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ABSTRACT 

The complete blood picture or count (CBC) and different hematological 

measurments are widely used in the assessment of many  health problems such as 

cancer prognosis and progression. The roots of Chinese herb Tripterygium 

wilfordii (TW) is well-defined in Chinese alternative medicine since it is rich in a 

lot of beneficial components such as terpenoids, alkaloids and steroids.  The 

intratumoral treatment with TW ethanolic and aqueous extracts individually and 

mix of them at a dose (16 mg/ kg) in Ehrlich ascites carcinoma (EAC) bearing 

mice had ameliorated the different hematological parameters such as red blood 

cell count (RBCs), hemoglobin concentration, white blood cells (WBCs) count 

and differential, as well as platelet count near normal values. 

Treatment with cisplatin (2mg/kg) revealed many undesired hematological side 

effects like anemia, leukopenia and neutrophilia. Moreover, recently used 

inflamatory markers as prospective diagnostic parameters for cancer prognosis 

like monocyte lyphocyte ratio (MLR), neutrophil lymphocyte ratio (NLR), and 

platelet lymphocyte ratio (PLR) were decreased significantly after treatment with 

TW extracts. In conclusion, treatment of EAC bearing mice with different extracts 

of TW could have anticancer activity regarding their remarked effect in 

improvement of  distorted hematological parameters of the EAC bearing mice.   
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1. INTRODUCTION 

Cancer is one of the leading causes of death in the worldwide. Carcinoma of the liver, breast 

and urinary bladder are the most common malignancies among Egyptians of both sexes. The 

incidence rate of cancer cases in Egypt was 115,000 in 2013 in both sexes and it is estimated 

to have increased three-folds by the year 2050. Medical surgery, chemotherapy, and 

radiotherapy are the most common protocols in cancer treatments [2].  However, most of 

these regimens could have a number of severe toxicities, like hepatic, gastrointestinal, 

cardiac, and hematological in particular. Changes in the hematological measurements are 
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influenced by cancer, which affects the haemopoetic physiology at different levels [3]. As a 

result, hematological parameters have become widely used in assessing severity and 

optimizing treatment for various types of cancer. Furthermore, in cancer patients receiving 

radiotherapy and/or chemotherapy, hematological severe illnesses such as anemia, 

leukopenia, increased platelet count, and a decrease in RBC count and hemoglobin level are 

common [4]. Therefore, complete blood count is routinely required for all cancer patients to 

the monitor prognosis of several cancers. 

Different established hematological markers like erythrocyte indices, white blood cells 

count, and mean platelet volume or counts are widely used for the prognosis and disease 

staging of several types of malignancies. Moreover, systemic inflammatory markers such as 

neutrophil-lymphocyte ratio (NLR), monocyte-lymphocyte ratio (MLR), and platelet-

lymphocyte ratio (PLR) have been recently used as simple, inexpensive, and effective 

prognostic tumor markers in cancer with less or no patient discomfort. Several studies have 

elucidated that high NLR, MLR, and PLR values are associated with a prognosis in patients 

with esophageal, colorectal, lung, breast cancer, and malignant melanoma [5]. 

More than half of the currently used anticancer drugs are derived from natural products. 

Meanwhile, they are a rich source of potent but less toxic anticancer agents than 

chemotherapeutics. The Chinese herb Tripterygium wilfordii is (TW) a well-known Chinese 

traditional medicine. The leaves and flowers of this plant are highly poisonous, but the root 

is a source of various therapeutic components. Several biologically active terpenoids, 

alkaloids and steroids have been identified from this herb root. TW exhibits pharmacological 

activities against inflammation [6], autoimmune disorders [7], fibrosis, atherosclerosis, 

neurodegeneration [8], kidney diseases [9] and cancer [10]. The aim of this study was to 

investigate the effect of different extracts of TW on the haematological parameters in the 

EAC solid tumor model along with the effect of cisplatin, as a standard widely used 

chemotherapeutic medication.  

2. MATERIALS AND METHODS 

Collection and preparation of the plant material 

The roots of Tripterygium wilfordii (TW) were bought from Taobao, China and identified 

with the help of a taxonomist in the Botany Department, Faculty of Science, Port Said 

University. The roots were collected with acceptable bio-conservative methods and were 

properly sorted out, cleaned, and transported to the Biology laboratories at Port Said 

University, for drying and crushing. The roots are chopped into small pieces and grounded 

into a fine homogeneous powder using an electric mill followed by sieving through a mesh 

sieve and stored at room temperature until the extraction. 

Plant Extraction 

For ethanol extraction, the powder was rinsed three times in 95% ethanol for 2 hours with 

occasional shaking and filtered through four sheets of gauze, then twice on filter paper and 

dried by rotatory evaporation under reduced pressure to yield the ethanol extract. The crude 

extract was then kept at -20 ºC in sterile universal bottles until used [11]. For aqueous 

extract, the powder was extracted with distilled water as described in the Encyclopedia of 

Chinese Medicines with modifications. The extract was filtered by using filter paper and the 

filtrate was collected and frozen in an ice cube container. The frozen ice cube was freeze-
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dried (i.e. lyophilisation) to obtain a concentrated aqueous extract in powder form. The 

crude extract was then kept at -20 ºC in sterile universal bottles [12] . 

Experimental animals 

A total of 60 female Swiss albino mice, weighing 22–25 g, were purchased from the 

National Cancer Institute, Cairo, Egypt. Animals were separated into six groups, each of ten 

animals, and housed at the Animal House, Faculty of Science, Port Said University in plastic 

cages in a well-ventilated room (26 ± 2 °C) with a relative humidity of (40 ± 2%), a 12 hr 

light/12 hr dark cycle and free access to feed and water. All animal procedures and care 

were performed using guidelines from the international guiding principles for animal 

research. 

 

Induction of Ehrlich Solid Tumor 

A line of Ehrlich ascites carcinoma cells (EAC) used in the present study has been kindly 

supplied by the National Cancer Institute (NCI), Cairo University, Egypt. It was maintained 

in female Swiss albino mice by weekly intraperitoneal injection of 2.5x10
6
 tumor cells per 

mouse (in the right thigh of the lower limb of each mouse). The solid form was obtained by 

the intramuscular inoculation of 0.2 ml of EAC, which contained 2.5 x 10
6
 viable EAC cells. 

Mice with a palpable solid tumor that developed within 10 days after inoculation were used 

in the study [13]. 

Experimental Design 

Group I (Negative control group): 10 normal mice received 0.2 ml of saline daily for 14 

consecutive days. Group II (Positive control group; n=10) mice were inoculated with EAC 

cells and received 0.2 ml of saline intratumorally daily for 14 consecutive days. Group III 

(ethanolic extract treated group); 10 mice were inoculated with EAC cells and received 

(1/10 LD50) 16 mg/kg TW extract intratumorally for 14 consecutive days [14]. Group IV 

(aqueous extract treated group): 10 mice were inoculated with EAC cells and received (1/10 

LD50) 16 mg/kg TW daily for 14 consecutive days [14]. Group V (Mix extract treated 

group): 10 mice were inoculated with EAC cells and received (8 mg/kg ethanolic extract + 8 

mg/kg aqueous extract) intratumorally daily for 14 consecutive days. Group VI (Cisplatin 

treated group): 10 normal mice were inoculated with EAC cells and received 2 mg/kg of 

cisplatin intratumorally for 14 consecutive days [15].  

 

 

Determination of hematological parameters 

Hematological parameters and indices were determined from unclotted blood samples using 

standard protocols as described by [16]. The erythrocyte number, hemoglobin concentration 

(HB), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean 

corpuscular hemoglobin concentration (MCHC), red cell distribution width (RDW) and 

platelets were determined. Also, white blood cell, neutrophils, monocytes, lymphocytes, 

eosinophils, and basophil counts were evaluated by a Sysmex XN-550 automated 

hematology analyzer (Germany). The resulted data was confirmed by a hemocytometer 

using a bright microscope (ZEISS Primo Star). 
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Statistical analysis 

The data was subjected to statistical analysis with the level of significance set at P ≤ 0.05) 

using the statistical package for social sciences (SPSS) version 20 to determine any 

significant relationship between the groups. Results were expressed as mean ± standard error 

of mean (S.E.M). 

 

3. RESULTS 

1. Effects of TW extracts on erythrocytes and related parameters  

All root extracts of TW induced changes in erythrocytes and related parameters. Treatment 

with ethanolic, aqueous and a mixture of TW significantly increased the level of Hb and 

RBC count when compared with the EAC positive control and cisplatin treated groups 

(P<0.05). Interestingly, these latter parameters were non-significant (P > 0.05) as compared 

to control healthy subjects (Figs 1 & 2). There was a significant decrease (P<0.05) in the 

RDW of the TW treated groups when compared with the EAC and cisplatin-treated groups 

(Table 1). 

  

 

Figure 1. Changes in HB level in the blood of EAC-bearing mice after 14 days of treatment 

with TW extracts and cisplatin. The results are expressed as means ± S.E.M. (n= 6). 

Statistically significant differences between different groups compared with EAC positive 

control group are denoted by * (P < 0.05).  
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Figure 2. Changes in RBCs count in the blood of EAC-bearing mice after 14 days of 

treatment with TW extracts and cisplatin.  

 

Table 1 Effects of TW extracts  and cisplatin treatment on erythrocytic hematological  

parameters of different mice groups. 

 

 

The results are expressed as means ± S.E.M. (n= 6). Statistically significant differences 

between different groups compared with EAC positive control group are denoted by * (P 

< 0.05).  

 

2. Effects of TW extracts on total WBC and differential WBC counts in mice 

The root extracts of TW induced marked changes in total and differential WBC counts in the 

different mice groups. There was a significant decrease in the levels of total WBC count in 

the ethanolic, aqueous, mixed and cisplatin treated groups (P<0.01) when compared with the 

Parameter 

Groups 

Negative EAC Ethanol Aqueous Mix 
Cisplatin 

MCV 46 ± 0.08 43.7 ± 0.3 45.1 ± 0.6 44. 7 ± 0.7 45.8± 0.3 46.2 ± 0.3 

MCH 14.1 ± 0.02 13.6 ± 0.12 14.25 ± 0.18 14.4 ± 0.2 14.3 ± 0.3 14.3 ± 0.14 

MCHC 32.7 ± 0.4 30.6 ± 0.46 31.65 ± 0.46 32.47 ± 0.9 28.7 ± 0.96 33.38 ± 0.5 

RDW 29.2 ± 0.5* 33. 7± 0.9 30.03 ± 0.51* 30.2 ± 0.6* 30.4 ± 0.7* 33.6 ± 0.7 

Hematocrit 35.7 ± 0.7 26.0 ± 0.99 34.13 ± 0.45 34.1 ± 0.76 33.8 ± 0.9 26.37 ± 0.8 
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EAC positive control group (Fig 3). The TW extract caused a significant reduction (P<0.05) 

in neutrophil percentage when compared to the EAC positive control group. Contrarily, a 

highly significant increase (P < 0.05) in the percentage of lymphocytes was recorded in the 

TW treated groups (Fig 4). 

                    

 

 

 

 

Figure 3. Effect of TW extracts and cisplatin on WBCs count of EAC-bearing mice 

after 14 days of treatment. The results are expressed as Mean ± S.E.M. (n= 6). 

Statistically significant differences between experimental groups compared with EAC 

positive control group are denoted by * (P < 0.05). WBCs, white blood cells. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Pie chart showing WBCs differentiation in different treated groups after 14 days of 

treatment with TW extracts and cisplatin.  
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3. Effects of TW extracts on the total platelets count  

 Treatment with TW root extracts and cisplatin had significantly decreased platelet 

count (P<0.05) in all the treated groups compared with EAC positive control group. 

Meanwhile, Platelets count was significantly increased in the EAC non treated group 

compared with the normal negative control group (Fig 5). 

 

 

Figure 5. Changes in platelets count of EAC-bearing mice after 14 days of treatment with 

TW and cisplatin. The results are expressed as Mean ± S.E.M. (n= 6). Statistically 

significant differences between experimental groups compared with EAC positive control 

group are denoted by * (P < 0.05). 

4. Effects of TW extracts on NLR, MLR and PLR.  

A significant decline has been reported in NLR, MLR and PLR ratios in response to 

treatment with both ethanolic and aqueous extracts of TW when compared with the EAC 

positive control group (Figs 6, 7 & 8). Conversely, the cisplatin treated group showed non-

significant changes in MLR ratio compared with the EAC positive control group, while PLR 

and NLR ratios revealed a significant decrease compared with the EAC positive control 

group. 
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Figure 6. Changes in MLR ratio in the blood of EAC-bearing mice after 14 days of 

treatment with TW extracts and cisplatin. The results are expressed as Mean ± S.E.M. (n= 

6). Statistically significant differences between experimental groups compared with EAC 

positive control group are denoted by * (P < 0.05).  

 

 

 

 

 

 

 

 

 

 

Figure 7. Changes in NLR ratio in the blood of EAC-bearing mice after 14 days of treatment 

with TW extracts and cisplatin. The results are expressed as mean ± S.E.M. (n= 6). 

Statistically significant differences between groups compared with EAC positive control 

group are denoted by * (P < 0.05). 
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Figure 8. Changes in PLR ratio in the blood of EAC-bearing mice after 14 days of treatment 

with TW extracts and cisplatin. The results are expressed as Mean ± S.E.M. (n= 6). 

Statistically significant differences between groups compared with EAC positive control 

group are denoted by * (P < 0.05). 

 

 

5. DISCUSSION 

The complete blood picture or count (CBC) is used as an extensive screening assessment to 

monitor many health problems such as anemia and infectious diseases, in addition to many 

other health disorders like cancer and immunodeficiencies [17]. CBC includes a group of 

measurements that scan different compartments of the blood, which play a significant role in 

metabolism and are an essential index for healthiness in both humans and animals [18]. It 

has been recently established that some values of CBC like NLR, MLR and PLR are 

associated with the activity, illness and mortality of various inflammatory diseases and 

cancer in particular [19]. Obviously, hematological parameters possess numerous 

advantages owing to the fact that they are reasonable and valid, so they can aid oncologists 

in growing countries in forecasting cancer progression [20]. 

Anemia and myelosuppression are the most common hematological conditions in cancer 

patients, and their prevalence rises with routine treatments such as 

chemotherapy/radiotherapy, which has a damaging effect on the bone marrow. For instance, 

RBCs count, HB level may be decreased through destruction and/or the inability of the bone 

marrow to produce these cells [21]. 

In the current study, a decline in RBC count, HB level, and PCV values were detected in 

tumor bearing mice. This decline could be due to iron insufficiency or hemolytic and 

myelopathic illnesses reported in cancer [22]. Recovery of the HB content, PCV, and 
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ameliorating RBC count, almost near the normal values, was prominent in the treated mice 

with TW extracts indicating  the protective action of the TW extract treatment on the 

hemopoietic system [23]. Most of the flavonoids, existing in the TW extracts, defend against 

the deformability of RBCs and also enhance their osmotic fragility, so the RBCs and their 

indices were ameliorated after treatment with the extracts [24]. 

The present work revealed a significant decrease in RBC count and related indices following 

treatment with cisplatin. Routinely used anticancer chemotherapies such as cisplatin has 

been reported to induce anemia, attack of normal tissue causing blood loss, bone marrow 

malfunction with erythropoiesis disruption, and efficient iron deficiency as a result of 

inflammation [25]. While, the secondary erythropoietin deficiency following cisplatin 

treatment is attributed to the induced renal tubular damage. Interestingly, treatment with TW 

extracts restored and maintained normal values of RBC counts, revealing their 

hematopoietic protective effect without inspiring the remarked myelotoxicity of classical 

anti-cancer chemotherapies [25]. 

Spontaneous neutrophilic leucocytosis is recognized in carcinogenesis, while substances 

with anticancer activity tend to recover this disorder. So, one of the trustworthy features for 

assessing an anticancer medication is a reduction in the blood total WBC count of the 

tumorized animals according to their antineoplastic action [26]. In the current work, 

induction of cancer in EAC mice showed a significant increase in the total number of WBC 

by almost two times compared to normal mice, where this finding was in  line with previous 

studies [27]. Generation of myelotoxicity in EAC mice reflects the immunological 

importance of encountering the adversarial condition established by the chemotaxis of 

foreign bodies in the blood. Alternatively, an inflammatory reaction includes the infiltration 

of leukocytes, like neutrophils and monocytes, which are attracted by inflammatory 

mediators such as cytokines and chemokines that are released from cancer cells into the 

tumor microenvironment [28]. This reaction leads to redisposition of the vascular WBCs, 

which results in decreased lymphocyte number and increased neutrophil number. So, general 

inflammation can be demonstrated as neutrophilia, thrombocytosis, and relative 

lymphocytopenia [29]. 

 

Interestingly, our findings showed a noticeable decrease in WBC count and a rearranged 

distribution of neutrophils (%) and lymphocytes (%) in addition to platelet counts, but 

almost not to the normal values in all TW extracts treated mice. These results obviously 

elucidate their noteworthy antitumor effect against EAC. The antioxidants existing in the 

extracts could be accountable for this activity [23]. Likewise, phytochemical studies 

revealed the presence of many components such as flavonoids, alkaloids, and terpenoids in 

alcoholic extracts and they have been reported to possess anti-malignant and anti-mutagenic 

effects [30]. Leukopenia and lymphocytopenia have been reported after chemical treatment 

and remain one of the most common undesired effects of chemotherapy [25]. The current 

study revealed that treatment with cisplatin has a lymphopenic effect and induces an 

increase in neutrophils. It has been established that inflammatory reactions play a significant 

role in the growth and development, angiogenesis, and metastasis of many types of cancers 

[31]. A chemotherapeutic medication disrupts the adaptable immune reactions and modifies 

responses, leading to extraordinary inflammatory responses. Lymphocytes have an essential 

role in immune reactions as they detect and destroy malignant cells [32]. Furthermore, 
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neutrophilia has a role in cancer propagation and metastasis involving the liberation of 

reactive oxygen species (ROS) and/or nitric oxide and restoration of the tumor extracellular 

matrix. 

TW root extracts inhibit macrophage and lymphocyte release of pro-inflammatory cytokines 

and mediators, adhesion molecules, and matrix metalloproteinases [33]. So, the observed 

significant increase in lymphocytes in the TW extract treated group may indicate its immune 

modulating effect. 

Extraction is the key procedure by which bioactive composites can be gotten from biomass 

of plant materials. Accordingly, the main goal of the extraction method is to maximize the 

quantity of the target composites and get the highest biological actions of these extracts, 

which are not affected only by the extraction procedure but also by the solvent used during 

the process [34]. Current data showed a noticeably superior effect of the ethanolic extract, 

the superiority of the alcoholic extract over that of the aqueous one could be due to the 

existence of phenolic and flavonoid composites, which are absent in the aqueous extract 

solution. Hence, alcoholic extract has higher antioxidant protective activity.  

In the present work, an increased number of platelets counted was detected in the untreated 

EAC-bearing mice group. Notably, the platelet count was significantly decreased in the 

EAC-bearing mice after treatment with ethanolic and aqueous extracts in addition to 

cisplatin, demonstrating their obvious antiplatelet action. Increased blood platelet count is 

associated with survival and diagnosis in a variety of cancers, whereas promising antitumor 

agents should reduce the circulating platelet count [35]. Platelet count reduction inhibited 

and delayed tumor growth and improved patient survival in a variety of clinical and 

experimental models [36]. 

Parameters like red cell distribution width (RDW), neutrophils, lymphocytes, monocytes, 

platelets, and their ratios (NLR), (MLR) and (PLR) have been suggested as prospective 

diagnostic factors for cancer in a lot of studies [37].  

Increased NLR and MLR denote relatively superior neutrophils or monocytes, and inferior 

lymphocyte counts. High NLR and MLR values indicate an unjustified immune reaction, 

which diminishes the predictability of anti-tumor resolution. As systemic inflammation leads 

to changes in the circulatory blood leukocytes, it is suggested that NLR and MLR values can 

be considered as an indicator for forecasting malignancy invasion and severity [38]. The 

results of the current study revealed a remarkable, significant decrease in NLR, MLR, and 

PLR values in the TW extract treated mice. The bioactive components derived from the 

traditional Chinese medicinal plants of the Celastraceae family, such as celastrol 

and triterpenoid, which are isolated from TW, are known to have anti-inflammatory and 

anti-oxidant properties, enabling their use in numerous pharmacological applications. The 

increased platelet count is mostly associated with an increase in tumor cell migration level 

where it provides the necessary growth factors needed whereas tumor cells reach their target 

organ. Consequently, the increased PLR ratio can be measured as a sign of tumor evolution 

and vascular invasion recognized in cancer [39]. A significant correlation between 

neutrophil count and platelet count in cancer progression has been reported, and lymphocyte 

count may be associated with tumor stage due to its intrinsic cellular nature immune 

response in cancer eradication [40].  
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5.CONCLUSION 

The current study revealed a marked improvement in hematological parameters after 

treatment with TW extracts where cisplatin showed different side effects, such as anemia, 

leukopenia, and neutrophilia. Likewise, estimation of the NLR, MLR and PLR ratios, 

forecasting parameters as a prospective way of the invasiveness of cancer, was ameliorated 

after TW extracted treatment rather than cisplatin. Therefore, the usage of these values in the 

expectation of cancer invasiveness warrants further inclusive and forthcoming research 

studies before more employment in clinical applications to authorize these results and to 

clarify the prospective mechanism of common inflammatory reactions against cancer cells. 
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