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Abstract
Keywords. Methotrexate (MTX) is an antifolate drug widely used in cancer chemotherapy and
Methotrexate, Pistacia treatment of rheumatoid arthritisand other inflammatory diseases. The haematological
Atlantica, Haematological toxicity of MTX is one of its major side effects. The present study is the first of a 2-part
Changes, Albino Rats series investigating the ameliorative effects of Pistacia Atlantica on MTX-induced

haematological toxicity in albino rats. This first part establishes the MTX-induced
haematological toxicity model in albino rats in terms of MTX dosage and rats’ gender
preference that is more susceptible to induction, while the second part evaluates the
ameliorative effects of P. Atlantica on this model. A total of 30 rats were divided into 6
groups with 5 rats/group. Fifteenfemalesand 15 males were each allocated to 3 groups:
G1, G2, G3. The G1, G2 and G3 groups of both genders were injected intraperitoneally
once with 40 mg/kg, 20 mg/kg and 10 mg/kg MTX, respectively. Blood samples were
collected from all rats before MTX induction (baseline or day 0) and 7 days post-MTX
induction (euthanasia day or day7) to determine haematological indices. Both rat
genders that receivedlow (G3) and medium (G2) MTX doses showed a reduction in RBC
counts, Hb concentration and HCT values and an elevation of MCH, MCHC, MPV and
PLCR values. Only the female group that received low MTX doses showed elevation in
MCV, RDW-CV, RDW-SD, PLT counts and PCT values. The low dose of MTX also showed
high PDWand P-LCC inboth genders. The haematological changes observed inthis study
suggest that the female gender of rats and the low dose of MTX are the best variables to
be used in the next trial in part 2 of this series.

Introduction

Methotrexate (MTX)isa structuralanalogue of folic acid act asacompetitive inhibitor of the dihydrofolate reductase enzyme
that catalyses the reduction of dihydrofolate to tetrahydrofolate, the active form of folic acid required in dividing cells to
generatethe DNAmonomerthymidine monophosphate and is essentialfor cell replication and synthesis of DNAand RNA
[1]. This anti-proliferative property made MTX at high doses a valuable chemotherapy agent against a variety of malignant
disorders[2].Inadditiontothe anti-cancer effect, MTX at lowdoses has anti-inflammatory and immunosuppressive actions
and is widely used as a first-linetreatmentin autoimmune [3] and inflammatory diseases such as rheumatoid arthritis [4],
psoriasis [5] and Crohn's disease [6]. These MTX actions contribute to a variety of mechanisms, such as promotion of
adenosine release that has potent inhibitory effects on nearly all inflammatory cell types [7], nitric oxide synthase
uncouplingthat increases the sensitivity of T cells to apoptosisin response to methotrexate stimulation [8], expression of
certainlong non-coding RNAsthatinduce apoptosis[9] aswell as inhibition of specific pathways suchas Januskinase (JAK)
signal transducer and activator of transcription (STAT) pathway, which stimulates production of a variety of inflammatory
signals [10, 11].

Although the use of MTX has therapeutic benefitsin many diseases, its use has adverse effects such as haematological
toxicity [12], hepatic toxicity [13], renal toxicity [14], pulmonary toxicity [15, 16], neurotoxicity [17], increased infectionrisk
[18-20], dermatologicaltoxicity [21] and gastrointestinal side effects [22]. The haematological toxicity of methotrexate
includes myelosuppression [23], leukopenia [24], thrombocytopenia [25], neutropenia [26], pancytopenia [24] and
megaloblastic anaemia[12, 27]. The present studyis the first of a 2-part series investigating the ameliorative effects of P.
Atlantica on methotrexate induced haematologicaltoxicity in albino rats. This first part of these manuscripts establishes
the haematologicaltoxicity modelin terms of selecting the methotrexate dosage and gender of rats, while the second part
evaluates the ameliorative effects of P. Atlantica on this model.

Methods

Ethical approval

All experimental protocols were approved by the Bioethics Committee at the Biotechnology Research Centre (BEC-TR)
under reference number (001.A.26.41).
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Animals and Study Design

The studywasconducted for seven days at the smallanimal house of the Faculty of Medicine, University of Tripoli, Tripoli,
Libya. Thirty healthy adult albino rats of both sexes were used for the study and maintained under standard laboratory
conditions and fed ad libitum standard commercialrat feed and clean drinking water. The experimentwas designed by
injectingthree different doses of methotrexate (50 mg/2 mlinjectable solution, Hikma Specialised Pharmaceuticals, Cairo,
Egypt)into30 albino rats (15femalesand 15 males) allocated randomlyinto 6 groupswith 5 ratsin each group. Bothfemale
and male rat groups were allocated into 3 groups; group 1 (G1), group 2 (G2) and group 3 (G3) of both genders received
single intraperitoneal injections of 40 mg/kg, 20 mg/kg and 10 mg/kg methotrexate, respectively.

Blood samples were collected from the retro-orbital plexus at two time points: before methotrexate injection (day 0 time
point) and after 7 days of injection (euthanasia day orday 7 time point). The ethylene diamine tetraacetic acid (EDTA) - anti
coagulated blood was used to determine the hematologicalparameters of total white blood cells count (WBC, x10%/mm?),
red blood cell count (RBC, x108/mm?), haemoglobin concentration (Hb, g/dl), haematocrit (HCT, %), Mean Corpuscular
Volume (MCV, fL), Mean Corpuscular Haemoglobin (MCH, pg), Mean Corpuscular Haemoglobin concentration (MCHC,
g/dl), Red Cell Distribution Width- Coefficient of Variation (RDW-CV, %), Red Cell Distribution Width-Standard Deviation
(RDW-SD, fL), Platelet count (PLT, x10%/mm?), Mean Platelet Volume (MPV, fL), Platelet Distribution Width (PDW, fL),
Plateletcrit (PCT, %), Platelet Large Cell Count (P-LCC, x10%/mm?), and Platelet Large Cell Ratio (PLCR, %).

Statistical Methods
Results are expressed as mean + SEM. Data were analysed using GraphPad Prism statistical software (version 6.07;

GraphPad Software Inc., La Jolla, CA, USA). Statistical analysis of data between groups was performed using Wilcoxon
matched-pairs signed-rank tests, and statistical significance was accepted at p <0.05.

Results
The mean = SEM values of the total WBC counts are shown in Figure 1. Most of the rat groups showed a lower total WBC

count after 7 days of methotrexate injectionthan on day 0. However, this drop was not statistically significant exceptinthe
male rat group, which received the medium dose of methotrexate.
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Figure 1. The total WBC countin the blood of MTX-treated rats.
Blood samples were collected at 2 time points (0 and 7 days), and the total WBC counts were determined. Except for the G2 male rat
group, which received 20mg/kg methotrexate, no significant difference in the total leukocyte numbers was detected between days 0
and 7 of the tested rat groups. Blood values were analysed by paired Wilcoxon tests, and each column represents the mean = SE of 5
rats, with * representing P < 0.05.

The mean + SEM values of the erythrocyte indices are shown in Figure 2. There was a reduction in RBC counts, Hb
concentration and HCT values on day 7 compared today 0 in the G2 and G3 groups of both genders. On the other hand,
therewasan elevationin MCH and MCHC valuesin the groups of G2 and G3 of bothgendersand an elevationin MCV, RDW-

CV and RDW-SDvaluesinthe groupsof G3 of the female groups. The groupsof G1 in bothgendersdid not show significant
differences inthe tested erythrocyte parameters.
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Figure 2. The values of the erythrocyte indices in the blood of MTX-treated rats.
with * representing P < 0.05.

MCHC (F), RDW-CV (G) and RDW-SD (H) values were determined. There was a reduction in G2 and G3 regarding RBC counts, Hb
concentration and HCT; but an elevation in the MCH and MCHC values of both genders, and an elevation in the female group of G3

erythrocyte parameters. Blood values were analysed by paired Wilcoxon tests, and each column represents the mean + SE of 5 rats,

Blood samples were collected at 2 time points (0 and 7 days), and the RBC counts (A), Hb concentration (B), HCT (C), MCV (D), MCH (E),
regarding the MCV, RDW-CV and RDW-SD values. The G1 group in both genders did not show significant differences in the tested
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The mean = SEMvalues of the plateletindicesare shown in Figure 3. There was an elevationin the plateletindiceson day 7
compared today0in the femalesof group G3 regarding PLT countsand PCTvalues; and in both genders of the same group
regarding PDW and P-LCC. The elevation of MPV and PLCRvalues was determined in both genders of groups G2 and G3.
The groups of G1in both genders did not show significant differences in the tested platelet parameters.
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Figure 3. The values of the plateletindices in the blood of MTX-treated rats.

Blood samples were collected at 2 time points (0 and 7 days), and the PLT counts (A), PCT (B), PDW (C), MPV (D), P-LCC (E) and PLCR
(F) values were determined. There was an elevation in the female group G3 regarding PLT counts and PCT, and in both genders of the
same group regarding PDW and P-LCC. The elevation of MPV and PLCR values was determined in both genders of groups G2 and G3.

The groups of G1 in both genders did not show significant differences in the tested platelet parameters. Blood values were analysed by

paired Wilcoxon tests, and each column represents the mean * SE of 5 rats, with * representing P < 0.05.

Discussion

In human medicine, gender affects the pathophysiology and response to therapy in many diseases [28-30]. In order to
establish an animal modelto study the effect of a therapeutic agent, the gender of the animalused and the dosage of the
inducerareamongthe importantvariablestobe considered in modeldesign. This study aimed to determine whichanimal
genderis most susceptible todifferent doses of MTX for establishing a haematological toxicity modeland subsequently to
evaluate the ameliorative effects of P. Atlantica on this model. After 7 days of MTX injection with different doses into both
rat genders, the animals in this study showed the expected haematological responses to MTX induction. Changes in
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erythrocyte indices were observed consistent with the expected drop in folic acid levels known to induce megaloblastic
anaemia. These changes include reductioninthe RBC counts, Hb concentrationand HCTvalues; and abnormally large size
of RBC reflected by elevation of MCV, with high MCH, MCHC, RDW-CV and RDW-SD values. These changes were attributed
by some authorstothe ineffective erythropoiesis observedin megaloblastic anaemia[31, 32]. Thrombocytopeniawasalso
observed in this study.

It was manifested through the high elevation of MPV, which reflects large platelet sizes due to megakaryocytic activity of
bone marrow[33], high PDW, which suggests a wide range of platelet sizes duetoabnormalplatelet productionand high P-
LCR,which is directlyrelated toPDW and MPV and inversely related to platelet count [33]. Thrombocytopeniais observed
in megaloblastic anaemia as a consequence of hypoproduction or ineffective thrombocytosis [34, 35]. However, the
platelet counts and PCT values did not significantly differ between groups except in one female group exposed to the low
dose of methotrexate, which showed a higher platelet count. This might be attributed to reactive thrombosis to anaemia,
as seen withiron deficiency anaemia orhaemolytic anaemia[36]. Inregardstothe leukopeniaobserved as MTXside effects
[24],the total WBC counts in this study dropped in all groups after 7 days of MTX injection; however, this drop was not
statistically significant exceptinone group. Although the ratsthat received the large dose of MTX showed similar trends of
haematological changes observed in rats that received the low and medium doses, these changes were not statistically
significant. This might be attributed to the unfortunate death of one rat in the male group, which reduced the sample size
and compromised the statistical power of the findings for that cohort.

Conclusion

In conclusion, both rat genders that received low and medium MTX doses showed a reductionin RBC counts, Hb
concentration and HCT values, and an elevationin MCH, MCHC, MPV and PLCR values. However, only the female group
thatreceived low MTX doses showed an elevationin MCV, RDW-CV, RDW-SDvalues, PLTcountsand PCT. The low dose of
MTX also showed high PDW and P-LCCin both genders. Having said that, this study showed that the female rat group that
received the low dose of MTX was the most severely affected group, which suggests that the female gender and the low
dose of MTX are the suitable variables to be used for the upcoming trialin the second part of this series.
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