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Objective: Lippia nodiflora (L.) Michx. (Verbenaceae) has been used in indigenous medicine and claimed to possess a wide range of biological activities, including anticancer activity. The present study was designed to assess the in-vitro and in-vivo anticancer effect of Lippia nodiflora (L) Michx on the EAC cell line. Methods: EAC tumour-bearing mice were used to study in vivo anticancer activity. Monitoring the mean survival time and the impact on glycoproteins, antioxidant enzymes, and haematological and biochemical parameters allowed for the assessment of activity. Result: When it came to in vivo cytotoxicity against EAC cell lines, the EELN was quite successful. At the studied dose levels (100, 200, and 300 mg/kg bw), EELN had a strong effect on the hemopoietic system and considerably (P<0.05) extended the mean survival time in in vivo investigations. The liver marker enzymes and antioxidants were recovered by the EELN. Results from the data generated were similar to those from animals given the common medication 5-fluorouracil. Conclusion: According to the current study, EELN significantly increased antioxidant and anticancer activity in mice that carried EAC.
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Introduction

Cancer continues to be a severe and clinically complex illness that places a heavy financial and social load on the human health care system. Millions of people worldwide are still impacted by the condition, which lowers their quality of life and is one of the main causes of death globally, despite recent improvements in diagnosis, prevention, and treatment [1]. Chemotherapy, radiation, and surgery are the main cancer treatments accessible in modern medicine. Theoretically, it makes more sense to use chemopreventive drugs to intervene in the early stages of carcinogenesis rather than trying to use chemotherapeutic agents to remove fully grown cancers. Drug resistance and dose-limiting toxicities, which can negatively impact host cells, can cause the therapy to fail, and these medicines have a limited margin of safety [2]. Numerous alternative medicine systems that have developed over time and started in particular geographic locations are founded on conventional theories and philosophy. The Unani, Ayurvedic, Sidha, and Chinese medical systems—which have their roots in the Arab, Indian, and Chinese cultures, respectively—are the most popular of these. More than 700 distinct botanical extracts and a number of medication compositions that promise to treat and/or prevent a variety of illnesses, including cancer, have been identified by these medicinal systems [3]. It is well recognised that plants and plant-derived products are efficient and creative chemopreventive medicines for the treatment of cancer [4-6]. Plant-based anticancer medications make up over 60% of FDA-approved medications. Numerous natural plant extracts and phytochemicals have been shown to cause cancer cell types to undergo apoptosis [7, 8]. Currently, investigations show the following plant and their plant-derived substances are used to cure many pharmacological activities, including cancer. These plants are medicinally distributed in Asia, Africa, Europe, Australia, and South America. [9] Lippia nodiflora (L.) Michx. was therefore chosen for the study to assess its anticancer potential. An ethanol extract from Lippia nodiflora (L.) Michx (family Verbenaceae) was chosen, and it was tested for anticancer properties against EAC cell lines. According to reports, Lippia nodiflora (L.) Michx is an antiseptic, antitussive, antipyretic, vermifuge, and anti-inflammatory substance. [10-12].
MATERIALS AND METHOD Plant collection and extraction
The leaf of Lippia nodiflora (L) Michx was gathered in the Tamil Nadu region of Trichy. Voucher specimens that were placed in the “Rapinat Herbarium at St. Joseph's College in Trichy were used to validate the selected plant material, which was identified using Flora of the Presidency of” Madras [13]. As stated, the voucher specimen number is DK001.
Preparation of Ethanol Extract

Lippia nodiflora (L.) Michx plant material was collected and shade-dried. Using the cold extraction procedure, 250 g of dried plant material was steeped in ethanol for 48 hours. Filter paper was used to filter the solution, and the filtrate was then dried by evaporation. For additional examination, the residue was gathered and kept in an airtight container. [14]
Cell Line

The Amala Cancer Research Centre in Thrissur, India, provided the EAC (Ehrlich Ascites carcinoma) cell lines. The cells were inoculated intraperitoneally once every week at a dose of
1×10^6 cells/mouse.[15].

Maintenance of EAC Cells

Weekly intraperitoneal passage was used to maintain the Ehrlich Ascites Carcinoma (EAC) cell line, which was gathered from the Amla Cancer Research Centre in Thrissur (1×106 cells/mouse). For experimentation, cell viability was assessed via trypan blue assay and counted by hemocytometer, with a dose of 1×106 EAC cells administered per mouse [16]. Experimental design
Biogen, located in Bangalore, provided the “healthy adult Swiss Albino mice of both sexes, weighing between 25 and 35 grams. Ten days before the trial, the animals were given time to get used to the lab environment. Standard cages made of polypropylene were utilized to house the animals. Each cage has enough room for six animals to prevent needless stress and death. In addition to being kept at 23 ± 2°C and 65 ± 5% humidity, the animals have been kept in the regular daylight cycle. Standard rat chow pellets from Sai Durga Foods and Feeds in Bangalore, India, were” used to feed the animals. After receiving the required committee approval, all research was carried out in accordance with CPCSEA's ethical criteria (Approval No: M.Phil/BC19/CPCSEA).
Six sets of six mice (of both sexes) each were created from the animals.

Group I: Normal Control

Group II: EAC cell line (1X106 cells/mouse) (Disease Control)

Group III: EAC cell line (1X106 cells/mouse) treated with 100 mg/kg bw. of EELN Group IV: EAC cell line (1X106 cells/mouse) treated with 200 mg/kg bw. of EELN Group V: EAC cell line (1X106 cells/mouse) treated with 300 mg/kg bw. of EELN Group VI: EAC cell line (1X106 cells/mouse) treated with 5-fluorouracil (20 mg/kgbw). EELN - Ethanol Extract of Lippia nodiflora (L.) Michx.
EELN administration began 24 h post-tumor inoculation and continued orally for 14 days. Animals “were sacrificed by cervical decapitation following the experimental periods, and the ascites fluid was gathered. After drawing blood, liver tissue was removed and cleaned in ice-cold saline. [17]
Effect of EELN on survival time and Tumor growth response

The mean survival time (MST) and the percentage increase in longevity (ILS) were calculated [18]. Ascites fluid was used to measure the tumor volume, tumor cell count, and viable and non-viable cell counts” in order to evaluate the tumor growth response [19].
Hematological parameters

Erythrocytes (RBC), haemoglobin, and leucocytes (WBC) were counted after the whole blood was drawn [20].
Biochemical parameters

Serum and hepatic tissue were examined for a number of biochemical markers. Hepatic glycogen [22] and serum protein [21]. Hepatic glycoproteins such protein-bound hexoses [25], hexosamine [26], and fucose [27], as well as serum hepatic marker enzymes like AST, ALT, and ALP [23], LDH [24], and antioxidant parameters like LPO [28], GSH [29], GPX [30], SOD [31], and CAT [32] were examined in the liver.
Statistical Analysis

Mean ± SEM was used to express the experimental data. ANOVA was used for statistical analysis, and P> 0.05 was regarded as highly significant.

RESULTS

Effect of EELN on MST and Tumor response

Compared to the disease control, EELN administration resulted in a dose-dependent increase in  life  span  (ILS)  of  13.09%  (100mg/kg bw),  35.55%  (200mg/kg bw),  and  59.05% (300mg/kg bw) in the tumor-bearing animals (Table 1). In EAC-bearing animals, EELN significantly inhibited tumor growth (Graph 1). The efficacy was demonstrated by a reduced tumor volume and a shift in cellular population, specifically a decrease in viable cells and an increase in non-viable cells.
Effect of EELN on Haematological parameters

Administration of the drug (EELN) reverted the elevated WBC counts back to normal (Graph

2) while also increasing the levels of haemoglobin and RBC.

Effect of EELN on Biochemical parameters

Elevated levels of tissue hepatic glycoprotein components (hexose, hexosamine, and fucose) (Graph 3) and serum hepatic marker enzymes (ALT, AST, ALP, and LDH) (Graphs 4 and 5)
were measured to evaluate the impact of EELN administration in EAC-bearing animals. The liver antioxidant levels, including reduced glutathione, catalase, lipid peroxide (LPO), and superoxide dismutase (SOD), were also measured (Graph 6). In the mice with tumours, the LPO level was much higher.
DISCUSSION

Cancer is considered one of the deadliest diseases and the drugs used to treat cancer have been reported to produce severe tissue toxicity, accompanied by high cost. Plant extracts and chemicals have been a significant source of a number of anti-cancer drugs with practical applications. These consist of paclitaxel (taxol®), topotecan and irinotecan, vinblastine, vincristine, variants of camptothecin, etoposide, and epipodophyllotoxin. Based on their selective efficacy against molecular targets linked to cancer, several promising novel anticancer medicines are currently undergoing clinical development. Lippia nodiflora (L.) Michx is a common plant source that is botanically equivalent to it in this study. The ethanol extract of chosen plant medication has been examined for its anticancer potential against EAC cell lines after it was determined to belong to the Verbenaceae family.

The lifespan of EAC-bearing mice was considerably extended by the EELN. The fact that most anticancer medications have a brief half-life and cause serious side effects presents a substantial obstacle to extending the life span (survival) attained by cancer treatment. The test drug (EELN) increased the life span of tumour-bearing animals by up to 59.05%. The primary source of nourishment for the quickly proliferating cancer cells is the ascites fluid [33]. In the ascitic fluid of tumour-bearing mice, EELN therapy decreased both the tumour volume and the proportion of viable cells. It's possible that the test medication caused cytotoxicity or prevented cellular migration and vascular permeability. As a result, the tumour's volume decreased throughout treatment (EELN).

Cancer chemotherapy frequently affects haematological parameters, including RBC, WBC, and haemoglobin levels. The cancer-bearing animal's enhanced immune response to the EAC injection led to lower haemoglobin and RBC levels and increased WBC levels. EELN therapy restored the haematological profile to normal in EAC-bearing animals, markedly raised the haemoglobin and erythrocyte counts, and simultaneously reduced the WBC count.

One factor contributing to the harmful consequences of cancer chemotherapy is the disturbance of haematological parameters in animals with tumours. In EAC-inoculated animals,  the  decreased  haemoglobin  is  likely  due  to  the  oppressive  effect  of  EAC  on
erythropoiesis, while the elevated WBC levels are attributed to an increased immune response. In EAC-bearing mice, EELN markedly reduced the WBC count while increasing the erythrocyte count and haemoglobin level. This suggests that the haematological profile is changed by EELN to a more or less normal state. [34 & 35].

The degree of malignancy is connected with the activity of liver marker enzymes (AST, ALT, and ALP), which can be utilized as a prognostic and diagnostic sign for cancer. Anaerobic glycolytic enzyme LDH is known to be a significant indicator of malignancy and the proliferation of cancer cells. There have been numerous findings linking higher LDH levels to cancer [36]. The increased serum hepatic marker enzyme was successfully reversed by administering the EELN at different dose levels, and LDH showed that the test medication successfully prevented the metastasis.

The elevated glycoprotein components (hexose, hexosamine, and fucose) in EAC- bearing animals suggest cellular damage. EELN treatment may inhibit glycosidase activity to preserve the plasma membrane's structural integrity, a mechanism that supports its potent anticancer effects. The increased glycoproteins could be due to the damage of hepatocytes and are a characteristic feature of a cancer cell [37].

Superoxide dismutase (SOD), lipid peroxide (LPO), reduced glutathione, and catalase were among the criteria used to estimate the antioxidant capability of EELN in the liver tissues of EAC-bearing mice. It was discovered that the tumour-bearing mice had significantly higher LPO levels. The liver's elevated levels of malondialdehyde (MDA) indicate increased lipid peroxidation, which damages tissue and impairs antioxidant defences against the production of too many free radicals. The increased MDA levels returned to normal following EELN therapy. It's possible that the test medication decreased the production of free radicals, which in turn decreased membrane damage and LPO levels.

Compared to the normal control, the glutathione concentration in the tumour-bearing animals was less than half. The experimental animals' glutathione levels rose after receiving EELN, which promotes the inhibition of the neoplastic process and lengthens the lifespan of the tumour-bearing animals. Glutathione deficiency and elevated hydroxyl radical generation are the main causes of decreased GPx function in tumour-bearing mice. The GPx level is restored with EELN therapy.
One of the most crucial enzymes in the enzymatic antioxidant defence system and the most sensitive enzyme indicator of liver damage is the metalloprotein superoxide dismutase (SOD). Because of mitochondrial depletion and Mn+ disintegration in the SOD system, SOD activity is reduced in tumour-inoculated animals [38]. The tumour-bearing mice's SOD levels rose after receiving an EELN therapy, suggesting that it may shield the mitochondria from oxidative damage.

All tissues contain the enzyme antioxidant catalase (CAT), although the liver and red blood cells have the highest levels of activity. The heme protein catalase is found in either microperoxisomes or peroxisomes. In order to shield the cell from oxidative damage brought on by H2O₂ and OH (hydroxyl radical), this enzyme catalyses the breakdown of H2O₂ into water and oxygen. CAT levels have been notably lower in the disease control group [39]. The scavenging of superoxide radicals during EELN treatment raised CAT levels; this could be explained by the catalase's increased activity as the ferrous group is reinstated.

Its potential as an inhibitor of tumour-induced intracellular oxidative stress was demonstrated by the reduction of lipid peroxidation and the rise in GSH, GPX, SOD, and CAT activities following treatment with varying dose levels of EELN.
CONCLUSION


In conclusion, the data obtained from studies conducted against the EAC cell lines strongly suggest that EELN possesses significant anticancer and antioxidant properties. The most effective dose of EELN was found to be 300mg/kg bw when compared to the conventional medication 5-fluorouracil (20mg/kg bw).
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Table 1: Effect of EELN on MST and ILS

	Groups
	Mean Survival Time (days)
	Increase Life span (ILS) (%)

	Group I
	19.32±2.13
	-

	Group II
	21.85±1.17*
	13.09*

	Group III
	26.19±2.07
	35.55

	Group IV
	30.73±1.86**
	59.05**

	Group V
	34.2±2.26**
	77.01**


Values: Mean ± S.E.M, n=6, *Statistically significant at the level of p<0.05 when comparing

Group II

Graph 1: Effect of EELN on tumor growth
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Values are Mean ± S.E.M, n = 6. *p<0.05statistically significant when compared to Group I.
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Graph 2: Effect of EELN on Haematological parameters
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Graph 3: Effect of EELN on Hepatic Glycoproteins
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Graph 4: Effect of EELN on serum hepatic marker enzymes
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Graph 5: Effect of EELN on serum hepatic marker enzymes
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Graph 6: Effect of EELN on Enzymatic and Eon-enzymatic Antioxidant
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