
 

 

 

PSIDIUM GUAJAVA L. EXTRACT INCREASES PLATELET COUNT THROUGH ENHANCEMENT OF 
STEM CELL FACTOR EXPRESSION IN THROMBOCYTOPENIC MICE MODEL 
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ABSTRACT 

Objective: The purpose of this study was to determine the mechanism through which guava extract increases platelet count. 

Methods: Twenty male Swiss webster mice were divided into 4 group. Group I received 2.8 mg/20 g body weight of quinine and 1 ml of distilled 
water. Group II received 2.8 mg/20 grBW of quinine and 0.785 mg/20 grBW of guava extract. Group III received 1 ml distilled water and 0.785 
mg/20 grBW of guava extract and Group IV only received 1 ml distilled water. After 14 days** treatment, platelet count was measured using Raas-
Ecker method. SCF and TPO mRNA expressions in mice liver were assessed using qRT-PCR. 

Results: The data showed that quinine administration reduced platelet count significantly (P<0.05). Psidium guajava L. extraction significantly 
enhanced platelet count in mice that were treated with quinine compared with quinine group (p<0.05). The mechanism was analysed further and 
our RT PCR data showed that stem cell factor mRNA expression significant increased (p<0.05) in quinine plus guava extract group compared to 
quinine group.  

Conclusion: It indicated guava extract role in increasing megakaryopoiesis which resulted in an increase of platelet count.  
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INTRODUCTION 

Platelets are small anucleate cell fragments that are discoid in shape, 
1 to 3 μm in diameter. Formed from the cytoplasm of mega-
karyocytes (MKs) which reside in the bone marrow, they are 
indispensable for processes such as haemostasis, wound healing, 
angiogenesis, inflammation, and innate immunity [1]. The average 
platelet number in humans ranges from 150 × 109 to 400 × 109

Platelet generation is a two-stage process involving the differentiation 
of hematopoietic stem cells into mature megakaryocytes and release of 
platelets from MKs [3]. Stem cell factor (SCF) and thrombopoietin 
(TPO) are critical cytokines in regulating stem cell proliferation and 
survival of progenitor cell during hematopoiesis. In addition, TPO is an 
important megakaryocytic cytokine affecting the megakaryocytic 
differentiation [4]. 

 per 
liter [2]. 

Guava (Psidium guajava L.) is a plant widely used in local traditional 
medicine. Their fruit and leaves have been studied for their 
medicinal values such as in the treatment of clinical dengue 
infection, and for its anti-microbial, antiplasmodial, cytotoxic, 
antispasmodic, anti-cough, and anti-diabetic effects [5, 6]. In relation 
to treating dengue, guava juice and leaves extract has been 
demonstrated to improve platelet count both in human and animal 
models [7, 8]. Additionally, guava extract has been shown to increase 
the number of megakaryocyte in mice [9]. However, the underlying 
mechanism has not been investigated.  

A possible mechanism may involve the thrombopoiesis cytokines. 
Quercetin has been reported to increase the level of mRNA 
expression of SCF in the bone marrow stromal cell in a dose-
dependent manner [10]. Subsequently, SCF stimulates platelet 
production by increasing mast cell IL-6 secretion that induces liver 

to secrete thrombopoietin [11-13]. Thus, it is expected that guava 
extract may also induce SCF and TPO, resulting in increased platelet 
number. The aim of this study was to determine the effect of guava 
extract on mRNA expression of SCF and TPO in the liver of mice. 

MATERIALS AND METHODS 

Chemical and reagents 

SV total RNA isolation system kit, reverse transcriptase, and all 
primers were purchased from Promega, USA. EDTA tubes were 
purchased from BD, USA. Other chemicals that used for analytical 
were purchased from Merck, USA. 

Collection and extraction of plant materials  

Fresh guava fruits were collected from a farm in Dukuh Waluh 
village, Purwokerto, Central Java, Indonesia. Guava extract was 
obtained at the Research Laboratory of the Department of 
Chemistry, Padjadjaran University, Bandung, Indonesia. Specifically, 
the fruits were washed and dried using an electric oven at 40-60 °C 
for 24 h, pulverized using an electric grinder, and macerated in 96% 
ethanol for 24 h. The ethanol extract liquid was evaporated in a 
rotary evaporator (80 °C). The extract and the fractions were stored 
at 4 °C prior to use.  

Animals 

Male Swiss webster mice aged 8-12 w, weighing 20-30 g, were used 
in the study. They were maintained under standard laboratory 
conditions of 25±2 °C, 55-60% relative humidity and 12 h light/12 h 
dark cycle. Animals were fed with commercial pellets diet and water 
ad libitum. The number of mice required for the study was 
determined using resource equation method. The health of animal 
subjects was ensured prior to the administration of intervention, as 
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measured by the absence of wound, clean hair, and normal physical 
functioning as inclusion criteria. Mice that became sick or had a 
more than 10% body weight reduction after adaptationwere 
excluded from the experiment. Approval for animal studies was 
obtained from the ethics committee of Padjadjaran University, 
Bandung, Indonesia (Number of ethical clearance: 0317010032). 

Experimental design  

The mice (n=20) were divided into four groups of five. The first 
group received 2.8 mg/20g body weight of quinine orally for 14 d 
and 1 ml of distilled water orally for 5 d. The second group received 
2.8 mg/20 g body weight of quinine orally for 14 d and 0.785 
mg/20g body weight of guava extract orally for 5 d. Group three 
received 1 ml distilled water orally for 14 d and 0.785 mg/20g body 
weight of P. guajava L. extract orally for 5 d. Lastly, group four 
received 1 ml distilled water orally for 19 d (fig. 1). 

 

 

Fig. 1: Experimental design, male mice (n=20) were divided into 
four groups, two groups received 2.8 mg/20 g body weight of 
quinine for 14 d to induce thrombocytopenia and two other 

groups received distilled water to obtain normal platelet count. 
In addition, groups II and III received 0.785/20 g body weight of 
guava extract to measure its effect on platelet count, mRNA SCF 

and TPO expression. On day, all of the mice were euthanized 
and mRNA expression was evaluated using qRT-PCR 

 

Sample collection 

At day 20, the mice were euthanized using a0.1 ml/20g body weight 
combination of ketamine and xylazine administered intra-
peritoneally. Blood samples were collected by cardiac puncture 
using sterile needle and syringe in EDTA tubes. Liver tissues were 
also collected for RNA extraction. 

Platelet counting 

Platelet counts were performed using Raas–Ecker method. 
Following previously described procedures, samples were diluted 
using a mixture of sodium citrate, 40% formaldehyde, brilliant cresyl 
blue, and deionised water. Using clean RBC pipette and Neubauer’s 
chamber, mice fingertip was punctured and blood was collected 
exactly up to the 0.5 mark on the RBC pipette. Subsequently, the 
blood sample was rapidly diluted with the Raas-Ecker fluid up to the 
101 mark of the pipette and shaken for 1 min. Approximately 3-5 
drops of the solution were discarded from the pipette and move into 
Neubauer’s chamber then, cover the chamber. After 15 min, the 
number of platelets was counted under high power objective in all of 
the 25 medium squares of the RBC square, that is, in 1 mm3 area or 
1/10 mm3

Platelet number/μl or mm

 volume. The platelet count was measured using the 
formula [14]: 

3

RNA isolation and quantitative RT-PCR 

 of blood = number of platelets count x dilution
volume of fluid 

 

Total RNA was extracted from 30 mg of liver tissue using SV total 
RNA Isolation System Kit according to the manufacturer’s 
instructions. Total RNA was primed with random primers to 
synthesize first-strand cDNA using reverse transcriptase. The 
primers used for PCR (5’-3’) were as follow [15-16]:  

TPO: Forward: TCGAAGCTTGGCCAGAATGGAGCTGACTG 

Reverse: ATAAGATCTGCGCTATGTTTCCTGAGACA 

SCF: Forward: CCTTATGAAGAAGACACAAACTTGG 

Reverse: CCATCCCGGCGACATAGTTGAGGG 

GAPDH: Forward: CCCATCACCATCTTCCAGGAGC 

Reverse: CCAGTGAGCTTCCCGTTCAGC 

Statistical analysis 

Statistical analyses were presented as mean±SD. The differences 
between mean value were evaluated using the Student’s t-test for 
unpair data, and P value<0.05 was considered statistically 
significant. 

RESULTS 

Fruit identification 

To know the characteristic of P. guajava L, we collected fruits from a 
farmland in Dukuh Waluh village, Purwokerto, Central Java. After 
evaluated we found that fruits have taxonomy as Psidium guajava L. 
with Myrtaceae as family and Myrtalesas order. 

Platelets count 

Previous data study showed that guava juice increased platelet 
number in mice [8]. To evaluate the effect of guava extract in 
increasing platelet count, we compared the counts from mice after 
treatment with quinine and guava extracts. We found that quinine 
administration significantly reduced platelet count when compared 
with control (p<0.05). On the other hand, guava extract significantly 
enhanced platelet count in mice that were treated with quinine 
(p<0.05) while it had no significant effect in mice that received 
distilled water (p>0.05) (fig. 2). 
 

 

Fig. 2: Guava extract increase platelet count, mice bloods were 
collected by cardiac puncture, analysis using independent t-test 

found that guava extract significantly increase platelets count 
in mice were treated with quinine compared to control 

(p<0.05). Data were presented from 5 independent mice in each 
group. Q: quinine, GE: guava extract, DW: distilled 

water, *

 

significancy P<0.05, NS: not significant 

SCF expression 

The increase in a number of platelets increased count may be due to 
the rise of several molecules such as SCF [4]. To determine the 
molecular mechanism of platelet production in mice model after 
treatment with guava extract, we evaluated the expression of SCF 
mRNA using qRT-PCR. Following oral administration of quinine, in 
spite of a significant effect on platelet count when compared to the 
group that received distilled water, statistically significant effect on 
SCF and TPO mRNA expressions were not observed (p>0.05). On the 
contrary, guava extract administration significantly enhanced 
expression of SCF mRNA in quinine group mice liver (p<0.05) (fig. 3). 

TPO expression 

The previous study showed that platelet production was modulated by 
TPO through the activation of SCF [11-13]. We determined the 
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expression of TPO mRNA using Q-PCR and discovered that guava 
extract had no effect on TPO mRNA expression (fig. 4). However, 
quantification by Livak method demonstrated that the expression of 
TPO mRNA was increased by 4.8 fold in mice that received quinine and 
guava extract compared to that received quinine only. 

 

Fig. 3: SCF mRNA expression was enhanced after guava extract 
administration, expression of SCF mRNA from mice liver was 
evaluated using quantitative RT-PCR, the result showed that 

SCF mRNA expression significantly increased in mice that 
received quinine and guava extract (p<0.05) compared to the 
mice that received quinine only, Data were presented from 5 

independent mice in each group. 
Q: quinine, GE: guava extract, DW: distilled water, *

 

significancy 
P<0.05, NS: not significant 

 

Fig. 4: TPO mRNA expression level, Guava extract had no effect on 
TPO mRNA expression, as evaluated using quantitative RT-PCR 

from mice liver. TPO expression was higher in the group that 
received quinine and guava extract compared to quinine only, 

although this difference was not statistically significant (p>0.05). 
Data were presented from 5 independent mice in each group. 

Q: quinine, GE: guava extract, DW: distilled water, NS: not 
significant 

DISCUSSION 

The 14-d quinine induction with a dosage of 2.8 mg/20 g body 
weight reduced the platelet count in our mice model. Quinine is 
known to cause an immune system-mediated toxic thrombo-
cytopenia. The antibodies responsible for quinine-induced 
thrombocytopenia are immuneglobulins that recognize 
the fibrinogen receptor glycoprotein (GP) Ib/IX or GPIIb/IIIa. The 
platelet antigens (GPIb/IX and GPIIb/IIIa) are also expressed on 
MKs during differentiation. Therefore, it is likely that quinine may 
also bind to cell surface GPs on MKs and inhibits megakaryopoiesis, 
resulting in a decrease in platelet count [17]. 

Platelet generation is a two-stage process consisting of 
megakaryopoiesis and thrombopoiesis [4]. Megakaryopoiesis is a 
complex process that involves differentiation of hematopoietic stem 
cells (HSCs) to the megakaryocyte (MK), the proliferation of the 
progenitors, and MK maturation [18]. SCF is a cytokine critical during 
differentiation process of hematopoietic stem cells (HSCs) into mature 
blood cells. SCF promotes survival, proliferation and mobilization of 
hematopoietic stem cells and their progenitors. Interacting with other 
cytokines, such as interleukin (IL)-1, IL-3, IL-6, and GM-CSF, SCF 
promotes differentiation and maturation of common myeloid 
progenitor (CMP) into colony-forming-unit megakaryocyte (CFU-MK), 
the primitive and mature MKs progenitors [19]. Platelet production 
occurs when the cytoplasm of MKs extends and forms a 
prothrombocyte [18]. TPO is the major cytokine on this process. 
Previous evidence showed that TPO act in conjunction with another 
cytokine, such as IL-3, IL-6, and IL-11, however, these cytokines are 
not essential for platelet production [13]. 

Our study showed that after the 14th

Likewise, one other study showed that the combination of 2.8 mg/20 
g body weight/d quinine orally for 14 dand 0.785 mg/20 g body 
weight/d guava extract for 5 dresulted inan increase in the average 
number of MKs compared to the group were received quinine only 
[9]. Quercetin has been known to increase SCF mRNA expression in 
bone marrow stromal cells [10]. In addition to hematopoiesis, SCF is 
also involved in hepatocyte proliferation. The previous study 
showed that SCF mRNA expression in mice liver increased after 6 h 
of acetaminophen administration and SCF increased hepatocyte 
proliferation after acetaminophen overdose [21]. 

 day of treatment, mice in the 
group that received quinine and guava extracts demonstrated an 
increase in platelet count compared to mice in the quinine only 
group. We postulate that this difference is due toguava extract 
administration. Guava is a medicinal plant that contains vitamin C, 
vitamin A, iron, calcium and phosphor, manganese, saponin 
combined with an oleanolic acid, morin-3-O-α-L-lyxopyranoside and 
morin-3-O-α-L-arabopyranoside and flavonoids, guaijavarin, and 
quercetin [5]. The previous study showed that quercetinin guava 
increased the number of Mks and thrombocytes [20]. 

 

 

Fig. 5: Proposed mechanism of platelet production by guava extract, administration of guava extract rich in quercetin increase level of SCF 
mRNA which can stimulate IL-6 to induce TPO secretion by liver resulting an increase the platelets number, *to be further confirm 
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Although megakaryopoiesis and thrombopoiesis occur in bone 
marrow, TPO is synthesized by hepatocytes in the liver [13], hence, 
the use of liver to determine SCF and TPO mRNA expression in our 
study. Previously, it was assumed that SCF stimulates platelet 
production by increasing IL-6 mast cell secretion which in turn 
induces liver to secrete thrombopoietin, a major thrombopoiesis 
cytokine (fig. 5). 

Our findings showed that SCF mRNA expression increased only in 
the groups that received quinine and guava extract and had no effect 
on mice that received distilled water and guava extract. This can be 
interpreted that guava extract stimulates SCF mRNA expression and 
platelet number only in thrombocytopenia models. However, 
enhancement of SCF mRNA expression was not followed by an 
increase of TPO analytically, but based on a Livak method that TPO 
mRNA expression also increased in the group treated with quinine 
and guava extract. This is probably caused by of the small sample 
size or the presence of other molecular mechanisms that may 
increase platelet production by guava extracts, such as IL-3, IL-6, 
and IL-1. As a follow-up, we will examine several molecule 
candidates to pinpoint this mechanism, in addition to increasing the 
sample size.  

CONCLUSION 

Guava extract can increase platelet number of thrombocytopenic 
mice model through enhancement of stem cell factor expression as 
one of the molecular pathway. Furthermore, the extent of study is 
necessary to be elucidated more about the benefit of guava extract in 
a thrombocytopenic patient such as Dengue fever. 
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