyses the formation of the next sequential factor. This cascade
occurs via one of two pathways: (i) the tissue factor (extrinsic) or (ii) contact
(intrinsic) pathway. Both pathways ultimately lead to the formation of a platelet clot,
which is required for repair of vascular damage4. Dysfunction in platelet activity can
have detrimental effects on the body’.

Increased coagulation is commonly associated with cardiovascular diseases
such as coronary heart disease and hypertension?®. Increased platelet activity causes
coagulation in static blood, i.e. a vascular thrombosis can form without vascular
damage®. If this thrombus should dislodge from the vascular endothelium and create
a blockage in circulation, it leads to a thromboembolism, which can cause ischaemic

loci and subsequent damage to the affected area®.



Decreased coagulation leads to a prolonged bleeding time when vascular
damage occurs due to the inability to form functional and stable clots. Reasons for
this include diseases such as haemophilia A or the use of drugs such as aspirin,
heparin and warfarin’. It can lead to episodes of severe bleeding, even from small
lacerations that can remain open for several days. Procoagulant treatment is
generally given, where missing clotting factors or vitamin K is administered to
improve the efficacy of the coagulation cascade’.

Various pharmaceutical compounds find their origins in plant material®. Salix
alba L. (Salicaceae) is used ethnomedicinally as an anti-inflammatory agent. It's
active phytochemical salicylic acid was later transformed into acetylsalicylic acid
(aspirin) which acts as a potent antiplatelet drug’. Novel anticoagulants can thus be
found in other plants. Jatropha curcas L., used as a haemostatic, is reported to have
procoagulant abilities at high concentrations, but anticoagulant activity at low
concentrations®. The Chinese formulation, ‘Yunnan Baiyao’ (which contains roots of
Panax notoginseng (Burkill) C.Y.Wu & K.M.Feng) was shown to reduce peri-
operative bleeding during cervical Iaminoplastym. Antiplatelet and anticoagulant
properties have been attributed to plants such as Achillea falcata L., Rhus verniciflua
DC., Umbilicaria esculenta (Miyoshi) Minks, Curcuma longa L. and Artemisia
dracunculus L. which are used ethnomedicinally in the treatment of haemorrhaging
or as anticoagulants®®""3,

Few studies have been carried out to determine the direct effect of plant
extracts on blood parameters such as haemolysis and coagulation. It is important to
be aware that the use of remedies can decrease the efficacy of the coagulation
cascade thus resulting in serious complications during surgical procedures. Many

South African plants are used ethnomedicinally for blood disorders or wound healing,



making it imperative to determine the validity thereof (Table 1). As there is little data
available on the latter, the aim of this study was to determine the haemolytic and
anticoagulant properties of nine South African plant extracts used to treat blood-

related disorders.

METHODS AND MATERIALS
1. Plant material
1.1. Collection

Plants were collected from the Limpopo Province and the identity of the
specimens was verified by Mr. P. Tshisikawe (University of the North). Voucher
specimens beginning with LT were accessioned to the Department of Toxicology
(Onderstepoort Veterinary Institute, Pretoria) and specimens starting with NH to the
Soutpansbergensis Herbarium (Louis Trichardt). Harpagophytum procumbens,
Medicago sativa and Salix alba, were used to prepare control extracts and were

bought from a health shop.

1.2. Preparation of extracts

Extraction was performed as described by Pallant and Steenkamp'. Plant
material was air-dried and ground (YellowLine Grinder, Merck Chemicals Co.) to a
fine powder. Aqueous and methanolic extracts were made by adding 10 g powdered
plant material to 100 ml relevant solvent. Extracts were sonicated in a water bath for
30 min after which they were incubated at 4°C for 24 h. The extracts were
centrifuged (10 min, 1000g) and the supernatant filtered (0.22 pum Millipore).
Aqueous extracts were lyophilized and the methanolic extracts were evaporated to

dryness in vacuo at < 40°C.



Gravimetric yields were performed to determine the percentage yield of the
plant material. The extracts were made up to a concentration of 2 mg/ml in PBS and

thereafter serially diluted (test range 1 mg/ml to 0.125 mg/ml).

2. Blood and blood parameters
2.1. Blood collection

This study was approved by the Ethics Committee of the Faculty of Health
Sciences at the University of Pretoria (ethics number 164).

Blood was collected from three healthy volunteers. For the haemolysis assay
the blood was transferred to centrifugation tubes containing 3.8% acid-citrate-
dextrose (1:9). For PT and aPTT, the blood was drawn directly into sodium citrate
evacuated blood tubes (Vacutainer, BD).

For the haemolysis assay the centrifugation tubes were centrifuged for 10 min
at 230g and the erythrocyte layer diluted to 10% in PBS. For the PT and aPTT
assays, platelet poor plasma (PPP) was obtained by centrifugation of sodium citrate

tubes for 15 min at 1500g.

2.2. Haemolysis measurements

Salicylic acid (Sigma Chemical Co) was dissolved in methanol in a ratio of 1:5
and then serially diluted in PBS (0.125, 0.25, 0.5 and 1 mg/ml).

Into 1,5 ml tubes was placed: 250 pl plant extract of varying concentrations
and 250 pl of a 10% erythrocyte suspension. Tubes were centrifuged for 10 min at
1000g and 37°C. An aliquot of 10 ul of the supernatant was added to the wells of a

96-well plate containing 165 pyl  PBS. Absorbance was determined



spectrophotometrically (ELx800 UV plate-reader, Bio-Tek Instruments, Inc.) at 540
nm. The extent of haemolysis was calculated using the equation:

A (sample) — A (PBS Control)
A100%

Percentage haemolysis =

A (sample) = absorbance of sample
A (PBS Control) = absorbance of PBS as negative control

A100% = absorbance of the distilled water as positive control

2.3. PT and aPTT tests

Tests were carried out using a Dade Behring BCT coagulometer (Department
of Haematology, NHLS). Into a BCT coagulation cup: 250 ul plant extract of varying
concentrations and 250 yl PPP was added. Samples were incubated for 5 min at
37°C.

For the PT test, 100 pl Thromborel® S (Dade Behring) was added to 50
PPP-extract mixture and clotting time measured using the coagulometer. For the
aPTT test, 50 pl Pathromtin® SL (Dade Behring) was added to 50 uyl PPP-extract
mixture, incubated for 1 min after which 50 pl of 0.025 mol/I calcium chloride (Dade
Behring) was added and clotting time measured using the coagulometer. Heparin

and PBS served as control.

3. Thin Layer Chromatography

For the detection of coumarins in the plant extracts, a mobile phase of diethyl
ether:toluene (50:50 v/v) saturated with 10% acetic acid was used. The mobile
phase was prepared by addition of 10% acetic acid to the diethyl ether:toluene, after
which the excess acetic acid was siphoned off. The extracts (+2.5 x 10 mg) were
spotted onto 10 x 20 cm Cqg silica gel plates (Merck). Warfarin (1 mg/ml) was
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included as standard. Visualization was performed by spraying with 5% methanolic
potassium hydroxide (5 g potassium hydroxide in 100 ml methanol) followed by
inspection under long wave (360nm) UV.

For the detection of salicylates a mobile phase of hexane:ethyl acetate:glacial
acetic acid (65:35:5 v/v) was used. The extracts (+2.5 x 10 mg) were spotted onto
10 x 20 cm Cqs silica gel plates. Salicylic acid (1 mg/ml) and acetylsalicylic acid (1
mg/ml) (Sigma Chemical Co.) were included as references. Visualization was by

means of long wave (360nm) UV.

4. Statistical analyses

All experiments were carried out in triplicate. Data was reported as mean %
standard deviation. Statistical analyses were performed on all samples by
comparison to the PBS control using the Mann-Whitney U test (a significance of p <

0.05 was used).

RESULTS AND DISCUSSION

Extracts of nine of the tested plants increased haemolysis significantly (p-value
< 0.05) relative to the control (Table 2). Salicylic acid, the methanolic extract of H.
Procumbens, and the aqueous extracts of Kigelia africana and Solanum
panduriforme E. Mey resulted in a significantly lower percentage haemolysis than the
control. S. alba and H. procumbens are two plants known to contain salicylic acid™.
The greatest haemolytic effect was observed in extracts of Solanum aculeastrum
Dun. In studies of livestock consuming M. sativa (Fabaceae) it was found that the
interaction of the plant with rumen bacteria caused an increase in haemolysis due to

the saponin content, which lowers the stability of cell membrane, resulting in lysis®.



Individuals suffering from glucose-6-phosphate dehydrogenase deficiency are also at
a higher risk of haemolysis when consuming beans from the Fabaceae family such
as Vicia faba L."”. Both Dalbergia melanoxylon Guill. & Perr. and Cassia petersiana
Belle. belong to the Fabaceae family and significantly increased haemolysis.

The prothrombin time (PT) and activated partial thromboplastin time (aPTT) are
indicators of coagulation and are used to determine the clotting of the tissue factor
and contact pathway respectively18. Standard clotting times for these two pathways
are between 12.5 and 13.7 s for PT and between 31 and 39 s for aPTT"™. The
methanolic extract of C. petersiana (Fabaceae) at concentrations of 0.25, 0.5 and 1
mg/ml showed a significant increase in PT (17 s, 50 s and no clot, respectively),
when compared to the control (13 s) (Figure 1). PT was also increased significantly
by D. melanoxylon (0.25 mg/ml; 18.5 s) and salicylic acid (0.5 and 1 mg/ml; 17.3 and
20 s, respectively)

Compounds known to suppress the extent of coagulation are the coumarins?.
M. sativa is known to have an inhibitory effect on coagulation, which is expected as it
does contain coumarins’. Warfarin is a coumarin that has the ability to inhibit
vitamin K-dependent clotting factors, such as clotting factors II, VII, IX and X". The
prolonged PT of plasma treated with C. petersiana, D. melanoxylon and salicylic acid
indicates an inhibition of the tissue factor pathway, which relies on the presence of
factor VII, which in turn relies on activation by vitamin K. Warfarin and other vitamin
K antagonists are known to lead to a prolonged PT"'®. The family Fabaceae is
known to contain coumarins, which correlates with the increased PT. However,
coumarins were not detected within C. petersiana using TLC (possibly due to
concentrations below the limit of detection)’’. No significant increase in PT was

noted for any of the other extracts tested.



Dihydroisocoumarins have been isolated from the roots of K. africana
(Bignoniaceae family) and these compounds have been found to elicit similar effects
to coumarins i.e. increase the PT?. In this study we could not detect any coumarins
in K. africana, though it’s prolonging of PT points to the possible presence of similar
compounds in the fruit. Furthermore, the family Bignoniaceae contains lapachol,
which is known to inhibit vitamin K-epoxide reductase, an enzyme involved in the
coagulation pathway?*?. Only the methanolic extract of M. sativa was found to
contain coumarins when compared to the warfarin control (Figure 2, Rf-value =
0.42), although it did not prolong the PT.

The methanolic extract of S. panduriforme was found to contain salicylates
(Figure 3, Rf-values = 0.82). Even though salicylic acid is reported to be presentin S.
alba and H. procumbens'®, we were not able to detect any salicylic acid in these
plants possibly due to concentrations being below the limit of detection of the method
used (6.25 x 102 mg/ml). During the haemolysis test it was found that a significant
decrease in haemolysis was found for salicylic acid at or above a concentration of
0.5 mg/ml. This decrease in haemolysis was also seen for S. panduriforme, S. alba,
H. procumbens and K. africana (which did not present with salicylates).

All extracts showed a significant increase in aPTT (Table 3). An increase in
aPTT is indicative that the inhibitory effect is via the contact coagulation pathway18.
As the contact pathway is controlled through the activation of a series of proteolytic
clotting factors, it could be deduced that these extracts had inhibitory effects on

these factors™ .



CONCLUSION

All of the plants tested in this study had significant anticoagulant activity. This
effect was primarily via the contact pathway of the coagulation cascade. It was
however not possible to determine which compound/s in the extracts were
responsible for the activity. The greatest anticoagulant activity was seen in C.
petersiana, which significantly increased both the PT and aPTT.

Normally surgical procedures require that any anticoagulant therapy should be
ceased prior to undergoing the surgery, as the prolonged clotting time increases the
risk of bleeding episodes. It is apparent that many plants and herbal preparations
have the ability to decrease the efficacy of the coagulation cascade in vitro, as was
proven in this study. This is an indication that herbals may have a significant effect
on blood parameters, though it is not conclusive as in vivo studies will be required to

determine true physiological effect.
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TABLES AND FIGURES

Table 1. Plants investigated in this study with purported effects on blood parameters

Plant Species
Kigelia africana (Lam.)
Benth.

Cassine transvaalensis
(Burtt Davy) Codd.

Parinari curatellifolia
Planch. ex. Benth.

Dichrostachys cinerea
(L.) Wright & Arn.

Cassia petersiana Belle.

Mundelea sericea Willd.
A. Chev.

Dalbergia melanoxylon
Guill. & Perr.

Medicago sativa L.

Harpagophytum
procumbens DC.

Salix alba L.

Solanum aculeastrum
Dun.

Solanum panduriforme E.

Mey.

Family

Bignoniaceae

Celastraceae

Chrysobalanaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Pedaliaceae

Salicaceae

Solanaceae

Solanaceae

Voucher
number
LT0023
LT0018
LT0010

NH1871

LTOO03
LT0025

LT0020

Health
shop

Health
shop

Health
shop
LT0017

LT0028
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Plant

Part

Fruit

Bark

Bark

Root

Roots

Roots

Bark

Leaves

Roots

Bark

Fruit

Fruit

Traditional Medicinal
Uses

Ulcer dressing®*
Haemorrhoids®
Wounds®®
Wounds®’

Stomach/tooth ache®

Purification after
abortion/miscarriage®

Prevent excessive
wound bleeding®

Mitigate premenstrual
syndrome, purported
anticoagulant effect

Contains coumarins'

Rheumatism, arthritis,
health tonic'®

Fever and aches
Contains salicylic acid’

Wounds®’

Wounds®®



Table 2. Extracts that had a significant effect on haemolysis (p < 0.05)

Extract Plant Concentration (mg/ml) | Haemolysis (%)
Aqueous C. petersiana 0.5 13.88 £+ 0.21
0.125 15.07 £ 0.95
0.25 15.67 + 0.55
Methanolic C. petersiana
0.5 20.46 +1.29
1 23.92 +0.54
. 0.5 13.99 + 0.95
Aqueous C. transvaalensis
1 14.59 + 0.21
0.125 14.24 + 0.41
0.25 14.12 £ 0.54
Methanolic | C. transvaalensis 05 1471+ 0.95
1 16.27 £ 1.15
0.25 14.60 + 1.03
Methanolic D. cinerea
1 14.47 + 041
Aqueous D. melanoxylon 1 14.83 £ 0.83
Methanolic | H. procumbens 0.5 11.48 £+ 0.62
1 11.72 £ 0.21
0.25 11.72 £ 0.42
Aqueous K. africana
0.5 11.84 + 0.36
0.5 126.60 £ 12.35
Aqueous S. aculeastrum
1 124.80 £ 50.3
0.25 73.21 £ 13.75
Methanolic S. aculeastrum 0.5 144.70 + 14.04
1 139.60 £ 8.49
Aqueous S. alba 0.5 15.55+£0.75
0.5 15.55 + 0.75
Methanolic S. alba
1 13.52 + 0.55
] 0.125 11.60 £ 0.42
Aqueous S. panduriforme
0.5 11.84 + 0.36
Methanolic S. panduriforme 0.5 11.25+£0.21
Control
PBS N/A 12.92 + 0.62
Salicylic acid 1 11.36 £ 0.54
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Table 3. Extracts that had a significant effect on aPTT (p < 0.05)

Concentration

Aqueous extract

Methanolic extract

Concentration

Aqueous extract

Methanolic extract

Plant (mg/ml) aPTT (s) aPTT (s) Plant (mg/ml) aPTT (s) aPTT (s)
0.125 59.67 £ 4.05 88.20 £ 9.03 0.125 52.33+3.54 52.83 £ 3.71
C. petersiana 0.25 65.33+6.77 196.50 £ 1.70 M. sericea 0.25 53.40 £ 1.60 52.87 £5.18
0.5 74.70 £ 4.56 no clot 0.5 54.50 + 3.69 52.20 £ 2.63
1 89.53 + 10.59 172.40 £ 0.00 1 58.77 £ 4.44 52.40 + 3.52
0.125 59.53 + 2.80 59.03 + 3.81 0.125 65.97 £ 7.98 62.90 + 5.37
C. 0.25 62.33 £ 5.29 67.90 + 3.81 P curateliifolia 0.25 71.73 £5.60 7290+ 8.14
transvaalensis 0.5 68.33 + 4.86 87.73 + 10.82 ' 0.5 84.93 + 12.66 116.90 + 16.71
1 137.40 £ 22.53 - 1 113.50 £ 17.18 165.20 £ 22.69
0.125 5473 +4.21 54.57 +4.74 0.125 52.90 +4.20 52.60 +4.16
D. cinerea 0.25 56.10 £ 3.59 56.13 £ 2.25 S. aculeastrum 0.25 52.23 + 3.81 53.00 + 3.54
0.5 55.87 £ 3.72 56.87 + 3.86 0.5 53.10 + 3.87 53.97 +4.26
1 58.13 £ 1.82 63.87 £4.11 1 56.27 + 4.51 54.30 + 2.69
0.125 78.70 £ 8.00 57.37 £ 6.53 0.125 59.37 £4.80 59.20 £ 3.25
D. melanoxylon 0.25 101.50 £ 11.01 55.77 £ 3.76 S. alba 0.25 63.63 +4.29 72.23+5.54
0.5 191.10 £ 10.14 56.77 £ 4.04 0.5 75.20 + 8.59 126.00 £ 13.54
1 no clot 56.27 £ 4.55 1 89.73+21.14 183.10 £ 22.36
0.125 53.43+2.73 5453 +2.71 0.125 51.53 £+ 2.63 51.23 +2.68
H. procumbens 0.25 54.00 £ 3.10 54.73 £+ 3.60 S._ 0.25 51.63+1.94 52.43 + 1.46
0.5 52.23 + 1.61 55.33+3.72 panduriforme 0.5 55.43 + 3.40 53.00 £ 1.97
1 52.00 + 2.66 55.47 £ 3.95 1 59.17 £ 3.00 52.73 £ 3.50
0.125 56.90 £ 5.80 56.03 £ 2.75 Control
K. africana 0.25 55.53 + 4.47 56.03 +£4.30 PBS N/A 26.5+5.69 -
0.5 58.13 £ 3.75 57.07 £ 3.65 0.125 53.07 £ 2.22 -
1 60.90 + 3.89 56.97 + 3.57 Salicylic acid 0.25 51.50 £ 3.75 -
0.125 50.20 £ 2.92 50.70 £ 2.75 0.5 52.53 +2.40 -
M. sativa 0.25 50.33 £ 3.31 52.50 £ 2.85 1 58.10 + 3.76 -
0.5 49.90 +1.95 49.63 £ 3.45
1 50.40 £ 2.74 51.20 £ 1.55




Figure 1. Effect of methanolic extracts of Cassia petersiana on prothrombin time (p < 0.05)
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Figure 2. Detection of coumarins by thin-layer chromatography. C18 plate,mobile phase diethyl
ether: toluene (1:1 v/v) saturated with 10% acetic acid. Lane 1: Aqueous extract of Medicago
sativa, lane 2: Methanolic extract of Medicago sativa,lane 3:Warfarin.

Rf=0.42

Warfarin

A M. sativa
M M. sativa
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Figure 3. Detection of salicylates by thin-layer chromatography. C18 plate, mobile phase
hexane:ethyl acetate:glacial acetic acid (65:35:5 v/v). Lane 1: Salicylic acid, lane 2:
acetylsalicylic acid, lane 3: aqueous extract of Solanum panduriforme, lane 4: methanolic
extract of Solanum

panduriforme.
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