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Abstract: Nonsteroidal anti-inflammatory drugs have a number of side effects. However, some medicinal herbs have anti-inflammatory properties with few side effects. This study aimed to determine the effect of the aqueous extract of Gongronema latifolium (AEGL) leaves on the level of tumor necrosis factor-α (TNF-α), transforming growth factor-β (TGF-β), aspartate aminotransferase (AST), and alanine aminotransferase (ALT) in rabbits. Enzyme-linked immunosorbent assay (ELISA) was performed to determine the effect of the AEGL on the activities of pro-inflammatory cytokine (TNFα), and regulatory cytokine (TGF-β) in rabbits. Also, a colorimetric method was performed to evaluate the levels of AST and ALT. Overall, the weight of the animals increased until the 21st day and then slightly decreased in the last week of treatment. AEGL showed significant (p < 0.05) inhibitory activity against pro-inflammatory and regulatory cytokines. The greatest inhibitory activities against TNF-α (21 days) and TGF-β (14 days) were obtained at a dose of 400 mg/kg of AEGL. No hepatotoxicity was observed within a 28-day period. This study showed that AEGL can be used as a safe herbal anti-inflammatory and immunomodulatory treatment. Further clinical trials are needed to approve this potential.
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1  Introduction

Inflammation causes the immune system to respond to invading factors such as toxins, pathogens, and damaged cells. While the initial inflammatory response serves to heal, repair tissues, and maintain homeostasis, persistent inflammation can be problematic [1]. These invading factors trigger acute or chronic inflammatory responses in the body’s organs, leading to cellular damage and disease [1].

Two cytokines that play an important role in the inflammation process are tumor necrosis factor-α (TNF-α) and transforming growth factor-β (TGF-β) [2–4]. TNF-α or cachectin is a pro-inflammatory cytokine involved in inflammation-associated carcinogenesis. Depending on the cellular signaling pathway, TNF-α can be a tumor promoter or a cancer destroyer [5,6]. TNF-α plays contradictory roles in cancer immunology due to its multifunctionality [5,6]. Its pleiotropic nature could be due to the fact that TNF-α is produced by various cellular sources such as macrophages, monocytes, T lymphocytes, and natural killer (NK) cells [5–7].

TGF-β is a regulatory immunosuppressive cytokine that blocks interleukin-15 induced activation of the serine and threonine kinase, mTOR (mammalian target of rapamycin) and elicits an anti-inflammatory activity [8]. TGF-β suppresses the cytotoxic activity of NK cells as it downregulates the production of interferon-γ (IFN-γ), TNF-α, and granulocyte-macrophage colony-stimulating factor (GM-CSF) [8].

Plants, drugs, and potential therapeutic agents that combat inflammation alter cytokine secretion by modulating various protein complexes and pathways [3,9]. Nonsteroidal anti-inflammatory drugs have a number of side effects. However, some medicinal herbs have anti-inflammatory properties with few side effects [10,11]. So far, the anti-inflammatory effects of various plants including Curcuma longa, Zingiber officinale, Salvia officinalis, Ribes nigrum, and Rosmarinus officinalis have been reported [11]. A wide variety of diseases including inflammation have been treated by Africans for centuries using medicinal plants. A variety of medicinal plants on the African continent are known to have anti-inflammatory properties, few of which have been studied [11]. Plants have several constituents with anti-inflammatory properties including terpenes, alkaloids, and phenolic compounds such as lignans, coumarins, tannins, saponins, and especially flavonoids [12]. These compounds can affect several enzymes involved in inflammatory pathways such as ATPase, metallopeptidases, and prostaglandin synthesis by inhibiting the arachidonic acid pathway [12].

Gongronema latifolium Benth commonly called utazi in southeastern Nigeria belongs to the family of non-woody plants called Asclepiadaceae. It grows as an herb in tropical and subtropical Africa, South America, and some parts of Asia [13]. In traditional medicine, it is used as a spice and vegetable and in the treatment of chronic diseases like diabetes mellitus, hypertension, mental disorder, and infectious diseases like malaria [13,14]. Phytochemical compounds found in G. latifolium include saponins, glycosides, alkaloids, and tannins (flavonoids) [15]. The effects of this plant on immunological factors including TNF-α and TGF-β have rarely been studied in vivo. Hence, this study aimed to investigate the in vivo effects of this plant on TNF-α and TGF-β. The results obtained from this research may initiate the process of possible development of nutraceutical products that can support the immune system of cancer patients.

2  Materials and Methods

2.1 Experimental Animals

Twenty mixed breed male weaner rabbits (Oryctolagus cuniculus) each weighing 1.0–1.5 kg were used in the study. The rabbits were obtained from the Animal Bioresources Division of the Bioresources Development Center, Isanlu (Kogi state, Nigeria), handled by an experienced veterinarian. The rabbits were in good health and were conditioned for two weeks in the cages before the commencement of the experiment. No antibiotics were administered during this period. The room temperature was 28 ± 2°C, relative humidity was in the range of 36%–40%, and there was a 12 h light/dark cycle. The rabbits were fed with standard commercial pelleted feed (Vital feed® Nigeria). Roughage and water were also provided ad libitum. The handling of the rabbits and experimental design were approved by the proposal/animal Ethics Committee of the Faculty of Pharmaceutical sciences, Nnamdi Azikiwe University, Agulu, Anambra state, Nigeria and conformed to international standard.

2.2 Preparation of Aqueous Extract of Gongronema latifolium (AEGL)

The leaves of G. latifolium were obtained from a farm in Ndi Ibe village, Ohafia, Abia State, Nigeria and identified by the taxonomist in the herbarium of the National Institute for Pharmaceutical Research and Development (NIPRD) and assigned a voucher number NIPRD/H/6968. The leaves were dried at room temperature for 4 weeks, de-stemmed and pulverized. A total of 1800 g powdered leaves of G. latifolium were soaked in 24 L water for 24 h. The solution was filtered and concentrated using a rotary evaporator. The sticky extract was dried on a water bath and then stored in a refrigerator at 4°C. Different concentrations were later prepared using distilled water [16].

2.3 Experimental Design and Sample Collection

The rabbits were divided into 5 groups of 4 rabbits each and treated as follows: Group 1: untreated control (no extract; no multivitamins), Group 2: treated control (0.33 ml of multivitamins per kg body weight), Group 3: 200 mg/kg of extract, Group 4: 400 mg/kg of extract, and Group 5: 600 mg/kg of extract. Treatments were administered daily by intubation for a period of 28 days. Animals were weighed just before treatment and then weekly to adjust the volume of the AEGL administered for as long as treatment continued. The 100 ml of EMVITE multivitamin syrup (Emzor, Nigeria) contained: vitamin A 100 IU, vitamin B1 150 µg, vitamin B2 1500 µg, vitamin B12 2500 µg, nicotinamide 10 mg, vitamin C 50 mg, and vitamin D 200 IU. Blood samples (1 ml) were obtained from the ear vein or lateral saphenous veins of the rabbits by an experienced veterinarian on Days 0, 7, 14, 21 and 28 of treatment. The blood was centrifuged at 2000 rpm for 10 min and the serum obtained. The animals were not sacrificed and none died after the experiment. They were therefore used for other studies after a waning period.

2.4 Assay of TGF-β and TNF-α by Sandwich Enzyme-Linked Immunosorbent Assay (ELISA)

The TGF-β and TNF-α were assayed using the sandwich ELISA kit (Elabscience, China) according to the manufacturer instructions. Briefly, 100 μl of each standard or serum samples were added to the wells of the microplates and incubated at 37°C for 90 min. The microplates were washed 3 times. Then, 100 μl of the conjugate working solution was added and incubated at 37°C for 30 min. Then, 90 μl of substrate reagent was added and incubated at 37°C for 15 min. The reaction was terminated with the addition of 50 μl of the stop solution. The optical density of the ELISA reaction was read at 450 nm (GF-N3000 Microplate reader, England) and the results were calculated.

2.5 Assay of Aspartate Aminotransferase (AST) and Alanine Aminotransferase (ALT)

A colorimetric method was performed for the evaluation of the aminotransferases level using AST and ALT Fortress Diagnostics, UK kit according to the manufacturer’s instructions. Briefly, 100 μl of each sample was added to 0.8 of buffer/enzyme reagent and 200 μl of coenzyme reagent and mixed thoroughly. After 1 min, the absorbance was measured at a wavelength of 340 nm.

2.6 Statistical Analyses

The results were expressed as mean ± standard error in the mean (SEM). Experiments were laid out in a completely randomized design and subjected to analysis of variance (ANOVA) using GraphPad prism 5 software. Significant means were separated using the Duncan multiple range test at the 95% confidence interval (p < 0.05).

3  Results

The schematic findings of the current study are shown in Fig. 1. The yield of the plant extract was 185.1 g (10.32%). Until the 21st day, the weights of the animals increased overall, (Fig. 2), then slightly decreased in all groups in the last week of the experiment. A 2-Way ANOVA of Fig. 2 showed that the interaction between treatments and time of evaluation accounted for approximately 3.23% of the total variance in the animals’ weight (p-value = 0.9996). The interaction was not considered significant. However, the treatments (controls and extracts) accounted for about 19.89% of the total variance in the animals’ weight with a p-value of 0.0016. The effect was considered highly significant. Therefore, it can be concluded that the treatments significantly increased the animals’ weights. However, the effects of the extracts were not significantly better (p-value > 0.05) than those of the controls (positive or negative controls). Also, the time (days) of evaluation of the animals’ weight accounted for about 13.38% of the total variance in the animals’ weight with a p-value of 0.0156. The effect was considered significant. The time of assessment had a significant effect on the weight of the animals.
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Figure 1: Schematic findings of treatment of weaner rabbits with 200, 400, and 600 mg/kg AEGL on the levels of TNF-α, TGF-β, AST, and ALT
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Figure 2: Effects of treatments on the animals’ weight. Group 1: Untreated control (no extract; no multivitamins), Group 2: Treated control (0.33 ml of multivitamins per kg body weight)*, Group 3: 200 mg/kg of extract, Group 4: 400 mg/kg of extract, and Group 5: 600 mg/kg of extract

The data in Fig. 3 indicated that there was a significant (p < 0.05) difference in TNF-α production on Days 0, 7, and 21 in all groups. There was no significant (p > 0.05) difference in TNF-α levels on Days 14 and 28. There was no significant (p > 0.05) effect of time on TNF-α production in Group 2 and Group 5 over the period of 28 days. On the contrary, there was a significant (p < 0.05) effect of time on TNF-α production in Group 1. Fig. 3 also revealed a marginally significant effect in Group 3 and Group 4 over the period of 28 days. The trend revealed that Group 4 maintains an almost steady decline from baseline levels until Day 21. However, undulating trends are seen as cytokine levels decrease from Day 0 to Day 7 (Groups 1, 2, and 3), increase from Day 7 to Day 14 (Groups 1, 2, and 3), and decrease from Days 14 to 21 (Groups 1, 2, and 3). High baseline values were also observed in Group 3 (838.75 pg/ml) and Group 4 (1,385 pg/ml).
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Figure 3: The effect of different doses of AEGL and time on TNF-α levels

Fig. 4 revealed that TGF-β levels were significantly (p < 0.05) different in all the groups, in Days 0 and 7, while they were not significantly (p > 0.05) different on Days 14, 21 and 28. The data from Fig. 4 also showed that there was no significant (p > 0.05) effect of time on TGF-β production in Group 2 and Group 5 over the period of 28 days. On the contrary, there was a significant (p < 0.05) effect of time on TGF-β production in Group 1, Group 3, and Group 4 over the 28-day period. The trend as seen in Fig. 4 revealed that Group 4 maintained a steady decline from baseline levels up to Day 14. However, undulating trends were seen as cytokine levels decreased from Day 0 to Day 7 (Groups 1, 2, 3, and 5) and increased from Day 7 to Day 14 (Groups 1, 2, 3, and 5). Fig. 4 also revealed high baseline values for Groups 3 and 4. There was a significant decrease in TGF-β levels in Groups 3 and 4, suggesting that AEGL is a natural TGF-β inhibitor. Over the period of 28 days, the greatest TGF-β inhibitory activity occurred in Group 4 (400 mg/kg AEGL). TGF-β levels decreased from 1455 to 386.5 pg/ml in a period of 21 days. This suggests a maximum effective dose of 400 mg/kg of AEGL administered at 21 days. The highest TGF-β level was seen on Day 0 in Group 4; while lowest TGF-β level was seen on Day 21 in Group 5.
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Figure 4: Effects of AEGL and time on TGF-β levels

A two-way analysis of variance (ANOVA) of Fig. 5 showed that the interaction between AEGL treatments with different doses and treatment duration (days) accounted for about 16.15% of the total variance in the AST levels with a p-value of 0.1685. The interaction was not considered significant. Also, the treatments accounted for about 3.40% of the total variance with a p-value of 0.3255, so the effect of treatments with different doses was not considered significant. However, the duration of treatment (days) accounted for approximately 29.18% of the total variance with a p-value < 0.0001. The effect of duration of treatment on AST level was considered highly significant. Therefore, it can be concluded that the decrease in the AST level is due to the duration of treatment. The effect of time (duration) was considered highly significant. The Fig. 5 showed the effect of different doses of AEGL and time on AST activity (U/L). The AST values on Days 0 and 7 were significantly (p < 0.05) different in all groups, while they were insignificant (p > 0.05) on Day 14. The AST values on Days 21 and 28 were moderately significant in all groups. Also, the AST values in Groups 1, 3, 4, and 5 were significantly different (p < 0.05) over the period of 28 days, whereas the values in Group 2 were not significant (p > 0.05). The Fig. 5 revealed a downward trend in all groups in the first 7 days of the experiment. The value of Group 4 continues to decrease, indicating that the greatest antioxidant activity is attained at the dose of 400 mg/kg AEGL.

[image: images]

Figure 5: AST levels (IU/L) for a period of 28 days

Two-Way ANOVA of Fig. 6 showed that the interaction between the treatment with different doses of AEGL and time accounted for approximately 57.49% of the total variance in the ALT levels with a p-value < 0.0001. The interaction was considered highly significant. This means that the combined effects of the different doses of AEGL and time significantly affected the ALT levels.

The AEGL doses accounted for approximately 17.63% of the total variance in the ALT levels with a p-value < 0.0001. The effect of the AEGL on the ALT activity was considered highly significant. Also, time (duration) accounted for approximately 13.38% of the total variance with a p-value < 0.0001.

In Fig. 6, ALT values were significantly different (p < 0.05) on Days 0, 7, 14, 21, and 28. Also the ALT values in Groups 1, 2, 3, and 5 were significantly different (p < 0.05) over the period of 28 days, while the values in Group 4 were not significantly different (p > 0.05).
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Figure 6: ALT levels (IU/L) for a 28-day period

4  Discussion

A majority of plant species have not yet been chemically or biologically studied, especially when it comes to anti-inflammatory action, making them an important source of molecules for the development of new drugs, which increases the interest of various industries in looking for compounds derived from these sources [12]. In this study, the G. latifolium effects were investigated on the levels of TNF-α and TGF-β. The overall weight gain of the animals up to the Day 21 showed that the extracts had no negative effects on the animals, while the slight decrease in mean weights in all groups could be attributed to physical stress.

Also, the results indicated that TNF-α levels decreased significantly (p < 0.05) from Day 0 to Day 7 in all groups. This down-regulation of TNF-α seen in the first week may be due to the anti-inflammatory properties of AEGL [17]. Antagonists of Th1-derived TNF-α can be obtained from many natural resources including Stryphnodendron adstringens, Campomanesia lineatifolia, Terminalia glabrescens, and Illicium verum [18].

According to the anti-inflammatory effect (reduction of Th1-derived TNF-α production), the undulating pattern in Groups 2, 3, and 5 may be due to a dynamic interplay between Th1-derived TNF-α and NK cells derived TNF-α production between Day 7 and Day 21. Simultaneously (although it takes longer) the ligands that trigger the activating receptors of NKC initiate TNF-α production which peaks at Day 14. An upward trend observed in any group over the period of 28 days may indicate NK cell-induced TNF-α production. In this NKC-associated process, TNF-α interacts with TNF receptor 2 (TNFR-2) to trigger the c-Jun N-terminal kinase (JNK) signaling pathway, which promotes apoptosis [19,20]. Over the period of 28 days, the greatest TNF-α inhibitory activity occurred in Group 4 (400 mg/kg of AEGL). TNF-α levels decreased from 1385 to 358.5 pg/ml in a period of 21 days. This indicated a maximum effective dose of 400 mg/kg AEGL administered after 21 days. The initial high TNF-α levels in Groups 3 and 4 may be due to an ongoing inflammatory process in the rabbits produced by Th1 cells. In this process, TNF-α interacts with TNF receptor 1 (TNFR-1), which triggers the nuclear factor κB (NF-κB) pathway which promotes cell survival and inflammation [20–23]. Inflammation is usually characterized by an increased TNF-α and a deregulation of TNFR signaling [24–26]. The highest TNF-α level was observed on Day 0 in Group 4; while the lowest TNF-α level was seen on Day 21 in Group 5. In line with our results, a previous study by Okesola et al. [27], reported the anti-inflammatory effects of AEGL on reduction of TNF-α and C-reactive protein (CRP) in diabetic Wistar rat model. Also, Ojo et al. [28], showed that G. latifolium leaf extract can exhibit anti-inflammatory effects by lowering the levels of interleukin-6 (IL-6) and IL-2 in alloxan-induced diabetic Wistar rats. The anti-inflammatory activity of AEGL may be explained by the presence of multiple anti-inflammatory compounds such as flavonoids and saponins that act synergistically [12,15].

There was a significant reduction in TGF-β levels in Groups 3, and 4 suggesting that AEGL is a natural TGF-β inhibitor. Several herbal products are known to inhibit TGF-β production in target cells. Like corilagin extracted from Phyllanthus niruri L., AEGL could also block TGF-β/AKT/ERK/Smad signaling pathways which culminates in the inhibition of the growth of the ovarian cancer cell lines SKOv3ip and Hey [29]. TGF-β is a regulatory cytokine that promotes metastasis and its inhibition is therefore a therapeutic strategy in the treatment of cancer [23,30]. So far, the effect of various plants including Scutellaria baicalensis and Fritillaria cirrhosa extracts has been reported on reducing the levels of TGF-β [31]. But by searching scientific databases, no study was found that showed the effect of the AEGL on TGF-β.

In this study, the production of two examined cytokines was affected in a dose and time dependent manner. Rabbits receiving 400 mg/kg, showed significant activity for the two cytokines, indicating the maximum effective dose for AEGL (21 days for TNF-α; 14 days for TGF-β). Although known for its remarkable antioxidant and NK cell stimulatory properties, the administration of 0.33 ml of multivitamins per kg body weight did not show sufficient efficacy compared to 400 mg/kg AEGL. High baseline values in Groups 3 and 4 could indicate an inflammatory process before the start of the experiment. However, it is important to note that the results and interpretations may have been negatively affected by several factors, including the complex interactions of the cytokine network, the nature of cytokines, genetic differences, experimental methodology, and sample related issues [32]. The greatest inhibitory activities against TNF-α (21 days), and TGF-β (14 days) were achieved at a dose of 400 mg/kg of AEGL.

All studied groups had physiological ranges for AST (10–98 IU/L) and ALT (19–73 IU/L). However, AEGL significantly decreased the activity of AST and ALT in a dose and time-dependent manner. The decreasing levels of aminotransferases indicated a reduction in hepatocyte damage and the presence of hepatoprotective compounds in the AEGL. The phytochemical constituents of G. latifolium have been reported to have effects on cellular proteins possessing some enzymatic activities [15,33]. Also, a previous study by Meng et al. [34] from China, showed the hepatoprotective effect of 10 medicinal plants including Amomum kravanh and Pueraria lobata by lowering the levels of AST and ALT. Likewise, the extracts of plants such as Hibiscus sabdariffa and Zingiber officinale are known to significantly reduce the levels of AST and ALT due to their antioxidant effects in combating lipid peroxidation in the liver [35–37]. All aminotransferase results in all groups were within the physiological range, indicating that there was no hepatotoxicity within the 28-day period. This indicated a remarkable nutraceutical potential of AEGL. The results of the current study confirmed the previous findings by Sulaiman et al. [38] that showed a drop in the levels of AST and ALT in G. latifolium-treated Wistar rats. Their study found that ethanolic extract of G. latifolium leaves and stems had no hepatotoxic effects.

While these results may indicate activation of T cells and NK cells responsible for TNF-α production, further work is needed to validate the direct efficacy of the bioactive compounds on these groups of immune cells. It is also possible that the activity of unwanted bioactive compounds could overshadow the effect of the activity of the other compounds. It is therefore necessary to identify and isolate the important bioactive compounds for in vitro assays.

The current study had some limitations due to financial constraints and traffic restrictions caused by the COVID-19 virus pandemic. In this study, other inflammatory markers including CRP and IL-6 were not assayed. Also, other hepatotoxicity markers such as alkaline phosphatase, glutamate dehydrogenase, and Micro RNA 122 were not evaluated. The third limitation was that the constituents of the plant were not investigated by gas chromatography mass spectrometry (GC-MS) and high-performance liquid chromatography (HPLC). The fourth limitation was the lack of an inflammatory animal model.

5  Conclusion

The AEGL showed significant anti-inflammatory and immunomodulatory activities with no hepatotoxicity. To further investigate NK cell mediated cytokine production of TNF-α, the use of cultured NK cells and cancer cell lines would be required. This would be more specific as only the activities of NK cell derived cytokines would be revealed. This study has shown that AEGL can be used as a safe herbal anti-inflammatory and immunomodulatory treatment. Further clinical trials are needed to approve this potential.
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