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Abstract
Objective: The aim of this study was to investigate the effect of Mentha piperita L and/or Thymus vulgaris in ameliorating the hematological 
changes induced by chronic consumption of oxidized palm oil (OPO) in rats. 
Methods: Fifty rats were divided into five groups as follows: rats received a basal diet (control), rats received a basal diet sustained with OPO, 
rats fed OPO and received Mentha piperita extract, rats fed OPO and received Thymus vulgaris extract, and finally rats fed OPO and received 
both extracts. After 6 weeks, blood samples were withdrawn and a complete blood count test was done. 
Results: Rats fed a diet containing OPO showed a significant decrease in red blood cells (RBCs), hematocrit (Hct), mean corpuscular volume 
(MCV), hemoglobin (Hb), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), lymphocytes 
(LYM), and platelets (PLTs) accompanied by a significant increase in white blood cells (WBCs), red cell distribution width (RDW), and mean 
platelet volume (MPV) compared to rats fed a normal diet. In contrast, rats fed on diet containing OPO and the aqueous extract of either 
Mentha piperita or Thymus vulgaris showed a significant increase in RBCs, Hct, MCV, Hb, MCH, MCHC, LYM, and PLTs accompanied by a 
significant decrease in RDW, WBCs, and MPV relative to rats fed on diet containing OPO only. Treatment with a combination of both plants 
showed better improvements. 
Conclusion: Both Mentha piperita and Thymus vulgaris ameliorate the hematological changes induced by OPO. 
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Introduction
Cooking oils are an integral part of human diets as they are used 
in almost all types of culinary practices, including baking, sau-
téing, dressing, and frying.1 Frying is a process of immersing 
food in hot oil that is held at a temperature of 150–190°C, 
where simultaneous heat and mass transfer occur between the 
oil and fried food.2 Palm oil is one of the most-used cooking 
oils for deep frying purposes. Palm oil is thermally oxidized 
when the fresh form is subjected to several rounds of heating 
at high temperatures.3 Therefore, it is susceptible to oxidative 
changes because its unsaturated fatty acid constituents readily 
undergo oxidation resulting in the formation of peroxides, 
aldehydes, ketones, aldehydroesters, and ozonides.4 In addi-
tion, it is susceptible to the loss of carotenoid, phenolics, and 
vitamins, thus reducing the overall antioxidant properties of 
the oil.1-5 

Several studies have revealed that chronic consumption 
of oxidized palm oil (OPO) may predispose consumers to var-
ious disease conditions thereby having deleterious effects on 
health. For example, OPO consumption caused growth retar-
dation, thrombosis, fatty liver, adverse lipid profile, essential 
fatty acid deficiency, a deficiency of nucleic acid, and micro-
nutrient malnutrition.4 Additionally, OPO induces reproduc-
tive toxicity and organ toxicity, particularly of the heart, lung, 
liver, and kidney.6 A study by Ani et al. (2015) demonstrated 
that thermal OPO consumption may be detrimental to the 
body’s hematological system, as it alters packed cell volume 
(PCV) and white blood cell (WBC), neutrophil, and lym-
phocyte (LYM) counts.4 Furthermore, Mesembe et al. (2004) 
observed that chronic consumption of an OPO diet leads to a 
significant decrease in PCV, hemoglobin (Hb), and red blood 

cell (RBC) count and a significant increase in WBC count. 
They concluded that chronic consumption of an OPO diet 
may result in anemia and leukocytosis in rats.7

Medicinal plants have been reported to have potential in 
protecting and improving the hematological system in dif-
ferent health situations. One of the oldest medicinal plants is 
the well-known spice and herb Mentha piperita (peppermint) 
from the Lamiaceae family.8 Mentha piperita oil was found to 
protect the hematopoietic system against lethal gamma radi-
ation in rats.9 Moreover, treatment of rats with peppermint 
essential oil rectified anemia resulting from diabetes and 
increased counts of leukocytes and platelets (PLTs).10 These 
results were further corroborated by Zangeneh et al., (2018) 
who found that treatment with aqueous extract of Mentha 
piperita leaves significantly enhanced the decrease in RBCs, 
Hb, mean corpuscular hemoglobin (MCH), mean corpuscular 
hemoglobin concentration (MCHC), and PLTs in rats with 
ethanol-induced gastroduodenal ulcers as compared to the 
untreated group.11

In addition to Mentha piperita, Thymus vulgaris (thymus) 
is the most famous medicinal plant from the Lamiaceae family 
and has attracted the attention of many investigators for some 
time. The administration of Thymus vulgaris in rats increased 
the reduced RBCs, Hb, MCHC, and LYMs caused by con-
sumption of thermally oxidized sunflower oil.12 Moreover, 
Shittu et al. (2013) found that thymus extract improved RBC 
count and Hb concentration in Trypanosoma brucei–infected 
rats when compared to the untreated group.13 Similar findings 
were reported by Nada et al. (2013), who found that thymus 
oil was efficient in ameliorating the alteration in RBCs, hema-
tocrit (Hct), Hb, and WBCs observed in rats exposed to γ-ra-
diation.14 Thus, numerous investigations have been conducted 
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on the effects of Mentha piperita or Thymus vulgaris on the 
hematological system in different health situations. However, 
little attempt has been made to investigate the effect of these 
plants on the hematological system in rats fed OPO. Thus, the 
aim of this study was to investigate the effect of Mentha pip-
erita L and/or Thymus vulgaris in ameliorating the hematolog-
ical changes induced in rats by chronic consumption of OPO.

Materials and Methods
Raw Materials
Palm oil, leaves of Mentha piperita L, and Thymus vulgaris 
were purchased from a local traditional market in Jeddah, 
Saudi Arabia.

Preparation of Oxidized Palm Oil (OPO)
OPO was prepared by frying 1 kg of potatoes in 2.5 L of 
palm oil for 10 minutes at 180°C ten times. The cooling time 
between intervals of the heating process was 5 hours. In each 
frying process, a fresh batch of potatoes was used without 
adding fresh oil to compensate for oil loss. The test diets were 
then formulated by mixing 15% (w/w) OPO with commercial 
rat feed.15

Preparation of Mentha Piperita Aqueous Extract 
Ten grams of dried leaves of Mentha piperita were dissolved 
in 100 mL of distilled water for a day. Then, the water extract 
was filtered into an amber bottle and kept at −80°C until fur-
ther use. The extract was thawed and allowed to stand at room 
temperature for about 2 hours before use.16

Preparation of Thymus Vulgaris Aqueous Extract
Thirty grams of dried leaves of Thymus vulgaris were dissolved 
in distilled water (60 mL) for 1 day. Then, the sample was fil-
tered using filter paper, and this filtrate was stored at 20°C for 
3 days only (i.e., freshly prepared every 3 days).17

Experimental Animals
Fifty 2 months old adult male Wistar rats weighing 150–
200 g were obtained from the Central Animal House, King 
Fahad Medical Research Center, King Abdulaziz University, 
Jeddah, Saudi Arabia. The rats were kept in plastic cages and 
maintained at 25 ± 2°C with a 12 h light-dark cycle. The rats 
were kept under observation for 2 weeks before the start of 
the experiment. Animal procedures were performed with 
the approval (number 581-17) of the Ethics Committee of 
the King Fahad Medical Research Center and according to 
recommendations for the proper care and use of laboratory 
animals.

Experimental Design
Fifty animals were used and divided into five groups (ten 
rats in each) as follows: Negative control group (Control): 
Rats received a basal diet; Positive control group (OPO): Rats 
received a basal diet sustained with 15% (w/w) OPO for 6 
weeks;18 OPO and mentha group (OPO+MEN): Rats fed OPO 
and received water extract of mentha (290 mg/kg BW/day)19 
for 6 weeks; OPO and thymus group (OPO+THY): Rats fed 
OPO and received water extract of thymus (500 mg/kg BW/
day)20 for 6 weeks; finally, OPO and mixture of mentha and 
thymus group (OPO+MIX): Rats fed OPO and received both 

water extracts (mentha 290 mg/kg and thymus 500 mg/kg) by 
gavage, respectively, for 6 weeks.

Determination of Hematological Parameters
At the end of the experiment (6 weeks), the rats fasted overnight 
for scarification. Blood samples were withdrawn by a heparin-
ized capillary tube from the retro-orbital plexus of each rat 
under anesthesia with diethyl ether. RBCs, Hct, MCV, red cell 
distribution width (RDW), Hb, MCH, MCHC, WBCs, LYMs, 
PLTs, and mean platelet volume (MPV) were measured on a 
Cell-Dyn Emerald 22 Hematologic Analyser (Abbott, USA). 

Statistical Analysis
One-way analysis of variance (ANOVA) followed by LSD 
multiple comparison test were used to assess differences in 
the hematological parameters between the five groups, and 
the results are expressed as mean ± standard deviation (SD). 
All statistical analyses were performed using GraphPad Prism 
software (version 9.3.1, USA, Biomatters, Ltd. NZ and GSL 
Biotech, USA). A P-value of <0.05 was considered statistically 
significant.

Results
The effects of the consumption of OPO for 6 weeks on hema-
tological parameters in rats are shown in Figures 1–3. The 
results showed an alteration in RBC indices characterized by 
a significant decline in RBC count, proportion (Hct), and 
average size (MCV) compared to rats fed a normal diet (con-
trol group) (Figure 1A, 1B, and 1C, respectively). However, 
the variability of RBC size (RDW) was higher compared to 
the control group (Figure 1D). Moreover, Hb concentration, 
average amount (MCH), and concentration (MCHC) per 
single RBC were all decreased in rats fed a diet with OPO 
compared to the control group (Figure 1E–1G, respectively). 
Results of WBC indices showed an increase in total WBC 
count, while LYM count was decreased (Figure 2A and 
2B, respectively). In contrast to WBC, the PLT count was 
decreased, whereas their volume (MPV) was increased com-
pared to the control group (Figure 3A and 3B, respectively).

In contrast, the results showed a significant amelioration 
in hematological parameters among rats fed OPO treated with 
either mentha (OPO+MEN) or thymus (OPO+THY) com-
pared to untreated rats fed OPO only (Figures 1–3). These 
treatments resulted in an improvement in the RBC indices 
characterized by a significant increase in RBCs, Hct, MCV, Hb, 
MCH, and MCHC compared to untreated rats fed OPO only 
(Figure 1A–1C, 1E–1G, respectively) and a lower variability in 
RBC size (RDW) (Figure 1D). In addition to RBCs, WBC and 
PLT indices were also improved by these treatments. WBC 
count was decreased, while LYM count was increased (Figure 
2A and 2B). Moreover, PLT count was increased, while their 
volume (MPV) was decreased in comparison with untreated 
rats fed OPO only (Figure 3A and 3B). 

The treatment of rats with the combination of mentha 
and thymus (OPO+MIX) showed better improvement in the 
RBC, WBC, and PLT indices when compared with rats fed 
OPO treated with either mentha (OPO+MEN) or thymus 
(OPO+THY). Furthermore, the treatment with the mixture 
showed RBC, WBC, and PLT indices similar to those of rats 
fed a normal diet (control group) (Figures 1–3). 
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Fig. 1 Effect of mentha and/or thymus extract on RBC indices [including (A) RBC count (B) Hct (C) MCV (D) RDW (E) Hb (F) MCH (G) MCHC]  
of rats fed a diet containing 15% OPO for 6 weeks. Data are presented as mean ± standard deviation (SD). Lower-case “a” denotes a 
significant difference with the control group (P < 0.05). Lower-case “b” denotes a significant difference with the OPO group (P < 0.05). 
Lower-case “c” denotes a significant difference with the OPO+MIX group (P < 0.05). RBC: red blood cell, Hct: hematocrit, MCV: mean  
corpuscular volume, RDW: red cell distribution width, Hb: blood hemoglobin, MCH: mean corpuscular hemoglobin, MCHC: mean  
corpuscular hemoglobin concentration, OPO: oxidized palm oil, MEN: mentha, THY: thymus, MIX; mixture of mentha and thymus. 
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Fig. 2 Effect of mentha and/or thymus extract on WBC indices [including (A) WBC count and (B) LYM count] of rats fed a diet containing 
15% OPO for 6 weeks. Data are presented as mean ± standard deviation (SD). Lower-case “a” denotes a significant difference with the 
control group (P < 0.05). Lower-case “b” denotes a significant difference with the OPO group (P < 0.05). Lower-case “c” denotes a signifi-
cant difference with the OPO+MIX group (P < 0.05). WBC: white blood cell, LYM: lymphocyte, OPO: oxidized palm oil, MEN: mentha, THY: 
thymus, MIX; mixture of mentha and thymus. 

Fig. 3 Effect of mentha and/or thymus extract on platelet indices [including (A) PLT count and (B) MPV] of rats fed a diet containing 15% 
OPO for 6 weeks. Data are presented as mean ± standard deviation (SD). Lower-case “a” denotes a significant difference with the control 
group (P < 0.05). Lower-case “b” denotes a significant difference with the OPO group (P < 0.05). Lower-case “c” denotes a significant dif-
ference with the OPO+MIX group (P < 0.05). PLT: platelet, MPV: mean platelet volume, OPO: oxidized palm oil, MEN: mentha, THY: thymus, 
MIX; mixture of mentha and thymus. 

Discussion 
This study aimed to investigate the effect of Mentha piperita 
L and/or Thymus vulgaris in ameliorating the hematological 
changes induced by chronic consumption of oxidized palm 
oil in rats. Rats fed a diet containing OPO showed significant 
decreases in RBCs, Hct, MCV, Hb, MCH, MCHC, LYMs, and 
PLTs accompanied by significant increases in WBCs, RDW, 
and MPV compared to rats fed a normal diet (control group). 
These results agree with a previous study by Mesembe et al. 
(2004), who reported that chronic consumption of thermo-ox-
idized palm oil led to significant decreases in RBC count and 
Hb concentration and a significant increase in WBCs. They 
concluded that the consumption of thermo-oxidized palm oil 
results in anemia and leukocytosis in rats.7 These results were 
further corroborated by Morshed et al. (2018), who found 
that long-term administration of heated palm oil to rabbits 
caused alterations in hematological indices characterized by 

decreased Hb concentrations and increased WBC counts.21 
Furthermore, Uddin et al. (2015) observed that Hb concentra-
tions, Hct, and PLT counts were decreased while WBC count 
was increased in rabbits fed oxidized corn oil.22 There are 
several possible explanations for these results. For example, 
disorders of bone marrow caused by free radicals contained 
in oxidized oil lead to alteration in the production of RBCs, 
WBCs, and PLTs. Moreover, the hazardous constituents of 
oxidized oils cause kidney damage, specifically partial tubular 
atrophy, and result in erythropoietin production failure which, 
in turn, causes a decrease in RBC count. The consumption of 
oxidized oils cause damage not only to bone marrow and kid-
neys but also to the liver.23,24 It is likely, therefore, that damage 
to liver cells may have caused an insult in the body that con-
tributed to the observed increase in WBC count as a normal 
physiologic response. Liver damage also causes a decrease in 
iron storage (such as ferritin and hemosiderin), which likely 
contributed to the decrease in Hb concentrations found in our 
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study. In addition, the decrease in Hb concentration could be a 
consequence of reduced uptake of iron by the damaged intes-
tinal mucosa of the rats, which resulted in a reduced bioavail-
ability of iron in the system.4,7,25

In contrast, rats fed a diet containing OPO and the aqueous 
extract of Mentha piperita showed significant increases in 
RBCs, Hct, MCV, Hb, MCH, MCHC, LYMs, and PLTs, accom-
panied by significant decreases in RDW, WBCs, and MPV 
compared to rats fed a diet containing OPO only. The aqueous 
extract of Mentha piperita leaves is rich in phytochemicals, 
especially phenols and flavonoids such as rosmarinic acid, 
chrysoeriol, caffeic acid, salvianic acid, luteolin, salvigenin, 
thymonin and carnosol.26,27 Thus, the improvement in the 
hematological indices observed in our study could be attrib-
uted to the antioxidant activity of these compounds against 
free radicals.9,23,24,28 To our knowledge, this is the first study 
to investigate the effect of Mentha piperita on hematological 
indices changes induced by chronic consumption of OPO. 
However, our findings are consistent with a previous study, 
which reported that treatment with aqueous extract of Mentha 
piperita leaves significantly enhanced the decrease in RBCs, 
Hb, MCH, MCHC, and PLTs in rats with ethanol-induced gas-
troduodenal ulcers compared to the untreated group.11 Similar 
results were reported by Abdellatief et al. (2017), who found 
that treatment with peppermint essential oil rectified anemia 
resulting from diabetes and increased counts of leukocytes 
and PLTs in rats.10 Moreover, Samarth et al. (2004) showed 
that Mentha piperita oil protected the hematopoietic system 
against lethal gamma radiation in rats.9

Not only Mentha piperita but also Thymus vulgaris treat-
ment showed significant increases in RBCs, Hct, MCV, Hb, 
MCH, MCHC, LYMs and PLTs, accompanied by significant 
decreases in RDW, WBCs, and MPV compared to rats fed a diet 
containing OPO only. As with Mentha piperita, the aqueous 
extract of Thymus vulgaris leaves contains high amounts of 
phenolic compounds (including rosmarinic acid, quinic acid, 
luteolin-7-o-glucoside, protocatechuic acid, trans cinnamic 
acid, caffeic acid, naringenin, kaempferol, quercetin, apigenin, 
rutin, 3,4-di-O-caffeoylquinic acid, syringic acid, p-coumaric 
acid, naringin, acacetin, hyperoside (quercetin-3-o-galac-
toside), quercetrin (quercetin-3-o-rhamonosid), gallic acid, 
trans ferulic acid, apigenin-7-o-glucoside, 4-O-caffeoylquinic 
acid, chlorogenic acid, silymarin, catechin(+), luteolin and 
o-coumaric acid) which protect tissues and organs from oxi-
dative damage induced by OPO.12,29,30 No previous studies 
were found to reveal the protective effect of the aqueous 
extract of Thymus vulgaris on hematological indices in rats fed 
OPO. However, our results are in line with a study conducted 

recently by Abdallah et al. (2019), who found that administra-
tion of Thymus vulgaris to rats increased RBCs, Hb, MCHC, 
and LYMs reduced by the consumption of thermally oxidized 
sunflower oil.12 Similarly, treatment with Thymus vulgaris 
extract increased Hct, MCV, Hb, MCH, MCHC, LYMs, and 
PLTs in lead-intoxicated rats.31 Moreover, thymus oil was effi-
cient in ameliorating the alteration in RBCs, Hct, Hb, and 
WBCs observed in rats exposed to γ-radiation.14

Our results also showed that treatment with the combi-
nation of Mentha piperita and Thymus vulgaris showed better 
improvement in the RBC, WBC, and PLT indices of rats when 
compared with rats fed OPO treated with either Mentha pip-
erita or Thymus vulgaris. Furthermore, treatment with the 
mixture led to RBC, WBC, and PLT indices similar to those 
of rats fed a normal diet (control group). These results indicate 
that the mixture of the two plants was effective in rectifying the 
hematological changes induced by the consumption of OPO. 

This research confirms previous findings and contributes 
to our understanding of the effects of Mentha piperita and 
Thymus vulgaris on hematological changes induced by OPO 
consumption. The administration of both plants separately 
was effective in improving hematological indices. However, 
the mixing of them showed better improvements and was 
effective in rectifying the hematological changes induced by 
OPO. 
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