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Abstract: The study of changes in haematologic parameters and possible adverse reactions following the
administration of aqueous leaf extract of Terminalia catappa was carried out on male albino Wistar rats The
experimental animals were randomly distributed into three (3) groups of five (n=5) rats per group. Group 1
served as control and was administered normal deionized water orally at a dose of 5ml/kg body weight. Group
2 and 3 animals were administered with aqueous extract of Terminalia catappa at a dose of 40mg/kg body
weight as low dose and 120mg/kg body weight as high dose by oral gavaging. The body weight of the animals
were taken daily and the study lasted for 17 days. The results showed that aqueous extract of Terminalia
catappa has no significant change in the mean value of red blood cell count when compared with control, but a
significant decrease (p<0.05) in the white blood cell and platelets when compared to control was obtained.
Agranulocytosis and thrombocytopenia were observed as the possible adverse reactions associated with the
extract. Therefore, aqueous crude extract of Terminalia catappa might possess some adverse reactions capable
of disturbing the body defence system and haemostasis
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I.  Introduction

Blood is an important component of homeostatic mechanism and it is regulated at a normal range in
order to carry out its functions. Changes in some blood parameters serve as important indicators of the harmful
effect of substances like drugs, chemicals as well as disease conditions (Coffey et al., 2017). Hematologic
disorders have long been a potential risk of modern pharmacotherapy (Rao, 2014). Some agent causes
predictable hematologic disease, but others induce idiosyncratic reactions not directly related to the drugs’
pharmacology. The most common drug-induced hematologic disorders include aplastic anemia, agranulocytosis,
megaloblastic anemia, hemolytic anemia, and thrombocytopenia (Hine, 1990; Rao, 2014). Several drugs have
been studied and reported to have variable hematologic effects, drugs such as antibiotics (Chen et al., 2012),
anti-cancer drugs (Muravyova, et al., 2016) anti-inflammatory drugs (Trnkova et al., 2007), sulfonamides
(Heimpel and Raghavachar, 1987) among many others have been reported to induce varying degrees of effect
on blood. Although drug-induced hematologic disorders are less common than other types of adverse reactions,
they are associated with significant morbidity and mortality (Rao, 2004). Studies have shown that death due to
hematologic disorders is mainly caused by aplastic anemia followed by thrombocytopenia, agranulocytosis, and
hemolytic anemia (Hine et al., 1990). On the other hand, incidence of idiosyncratic drug-induced hematologic
disorders varies depending on the condition and the associated drug (Rao, 2014). Few epidemiologic studies
have evaluated the actual incidence of these adverse reactions, but these reactions appear to be rare (Rao, 2014).
Adverse effects of drugs may be produced through toxicity, by an immunological process, by inhibiting the
action of important enzymes, by decreasing the absorption of substances essential for normal hematopoiesis, or
by as yet unknown mechanisms (Yunis, et al., 1980; Young and Maciejewski, 1997, Lichtman, 2010). Similar
to most other adverse drug reactions, drug-induced hematologic disorders are more common in elderly adults
than in the young and the risk of death also appears to be greater with increasing age (Cahir et al., 2014).
However, women are generally more susceptible than men to the hematologic effects of drugs and the incidence
also varies based on geography, which suggests that genetic differences may be important determinants of
susceptibility (Rao, 2004).

Besides the use of conventional medicine, reliance on medicinal plants for therapeutic purposes have
been on the rise globally (Ekor, 2013) and different plant parts are in use and they contain several active
compounds which posses therapeutic potentials useful for both traditional medicine and as source for orthodox
medicine (Gregory, 2004). These active ingredients elicit their therapeutic effect in mechanisms similar to that
of conventional drugs (Tapsell et al., 2006). Some secondary metabolites domicile in medicinal plant had shown
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robust biological effect (De-Fatima et al., 2006). In various locations in Nigeria, a wide range of plant species
are put to use in the treatment of diseases (Nwaeze, et al., 1986). One of the medicinal plants with huge
therapeutic claims is Terminalia catappa (Indian almond) and it is extensively used throughout the tropical areas
of Africa, Asia and Australia (Venkatalakshmi et al., 2016). The leaf extract of Terminalia catappa has been
reported to have therapeutic effect in the treatment of liver disease (Chiu and Chang, 1986), dermatitis and
hepatitis (Lin et al., 1997), inflammation (Pawar et al., 1997; Fan et al., 2004) diabetic mellitus (Ahmed et al.,
2005, Koffi et al., 2011), headache and colic (Morton, 1985). Following the extensive use of medicinal plants
which is supported by WHO, appropriate survey for adverse effects of these medicinal plants is also
recommended by WHO (WHO Dept. of Essential Drugs and medicine policy, 2004). Therefore, though the
therapeutic uses of the leave extract of Terminalia catappa have been supported by many scientific researches, it
becomes necessary to assess the haematological parameters in relation to the possible adverse reactions
associated with this extract.

1. Materials And Methods

Preparation of plant extract

Fresh leaves of Terminalia catappa were collected at the premises of the University of Uyo and the
area was free of pesticides and other contaminants. The leaves were authenticated by a botanist at the
Department of Botany and Ecological studies, University of Uyo. The leaves were then washed with clean water
to remove debris. The water was blotted out and kept over night at room temperature to dry up. The clean leaves
were pulverized and 5000g of the pulverized leaves was soaked in 5 litres of deionised water for 18 hours. The
mixture was filtered using muslin cloth and evaporated to dryness using thermostatic water bath at 45°C until a
semi solid paste was obtained. 204.18g of the extract was obtained after evaporation which represent a
percentage yield of 4.08% and the extract was stored in refrigerator for later use.

Preparation of experimental animal

Fifteen (15) healthy male albino Wistar rats weighting between 150-200g were used for the study. The
animals were procured from the animal house, Faculty of Basic Medical Sciences, University of Uyo and were
housed in a well ventilated cage in the animal house. They were allowed to acclimatize for two weeks and
maintained in a 24 hours dark and light cycle. The animals were fed with standard pellets (from Guinea Feeds,
Plc Nigeria) and have access to water ad libitum.

Experimental design

The experimental animals were randomly distributed into three (3) groups of five (n=5) rats per group.
Group 1 served as control and was administered normal deionized water orally at a dose of 5ml/kg body weight.
Group 2 and 3 animals were administered with aqueous extract of Terminalia Catappa at a dose of 40mg/kg
body weight as low dose and 120mg/kg body weight as high dose respectively by oral gavaging. The body
weight of the animals were taken daily and the feed were measured before and after feeding daily. The study
lasted for 17 days.
Collection of blood samples

At the end of the experiment, blood samples were obtained from the experimental animal 24 hours after
the last extract administration. The animals were sedated with chloroform vapour and blood was collected by
cardiac puncture. Blood sample from each animal was emptied into EDTA sample sequestered bottle. The
bottles were gently turned to mix adequately with the anticoagulant in preparation for analysis of various
parameters.

Determination of haematological parameters

Sample blood from each of the bottle was used for the analysis of haematological parameters. Standard
laboratory procedures for auto-heamatological analysis were employed using Midray haematological auto-
analyser (model BC5300, serial number OA-101505, Germany). The result for each parameter was obtained in a
print out from the analyser.

Statistical analysis

Data were analysed via Statistical Package for Social Science (SPSS) software version 20.0 (SPSS Inc.
Chicago, IL) and Microsoft excel. Results were represented using tables and discrete variables are represented in
percentages. Descriptive analysis i.e. comparison of mean was via analysis of variance (ANOVA). The results
were presented as mean + standard error of mean (SEM) and the values of p<0.05 were considered significant.
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I11. Results

Red blood cell count (RBC)

The result of the effect of Terminalia catappa extract on the red blood cell count is shown in figure 1.
The mean value for red blood cell (RBC) count in control group was 7.48 + 0.14 (x 10™/L), the red blood cell
count for extract treated groups were 7.08 + 0.14 (x 10'%/L) and 7.86 + 0.31 (x10'/L), for group 2 and group 3
respectively. A comparison of the result of the test group with that of control group showed some marginal
changes which were reduction in low dose group and increase in high dose group but these differences were not
statistically significant.
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Flgure 1. Red blood cell count In extract treated rats compared
with control. values are mean SEN. P = 0.05

White blood cell count (WBC)

In figure 2 the results of the effect of the extract on the white blood cell (WBC) count is represented.
The low dose (group 2) result was 8.42 + 0.52 (x10%/L) and this was a significant (p<0.05) reduction when
compared to the mean value of 15.7 +0.91 (x10%L) in the control group. Also there was a significant reduction
(p<0.05) in group 3 (higher dose) to mean value of 12.04 + 0.07 (x10%L) when compared with control.
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Figure 2. Vwhite blood cell count In extract treated rats compareda
with controd. walues are mean = SEWL ** p-c 0.01,. -~ p - 0.05

Changes on platelet count (PLT)

The platelet count following the administration of Terminalia catappa extract is shown in figure 3. The
platelet (PLT) count of the control group was 838+19.89 (x 10%L) and in comparison with the mean value of
the low dose group 414.6+18.34 (x 10°/L) there was significantly (p<0.001) decreased in the extract treated
group. Also, the mean value of group 3 (high dose extract treated) was 736.6+16.22 (x 10%/L) and this was also
significantly reduced at p<0.001. However, the level of reduction in group 3 was not as much as that of group 2

DOI: 10.9790/1959-0801068086 www.iosrjournals.org 82 | Page



Changes in Haematological Parameters and Possible Adverse Reactions of Terminalia Catappa....

Clcontrol
Ellow dose
1000 - A high dose

200 -

200 -

700

600 -

S00

o

400

Ratelets(imd

200 -+

200 -

100

low dose high dose

Figure Z. Platelet count in extract treated rats ompared
with control. Values are mean £ SEM. *p = 001, * p= 0.035

Changes in haemoglobin (HB) concentration

The result of the haemoglobin concentration after the administration of aqueous extract of T. catappa is
shown in table 1. The mean value of haemoglobin in the control group was 14.38 £ 0.22 g/dl. Comparing this
with the results of group 2 and 3, which have mean values of 13.41 + 0.40 g/dl and 15.34 + 0.47 g/dI
respectively showed slight changes which were not statistically significant.

Tablel. Haematological indices in rats treated with extract compared with control.

Indices Control Low dose High dose
Haemoglobin (g/dl) 14.38 + 0.22 13.41 +0.40 15.34 +0.47
Packed Cell VVolume (%) 43.0 +0.94 40.2 +0.87 458+15
Mean Corpuscular Volume 57.6 +0.61 56.6 +0.73 58.2+1.24
(fL)
Mean Corpuscular 19.4 +0.22 18.8 +0.44 19.6 + 0.46
Haemoglobin (pg)
Mean Corpuscular 33.4+0.36 33.8+0.18 33.6+0.22
Haemoglobin
Concentration (g/dl)

Values are mean + SEM, p< 0.05

Changes in packed cell volume (PCV)

The data obtained for packed cell volume is presented in table 1. A mean value for low dose and high
dose groups were 40.2 + 0.87 % and 45.8 £ 1.5%. These in comparism with the mean value of the control group,
43.0 £ 0.94% showed that there was a reduction in the packed cell volume of group 2 but this was not
significant statistically.

Changes on haematological Indices

Changes observed in the haematological indices are shown in table 1. Starting with the Mean
Corpuscular Volume (MCV), the mean value for group 1 was 57.6 + 0.61(fL) while that of group 2 and 3 were
56.6 £ 0.73 (fL) and 58.2 + 1.24 (fL) respectively.

The results of the extract treated groups were not statistically significant when compared with the
control group. On the mean Corpuscular haemoglobin (MCH), the result showed that group 2 (lower dose) has a
mean value of 18.8 + 0.44 pg. and group 3 (higher dose) has a mean value 19.6 + 0.46 pg. Comparing theses
values with 19.4 +0.22 pg from control group showed no significant difference.

The mean corpuscular haemoglobin Concentration (MCHC) of the control group was 33.4 + 0.36
(g/dl). The extract treated groups MCHC values were 33.8 = 0.18 (g/dl) and 33.6 + 0.22 (g/dl) for group 2 and
group 3 respectively. The result when tested statistically did not show any significant difference.
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IV. Discussion

The study of changes in haematologic parameters and possible adverse reactions following the
administration of aqueous leaf extract of Terminalia catappa was carried out on male albino Wistar rats. The
results of the study on the red blood cell (RBC) count showed no significant difference between the test groups
and the control group. However, marginal changes were observed in the red blood cell count in the test groups
but the changes were not significant. This suggest that the extract therefore does not have significant effect on
erythropoiesis and cannot be used in treatment of anemia. The results also showed that there were no significant
changes in the packed cell volume (PCV), haemoglobin level (Hb), Mean Corpuscular Volume (MCV), Mean
Corpuscular Haemoglobin (MCH) and Mean Corpuscular Haemoglobin Concentration (MCHC). These results
collaborated with the non-significant changes in MCV reported by Schecter et al., (1987), Contran et al., (1999)
and the study of Ibegbulem et al, (2011) who reported that there were no significant changes in the packed cell
volume (PCV), but is contrary to the findings of Aimola et al., (2011) who reported elevation of packed cell
volume and enhancement of intracellular haemoglobin content in Balb mice. The difference may however be
due to the method of extraction as this was a methanolic extract of Terminalia catappa leaves while the present
work is with aqueous extract.

Adverse reactions of drugs associated with Red blood cell includes drug-induced immune hemolytic
anemia, drug-induced oxidative hemolytic anemia, or drug-induced megaloblastic anemia (Rao, 2014), while
drugs used as hematinics increases the RBC count and other red cell parameters (Seeber,and Shander. 2012).
Thus the extract may neither cause adverse reactions in relation to various types of anemia nor become useful in
the treatment of anemic condition since none of the red blood cell parameters was either positively or negatively
affected.

In consideration of the effect of the extract on the white blood cell (WBC) count, it was observed that there was
a significant reduction in WBC both in the low dose and the high dose groups. This result disagrees with the
work of Ibegbulem et al., (2011) who reported that there was no significant change in the white blood cell
counts in albino Wistar rats given Terminila catappa leaves decoction in place of water. But there was
agreement with a similar work carried out by Muhammad and Oloyede (2009) who reported a significant
reduction in the white blood cell count in broiler chicks fed with raw Terminalia catappa seed meal-based diet
and Aspergillus niger fermented Terminalia catappa seed meal-based diet. The result also agrees with the
findings of Aster and Kumar (1999), Nelson and Cox (2000) who reported a significant decrease in the white
blood cell count in rats. A decrease in white blood cell count following a drug therapy leads to agranulocytosis
which is an adverse reaction.

The cause of drug-induced agranulocytosis is not fully understood, but two mechanisms namely direct toxicity
and immune-mediated toxicity have been proposed (Pea and Cojutti, 2015). Direct toxicity to myeloid cells has
been shown with medications such as chlorpromazine, procainamide, clozapine, and diclofenac (Rao, 2014).
The toxicity may be due to either the parent drug or a toxic metabolite or by-product.

Agranulocytosis due to direct toxicity is usually associated with a slower decline in neutrophils (Youg,
2000; Tesfa et al., 2009; Pontikoglou and Papadaki 2010) while the immune-mediated subset of
agranulocytosis, can use hapten mechanisms of toxicity (Rao, 2014). The hapten mechanism involves the drug
or its metabolite binding to the membrane of neutrophils or myeloid precursors (Rao, 2014). After binding,
antibodies are induced that destroy the cell. Although the mechanism by which the extract might affect the white
blood cells is not yet understood, it is possible for one or more of the active constituent to employ the direct or
hapten mechanisms of toxicity to induce a significant reduction of White blood cell. Therefore, extract induced
reduction in WBC count at normal condition implies a serious risk to the body defence system in a healthy state
but this may be beneficial in abnormal health conditions associated with raised White blood cell count.

Moreover, the platelet count result showed a significant reduction in both low dose and high dose
groups with the effect more marked in low dose group. This result collaborated with the work of Muhammad
and Oloyede (2009) who reported a platelet count reduction in Terminalia catappa seed meal-based diet
administration. Decreased platelet count is one of the haemolytic disorders of modern pharmacology (Hine
1990; Kamakshi 2004). Drug-induced thrombocytopenia can result from immune-mediated and non immune-
mediated mechanism (George et al., 1998). Non immune-mediated mechanisms, such as direct toxicity- type
reactions, cause bone marrow suppression leading to suppressed thrombopoiesis and a decreased number of
megakaryocytes (Rao,2014). But in immune-mediated drug-induced thrombocytopenia, hapten type reactions
which involves covalent binding of the offending drug to certain platelet G-proteins. Then antibodies are
generated that bind to the platelet surface and lysis occurs through complement activation or through clearance
from the circulation by macrophages (Aster, 1999; Aster and Bougie, 2007; Aster et al., 2009). Hapten-
mediated immune thrombocytopenia usually occurs at least 7 days after the initiation of the drug, although it can
occur much sooner if the exposure is actually a re-exposure to a previously administered drug (Reese et al.,
2010). The recovery period, after the suspected drug is discontinued, is often short in duration with a median
recovery time within 1 week (Reese et al., 2010). The duration of the extract administration is observed to be
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within the range of time for hapten type reaction. This is suggestive of involvement of hapten type of
mechanism for adverse reaction by Teminalia catappa although this is not yet ascertaining. Thus the result
suggests an extract induced thrombocytopenia and might be detrimental to the body haemostasis haemostasis.

In conclusion, the aqueous extract of Terminalia catappa has no effect on red blood cell count but
decreases the white blood cell and platelets counts in healthy rats. These suggest a state of agranulocytosis and
thrombocytopenia as the possible haemolytic adverse reactions associated with the extract as observed in normal
rats. Thus the medicinal use of aqueous crude extract Terminalia catappa could have some adverse reactions
which affects the body defence system and haemostasis.

V. Conclusion
A severe reduction in the number of white blood cells and abnormally low thrombocytes are the
observed possible adverse effects associated with the use of the extract. Therefore, aqueous crude extract of
Terminalia catappa leaf extract may possess some adverse effect capable of altering the immune status of the
individual hence caution should be taken in the use of this extract for any therapeutic or prophylactic benefit.

References

[1]. Ahmed, S., Swamy, V., Dhanapal, G. and Chandrashekara, V. (2005) Anti-diabetic Activity of Terminalia catappa Linn. Leaf
Extracts in Alloxan-Induced Diabetic Rats. Iranian Journal of Pharmacology and therapeutics,4:36-39.

[2]. Aimola, 1., Inuwa, H., Mamman, A., Habila, N., Agbaji, A. and Omoniwa, D. (2011) Terminalia catappa Extract Enhances
Erythropoiesis in Adult Balb C Mice. Journal of Molecular Biology Research, 1 (1) 40-46

[3]. Aster, J. and Kumar, V. (1999). White cells, lymph nodes, spleen, and thymus. In: Cotran et al (eds) Robbins pathologic basis of
disease, 6th edn. W.B. Saunders, Philadelphia. Pp. 644-695.

[4]. Aster, R. (1999) Drug-induced immune thrombocytopenia: an overview of pathogenesis. Seminars in Hematology; 36 (1):2-6.

[5]- Aster, R. and Bougie, D. (2007) Drug-induced immune thrombocytopenia. New England Journal of Medicine.; 357:580-587.

[6]. Aster, R., Curtis, B., McFarland, J. and Bougie, D. (2009) Drug- induced immune thrombocytopenia: Pathogenesis, diagnosis, and
management. Journal of Thrombosis and Haemostasis; 7:911-918.

[7]. Bruce, A. (2012) “Table 22-1 blood cells”. Molecular biology of the cell. NCBI Bookshelf. Retrieved 10 August 2017.

[8]. Cahir, C., Bennett, K., Teljeur, C. and Fahey, T. (2014) Potentially inappropriate prescribing and adverse health outcomes in
community dwelling older patients. British Journal of Clinical Pharmacology; 77:201-10

[9]. Chanda, S., Rakholiya, K. and Nair, R. (2011) Antimicrobial Activity of Terminalia catappa L. Leaf extracts against Some
Clinically Important Pathogenic Microbial Strains. Chinese Medicine, 2 :171-177

[10].  Chen, G., Fei, X. and Ling, J. (2012) The Effects of Aminoglycoside Antibiotics on Platelet Aggregation and Blood Coagulation
Clinical and Applied Thrombosis/Haemostasis; 18 (5), pp. 538 — 541

[11].  Chiu, N. and Chang, K. (1986) “The Illustrated Medicinal Plants of Taiwan,” SMC Publishing, Inc., Taipei, Vol. 1, p. 129

[12]. Coffey, L. L., Pesavento, P. A., Keesler, R. 1., Singapuri, A., Watanabe, J. Watanabe, R., Yee, J., Bliss-Moreau, E., Cruzen, C.,
Christe, K. L., Reader, J. R., von Morgenland, W., Gibbons, A. M., Allen, A. M., Linnen, J., Gao, K., Delwart, E., Simmons, G.,
Stone, M., Lanteri, M., Bakkour, S., Busch, M., Morrison, J. and Van Rompay, K. K. A. (2017). Zika virus tissue and blood
compartmentalization in acute infection of Rhesus Macaques. PLOS ONE. 12(1): e0171148.

[13]. Cotran, R., Kumar, V. and Collins, T. (1999). Robbins pathologic basis of disease, 6th edn. W.B. Saunders, Philadelphia.

[14]. De-Fatima A, Modolo, L., Conegero, L., Pilli, R., Ferreira, C.V. and Kohn L. (2006) Lactones and their derivatives: biological
activities, mechanisms of action and potential leads for drug design. Current Medicinal Chemistry; 13:3371-3384.

[15].  Ekor, M. (2013) The growing use of herbal medicines: issues relating to adverse reactions and challenges in monitoring safety;
frontier pharmacology, 4:177.

[16]. Fan, M., Xu, L., Gao, J., Wang, Y., Tang, X., Zhao, X. and Zhang, Z. (2004) “Phytochemical and Anti-Inflammatory Studies on
Terminalia catappa,” Fitoterapia,75, (3-4) 253-260

[17]. Fathima, S. and Farhath, K. (2017). Blood cells and leukocyte culture- A short Review. Blood Research and Transfusion Journal.
1(2): 001-002.

[18]. George, J., Raskob, G. and Shehla, R. (1998) Drug induced thrombocytopenia: A systematic review of published case reports.
Annals of Internal Medicine; 129:886-890.

[19].  Gregory, J. (2004) Herbal Medicine, Modern Pharmacology with application. 6™ Edn. Lippincott William and wikins. Philadelphia,
PA. USA. pp 758-796

[20].  Heimpel, H. and Raghavachar, A. (1987) Hematological side effects of co-trimoxazole, Infection; 15(5) 248-53

[21].  Hine, L., Gerstman, B. and Wise, R., (1990) Mortality resulting from blood dyscrasias in the United States, 1984. American Journal
of Medicine; 88:151-153

[22].  Ibegbulem, C., Eyong, E. and Essien, E. (2011). Biochemical effects of drinking Terminalia catappa Linn. decoction in Wistar rats.
African Journal of Biochemistry Research, 5(8): 237-243.

[23]. Koffi, N., Bra Yvette, F. and Noel, Z. (2011) Effect of aqueous extract of Terminalia catappa leaves on the glycaemia of rabbits.
Journal of Applied Pharmaceutical Science; 1 (08): 59-64

[24]. Lex, A. and Barry, E. (2006) Terminalia catappa (Tropical almond). Species Profiles for Pacific Island. Agroforestry; 2(2):1-20.

[25].  Lichtman, M. (2010) Aplastic anemia: Acquired and inherited. In: Beutler E, Lichtman MA, Coller BS, Kipps TJ, eds. Williams
Hematology. New York: McGraw-Hill, 238-251.

[26]. Lin, C., Chen, Y., Lin, J. and Ujiie, T. (1997) “Evaluation of the Antioxidant and Hepatoprotective Activity of Ter- minalia
catappa,” American Journal of Chinese Medicine, 25:53-161.

[27]. Mbengui, R., Guessennd, N., M’boh, G., Golly, J., Okou, C., Nguessan, J., Dosso, M. and Djaman, J. (2013) Phytochemical
screening and study of comparative antibacterial activity of aqueous and alcoholic extracts of the leaves and barks of Terminalia
catappa on multiresistant strains. Journal of Applied Biosciences; 66:5040 — 5048.

[28]. Morton, J. (1985) Indian almond (Terminalia catappa), salt- tolerant, useful, tropical tree with “nuts” worthy of improvement.
Economic Botany; 39 (2):101-112

[29]. Muhammad, N. and Oloyede, O. (2004). Assessment of biological value of Terminalia catappa seed meal-based diet in rats.
Biokemistri, 16 (1), 49-55.

DOI: 10.9790/1959-0801068086 www.iosrjournals.org 85 | Page



Changes in Haematological Parameters and Possible Adverse Reactions of Terminalia Catappa....

[30]. Muravyova, A., Tikhomirovaa, I., Kislovb, N. and and Petrochenko, A. (2016) Red blood cell microrheological effects of some
antitumor chemotherapy drugs: In vitro study. Journal of Cellular Biotechnology; 1:151-158. DOI 10.3233/JCB-15015 10S

[31]. Nagappa, A., Thakurdesai, P., Rao, N. and Singh, J. (2003) “Antidiabetic Activity of Terminalia catappa Linn. Fruits,” Journal of
Ethnopharmacology, 88 (1) 45-50.

[32].  Nelson, D. and Cox, M. (2000). Lehninger principles of biochemistry, 3rd edn. Worth Publishers, New York.

[33]. Nwaeze, C., Unaeze. And Abarikwu, P. (1986) Antimicrobial activity of certain medicinal plants used in traditional medicine in
Nigeria: A preliminary study. Nigerian Journal of Microbiology, 6:32-36

[34]. Omotoso, O. T. and Sanya, B. T. (2007). Growth performances of the laboratory rats, Rattus norvegicus on various protein
supplements and the effects of some heavy metals on the haematological analysis of their blood. Research journal of Applied
Sciences. 2 (12),1202 -1206.

[35]. Pawar, S., Pal, S. and Kasture, V. (1997) Anti-inflammatory activity of Terminalia catappa Linn. Pharmacy focus in the new
millennium abstracts. p. 110.

[36]. PeaF. and Cojutti P. (2015) Drugs and Blood Cells. In: Berlot G., Pozzato G. (eds) Hematologic Problems in the Critically
I1l. Springer, Milano

[37].  Pontikoglou, C. and Papadaki, H. (2010) Idiosyncratic drug-induced agranulocytosis: The paradigm of deferiprone. Hemoglobin;
34:291-304.

[38]. Rao, K. (2014) Drug-Induced Hematologic Disorders, Pharmacotherapy: A pathophysiological Approach, (e Eds. Joseph Ti. DiPiro
et al., New York: McGraw-Hill Education 359-374

[39]. Ratnasooriya , W. and Dharmansiri, N. (2000). Effects of Terminalia catappa seeds on sexual behaviour and fertility of male rats.
Asian Journal of Androloy, 2:213-9.

[40]. Reese, J., Li, X. and Hauben, M. (2010) Identifying drugs that cause acute thrombocytopenia: an analysis using 3 distinct methods.
Blood; 16:2127-2133.

[41].  Schechter, A., Noguchi, C. and Rodgers, G. (1987). Sickle cell disease. In: Stamatoyannopoulos et al. (eds) The molecular basis of
blood disease, 1st edn. W.B. Saunders, Philadelphia, pp. 179-218.

[42].  Seeber, P. and Shander, A. (2012) Anemia Therapy |l: Hematinics, in Basics of Blood Management, Second edition, Wiley-
Blackwell, Oxford, UK. doi: 10.1002/9781118338070.ch4

[43]. Tapsell, L., Hemphill, I. and Cobiac, L. (2006) Health benefits of herbs and spices: the past, the present, the future. Medicinal
Journal of Australia; 185(4):4-24.

[44]. Tesfa, D., Keisu, M. and Palmblad, J. (2009) Idiosyncratic drug-induced agranulocytosis: Possible mechanisms and management.
American Journal of Hematoology; 84:428-434.

[45]. Trnkova, S., Knotkova, Z., Hrda, A. and Knotek, Z. (2007) Effect of non-steroidal anti-inflammatory drugs on the blood profile in
the green iguana (lguana iguana) Veterinarni Medicina, 52 (11): 507-511

[46].  Venkatalakshmi, P., Vadive, D. and Brindha, P. (2016) Phytopharmacological significance of Terminalia catappa L., an updated
review. International. Journal of Research in Ayurveda pharmacy. 7(2) 130-137

[47]. World Health Organization Dept. of Essential Drugs and medicine policy (2004) WHO guideline on safety monitoring of herbal
medicines in pharmacovigilance systems, Geneva; WHO publishers, P18. http://www.who.int/iris/handle/10665/43034

[48].  Youg, N. (2000) Agranulocytosis. In: Young NS, Ed. Bone Marrow Failure Syndromes, 1st ed. Philadelphia: WB Saunders;156—
182.

[49]. Young, N. and Maciejewski, J. (1997) The pathophysiology of acquired aplastic anemia. New England Journal of Medicine;
336:1365-1372.

[50].  Yunis, A., Miller, A., and Salem, Z. (1980). Chloramphenicol toxicity: Pathogenetic mechanisms and the role of the p-NO2 in
aplastic anemia. Clinical Toxicology.; 17:359-373.

Ezekiel E. Ben. “Changes in Haematological Parameters and Possible Adverse Reactions of
Terminalia Catappa Leaves Extract in Wistar Rats." .IOSR Journal of Nursing and Health
Science (IOSR-JNHS), vol. 8, no.01 , 2019, pp. 80-86.

DOI: 10.9790/1959-0801068086 www.iosrjournals.org 86 | Page


http://www.who.int/iris/handle/10665/43034

