


Phytochemical Analysis, in vitro Antimicrobial, Antioxidant, Anti-inflammatory, and Anti-hyperglycemic Activities of Root Extracts of Cissus aralioides (Welw)


Abstract
Background: Cissus aralioides is commonly found in tropical Africa with diverse therapeutic use in African folk medicine. Various parts of the plant have been utilized ethnopharmacologically as a remedy for microbial infections, arthritis, gout swelling, rheumatism, and some other diseases.
Objective: This work was to determine the phytochemical, antimicrobial, antioxidant, anti-inflammatory, and anti-hyperglycemic activity of root extracts of Cissus aralioides.
Materials and Methods: The root of C. aralioides were cold extracted with methanol, ethyl acetate, and n-hexane. The extracts were subjected to proximate, phytochemical analyses, antimicrobial, antioxidant, anti-inflammatory, and anti-hyperglycemic assays.
Results: The alkaloids and phenolic compounds were present in all the extracts. S. aureus was sensitive to the inhibitions of n-hexane and ethyl acetate extracts in a concentration-dependent manner. B. subtilis was susceptible to the activities of n-hexane extract in a dose-dependent manner. The extracts were also mildly active against the growth of C. albicans. Furthermore, the extracts were able to scavenge 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals as well as reduce the Ferric reducing antioxidant power (FRAP) in a dose-dependent manner. Methanol extract showed good anti-inflammatory activity, but not in a dose-dependent fashion.
Conclusion: The extracts of the plant have shown some pharmacological activities validating the folkloric use of the plant in treating various diseases. 
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Introduction

Medicinal plants have shown to be valuable as a raw material basis with therapeutic ability for the synthesis of novel medicinal compounds(1-3). Because of their therapeutic significance in regulating many linked chronic conditions such as diabetes, cancer, arthritis, and hypertension, research on bioactive natural chemicals rich in antibacterial, antioxidant, and anti-inflammatory qualities has recently developed significantly.
Cissus aralioides (Welw.) is a member of the Vitaceae family, which has been linked to several health benefits(4). In Nigeria, the leaves of C. aralioides are used ethnomedicinally to treat cuts, wounds, internal and external microbial infections, arthritis, rheumatism, dropsy, gout swelling, oedema, pulmonary problems, and the sap is used to treat eye conditions, sexual issues, germs(2), rheumatism, malaria(5-7). 
In spite of these, not much work has been conducted on Cissus aralioides (especially on its roots) to support its medicinal potential. In an attempt to bridge this knowledge gap, the current study investigated the phytochemical, antibacterial, antioxidant, anti-inflammatory, and anti-hyperglycemic properties of Cissus aralioides root extracts.






Materials and Methods

Collection and Identification of the Plant: The roots of Cissus aralioides were collected within the surroundings of the Adada River in Nsukka Local Government Area, Enugu State, Nigeria in June, 2020. The collected plant roots were identified and authenticated by Mr. Alfred Ozioko (The Chief Taxonomist) at the International Center for Ethnomedicine and Drug Development. Herbarium specimens were deposited in the herbarium of the International Center for Ethnomedicine and Drug Development (Voucher number: Intercedd/26059).
Preparation of Plant Extract: The extraction was carried out using the cold extraction method. The Cissus aralioides roots were washed, air-dried at room temperature, and ground into powder. 1 kg of dry root powder was then macerated with 6 liters, each of methanol, ethyl acetate, and n-hexane for 48 hours in an air-tight container at room temperature. The mixtures were filtered with a glass funnel embedded with cotton wool into a beaker and evaporated to dryness using a rotary evaporator at 40 °C and labeled CaRM (methanol extract), CaRE (ethyl acetate extract), and CaRH (n-hexane extract). 

Phytochemical Analysis: Freshly prepared extracts were subjected to quantitative and qualitative phytochemical analysis to determine the presence or absence of flavonoids, alkaloids, terpenoids, saponins, carbohydrates, resins, tannins, reducing sugars, glycosides, and proteins according to the methods described by(8-9). Proximate screening of the powdered root for moisture, ash, fiber, protein, oil, and carbohydrate content was determined using standard methods AOAC (2010)(10). The antimicrobial sensitivity of the extracts was determined using the agar-well diffusion method (11).
The antioxidant screening was done using the methods described by Shimada et al. and Benzie and Strain (12-13). 
The anti-inflammatory screening of the extracts was carried out using the methods as described by Re et al. and Marcocci et al. (14-15). Antihyperglycemic screening was done according to a technique previously described by Dabhade et al.(16). 
Statistical Analysis: Statistical Analysis: Data were analyzed by JASP (version 0.12.2). The data were presented as mean  standard deviation. In order to determine the significant difference in antioxidant and antidiabetic activities of the plant extracts, analysis of variance (ANOVA) was used. Group means were compared by Tukey’s test. P values less than 0.05 (p < 0.05) were considered to be statistically significant.



Results 



Table 1: Proximate Composition of C. aralioides Root Sample

	PARAMETERS 
	COMPOSITION (%)

	
	

	MOISTURE
	8.60+ 0.69a

	ASH
	7.55+ 0.13b

	PROTEIN
	6.43+ 0.40c

	FIBER
	13.81+ 0.14d

	OIL
	1.86+ 0.23e

	CARBOHYDRATE
	65.66+ 0.63f


*Values are mean scores ± Standard deviation of three (3) replicates
*Data in the same column bearing different superscript differ significantly (p < 0.05). 

Table 2: Qualitative Phytochemical of C. aralioides Root Extracts

	PHYTOCHEMICAL
	   CaRM
	       CaRE
	               CaRH

	SAPONINS
	-
	+
	++

	FLAVONOIDS
	-
	-
	+++

	ALKALOIDS
	+++
	+++
	+++

	TANNINS
	++
	+++
	+++

	STEROIDS
	-
	++
	+

	TERPENOIDS
	-
	+
	+

	GLYCOSIDES
	-
	-
	-

	CARBOHYDRATES
	-
	-
	-

	PROTEINS
	-
	-
	-

	ANTHOCYANINS
	-
	+
	-

	PHENOLICS
	+++
	+++
	+

	OILS AND RESINS
	-
	-
	-

	REDUCING SUGARS
	-
	+
	-



Key
+++ = Present in high concentration
+ = Present in moderate concentration
+ = slightly or sparingly present
- = Absent.




Table 3: Quantitative Phytochemical of C. aralioides Root Sample

	Phytochemical
	Composition (mg/100g)

	ALKALOIDS
	26.86+ 0.64a

	FLAVONOIDS
	3.06+ 0.08e

	PHENOLICS
	24.37+ 18.52b

	SAPONINS
	26.74+ 5.20a

	TANNINS
	13.77+ 9.24c

	STEROIDS
	5.40+ 3.81d

	TERPENOIDS
	2.06+ 0.59e


*Values are mean scores ± Standard deviation of three (3) replicates
*Data in the same column bearing different superscript differ significantly (p < 0.05). 



Table 4: Antibacterial Activities of C. aralioides Root Extracts.

	EXTRACT
	Zone of Inhibition (mm)

	
	Bacillus sp.
	K. pneumonia
	P. aeruginosa
	S. aureus
	E. coli
	S. typhi

	CaRM-5.0 mg/mL
	0.00±0.00a
	0.00±0.00a
	16.90±0.85a
	6.10±0.36a
	10.00±0.00a
	16.00±0.00a

	CaRM-2.5 mg/mL
	0.00±0.00a
	0.00±0.00a
	9.80±0.62b
	3.03±0.06b
	0.00±0.00b
	11.33±0.35b

	CaRM-1.0 mg/mL
	0.00±0.00a
	0.00±0.00a
	7.00±0.00c
	0.00±0.00c
	0.00±0.00b
	10.00±0.00c

	CaRM-0.6 mg/mL
	0.00±0.00a
	0.00±0.00a
	0.00±0.00d
	0.00±0.00c
	0.00±0.00b
	8.07±0.12d

	CaRH-5.0 mg/mL
	41.77±0.21b
	0.00±0.00a
	12.60±0.17e
	31.20±1.57d
	10.30±.26a
	0.00±0.00e

	CaRH-2.5 mg/mL
	40.10±0.17b
	0.00±0.00a
	7.00±0.00c
	30.53±0.55d
	7.20±0.26c
	0.00±0.00e

	CaRH-1.0 mg/mL
	25.67±1.15c
	0.00±0.00a
	4.40±0.10f
	22.13±0.23e
	6.00±0.40d
	0.00±0.00e

	CaRH-0.6 mg/mL
	20.00±0.00d
	0.00±0.00a
	2.30±0.20g
	13.00±0.00f
	3.00±0.00e
	0.00±0.00e

	CaRE-5.0 mg/mL
	14.87±0.23e
	0.00±0.00a
	6.80±.35c
	20.00±0.00g
	0.00±0.00b
	0.00±0.00e

	CaRE-2.5 mg/mL
	13.50±0.50e
	0.00±0.00a
	5.00±0.00f
	15.03±.06h
	0.00±0.00b
	0.00±0.00e

	CaRE-1.0 mg/mL
	12.00±0.00f
	0.00±0.00a
	0.00±0.00d
	7.60±0.79a
	0.00±0.00b
	0.00±0.00e

	CaRE-0.6 mg/mL
	10.10±0.17g
	0.00±0.00a
	0.00±0.00d
	2.93±0.12b
	0.00±0.00b
	0.00±0.00e

	Ciprofloxacin50 µg/mL
	36.83±0.76h
	41.67±2.08b
	41.67±1.15h
	24.33±0.58i
	21.90±1.01f
	35.57±0.31f


*Results are expressed as mean  SD (n = 3)
*Means in the same column with different superscripts are significantly different at p < 0.05.










Table 5: In- vitro Antifungal Activities of C. aralioides Root Extracts
	Extract
	Zone of Inhibition (mm)

	
	A. niger
	C. albicans

	CaRM-5.0 mg/mL
	10.00±0.00a
	8.00±0.00a

	CaRM-2.5 mg/mL
	6.17±0.29b
	3.70±0.52b

	CaRM-1.0 mg/mL
	0.00±0.00c
	2.83±0.29b

	CaRM-0.6 mg/mL
	0.00±0.00c
	2.00±0.00b

	CaRH-5.0 mg/mL
	21.37±1.23d
	24.33±1.15c

	CaRH-2.5 mg/mL
	10.00±0.00a
	21.33±1.15d

	CaRH-1.0 mg/mL
	0.00±0.00c
	14.07±1.81e

	CaRH-0.6 mg/mL
	0.00±0.00c
	12.00±0.00e

	CaRE-5.0 mg/mL
	13.00±0.00e
	23.90±1.01c

	CaRE-2.5 mg/mL
	6.67±0.58b
	22.00±0.00d

	CaRE-1.0 mg/mL
	0.00±0.00c
	13.23±1.57e

	CaRE-0.6 mg/mL
	0.00±0.00c
	10.00±0.00a

	Fluconazole 50µg/mL
	12.00±0.00e
	32.67±0.58f


*Results are expressed as mean  SD (n = 3)
*Means in the same column with different superscripts are significantly different at p < 0.05.







Table 6: Minimum inhibitory concentration (mg/mL)
	Isolate
	CaRM
	CaRE
	CaRH
	Control Drug

	S. typhi
	0.50
	12.50
	9.40
	0.10

	E. coli
	3.00
	16.00
	0.50
	0.50

	S. aureus
	2.00
	0.5
	0.5
	0.10

	P. aeruginosa
	1.00
	2.00
	0.50
	0.10

	S. pneumonea
	-
	-
	-
	0.50

	B. subtilis
	8.00
	1.00
	0.50
	0.50

	C. albicans
	0.50
	0.50
	0.50
	0.10





















Table 7: In- vitro Anti-oxidant Activities of C. aralioides Root Extracts

	Sample concentrations
	NITRIC OXIDE (%)
	DPPH (μg/mL)
	FRAP (mgAA/g)
	ABTS ASSAY (μmol/EAA/g)

	CaRM-250 mg/mL
	0.03± 0.00a
	0.78±0.04a
	18.23±0.24a
	6.50±0.50a

	CaRM-500 mg/mL
	0.05±0.00a
	0.83±0.03a
	22.67±2.08b
	7.17±0.29b

	CaRM-1000 mg/mL
	0.08±0.00a
	1.12±0.04b
	24.00±0.10b
	10.27±0.25c

	CaRE-250 mg/mL
	0.00±0.00a
	0.63±0.03a
	12.37±0.32c
	4.19±0.20d

	CaRE-500 mg/mL
	0.02±0.00a
	1.54±0.03c
	12.72±0.04c
	4.77±0.12e

	CaRE1000 mg/mL
	0.02±0.00a
	1.61±0.032c
	14.13±0.18c
	5.00±0.20e

	CaRH-250 mg/mL
	0.00±0.00a
	0.27±0.03a
	6.78±0.28d
	1.53±0.03f

	CaRH-500 mg/mL
	0.04±0.00a
	0.33±0.04a
	7.54±0.57d
	3.00±0.00g

	CaRH1000 mg/mL
	0.06±0.01a
	1.00±0.00b
	10.00±0.00e
	4.43±0.12e

	Ascorbic acid-1000 mg/mL
	5.37±0.15d
	45.97±0.96f
	85.88±0.29h
	16.20±0.18i

	Ascorbic acid-500 mg/mL
	3.46±0.04c
	40.07±0.12e
	80.55±0.03g
	9.13±0.05h

	Ascorbic acid-250 mg/mL
	2.14±0.16b
	37.43±0.12d
	68.15±0.26f
	5.03±0.06e


*Results are expressed as mean  SD (n = 3)
*Means in the same column with different superscripts are significantly different at p < 0.05.



Table 8: Anti-diabetic Activity of C. aralioides Root Extracts

	sample concentrations
	αAmylase inhibitory activities (%)
	Glucose uptake (%)

	CaRE-1000 mg/mL
	12.08±0.09c
	13.51±0.34c

	CaRE-500 mg/mL
	10.92±0.08b
	6.14±0.13b

	CaRE250 mg/mL
	8.73±0.03a
	1.26±0.21a

	CaRH-1000 mg/mL
	7.14±0.18f
	12.53±0.25c

	CaRH-500 mg/mL
	3.30±0.21e
	8.27±0.23d

	CaRH250mg/ml
	0.84±0.05d
	5.26±0.21b

	CaRM-1000 mg/mL
	18.00±0.00
	32.16±0.76

	CaRM-500 mg/mL
	13.96±0.09c
	26.47±0.33f

	CaRM-250 mg/mL
	7.52±0.43f
	20.96±0.07e

	Metformin -1000 mg/mL
	53.27±0.46i	
	68.00±0.00i

	Metformin -500 mg/mL
	47.53±0.90h	
	43.83±1.04h

	Metformin -250 mg/mL
	40.40±0.66g
	27.00±2.00f


*Results are expressed as mean  SD (n = 3)
*Means in the same column with different superscripts are significantly different at p < 0.05.

Table 9: Anti-Inflammatory Activities of C. aralioides Root Extracts
	Sample concentration
	Heat-Induced Hemolysis (%)
	Effect on Protein Denaturation (%)
	Proteinase Inhibitory Activity (%)
	Lipoxygenase Inhibition Assay (%)

	CaRE-250 mg/mL
	6.82±0.66a
	18.20±1.47a
	10.33±0.29a
	4.30±0.20a

	CaRE-500 mg/mL
	14.38±0.24b
	33.70±0.17b
	19.57±1.25b
	14.57±0.15b

	CaRE1000 mg/mL
	27.97±0.91c
	35.50±1.32b
	28.30±0.20c
	21.33±0.29c

	CaRH-250 mg/mL
	4.57±0.30d
	5.20±0.26c
	1.67±0.15d
	1.27±0.15d

	CaRH-500 mg/mL
	8.13±0.15a
	14.57±0.98d
	3.90±0.17d
	7.73±0.15e

	CaRH1000 mg/mL
	17.03±0.06e
	25.17±0.76e
	8.20±0.26a
	11.20±0.26f

	CaRM-250 mg/mL
	11.60±0.10f
	20.03±0.07a
	22.63±0.12e
	11.57±0.06f

	CaRM-500 mg/mL
	24.16±0.21g
	45.23±0.40f
	31.83±1.11f
	30.00±0.00g

	CaRM-1000 mg/mL
	40.50±1.32h
	51.93±1.01g
	48.31±0.20g
	54.67±2.08h

	Diclofenac -250 mg/mL
	24.93±0.50g
	75.88±1.53h
	35.33±1.15h
	45.00±0.00i

	Diclofenac -500 mg/mL
	49.57±0.75i
	84.37±0.55i
	63.50±0.71i
	75.67±1.15j

	Diclofenac -1000 mg/mL
	75.00±0.01j
	88.40±1.55i
	85.40±0.66j
	86.33±2.31k


*Results are expressed as mean  SD (n = 3)
*Means in the same column with different superscripts are significantly different at p < 0.05.

 Discussion
The results of the proximate composition of C. aralioides sample (Table 1) showed that carbohydrates (65.6567%) and crude fiber (13.810%) were the highest concentrations in the sample, followed by moisture (8.6033%), ash (7.550%), proteins (6.4333%) while oil was the least content (1.8600%).
The result of qualitative phytochemical analysis of C. aralioides root extracts (Table 2) showed that alkaloids, phenolic compounds, and tannins were present in all the extracts. The reduction of the abundance of phenolic compounds in n-hexane extract is in line with our previous report that reduction in the polarity of the solvent decreases the abundance of phenolic compounds(17). Though a higher abundance of tannins in n-hexane is against our previous report since tannins being a polar compound should be more in methanol. Saponins were found in n-hexane extract in moderate abundance and sparingly present in ethyl acetate extract, and absent in methanol extract. This showed a more hydrophobic nature of saponins(18). Alkaloids were found in high abundance in all the extracts which validated the use of the plant in the treatment of certain types of cancer(19). However, glycosides, proteins, oils, and resins were absent in all the extracts. The absence of steroids in the methanol extract is not surprising, since they are lipophilic compounds(10) and the abundant presence of steroids in C. aralioides oil as reported by Oduje et al(20) confirms their lipophilic nature.
The result of the quantitative phytochemical analysis of the same plant (Table 3) showed that alkaloids, phenolic compounds, and saponins were abundant in the plant. 

The antibacterial activity of CaRM, CaRH and CaRE extracts of C. aralioides at concentrations of 0.6, 1.0, 2.5 and 5.0 mg/mL against Bacillus sp., K. pneumonia, P. aeruginosa, S. aureus, E. coli and S. typhi are shown in Table 4. CaRH extract showed a significant inhibitory effect on the growth of tested gram-positive bacteria strains, showing higher zone of inhibition than that of CaRM and CaRE extracts at all concentrations used. The CaRH extract demonstrated inhibitory effect against four of the bacterial strains (Bacillus sp., P. aeruginosa, S. aureus and E. coli). CaRE extract was effective against three strains only (Bacillus sp., P. aeruginosa, S. aureus).  CaRM extract exhibited effect against four strains only (P. aeruginosa, S. aureus, E. coli and S. typhi). The results also showed that none of the extracts exhibited inhibitory activity against K. pneumonia. The inhibitory effect of CaRH extracts against Bacillus sp. (41.77±0.21 mm at 5.0 mg/mL) and S. aureus (31.20±1.57 mm at 5.0 mg/mL) was significantly higher (p < 0.05) than that of the standard drug, ciprofloxacin with corresponding values of 36.83±0.76 mm and 24.33±0.58 mm. The results further showed that gram-positive bacteria strains were more susceptible to the extracts compared to gram-negative bacteria strains.
Our result supports the findings of Assob et al(4) who revealed that ethyl acetate leaf extract of the plant showed diameter inhibition of 23 mm and MIC value of 0.31 mg/mL against S. aureus. However, the good sensitivity of P. aeruginosa to inhibition of ethyl acetate leaf extract reported by the authors is against our findings on inhibition of growth of the organism by ethyl acetate root extract (Diameter inhibition- 6.80±0.35, MIC- 2.0 mg/mL).  The high activities of the extracts justified the use of the plant in treating internal and external microbial infections(21)and sores(22). 
K. pneumonia was resistant to inhibition of all the extracts in all concentrations, while S. typhi was only susceptible to the activity of methanol extract in also dose-dependent manner.

All the extracts exhibited antifungal activity against A. niger and C. albicans. The maximum zone of inhibition was observed in the CaRH extract at concentration of 5.0 mg/mL with 21.37±1.23 mm and 24.33±1.15 mm against A. niger and C. albicans respectively. At concentration of 5.0 mg/mL, CaRH (21.37±1.23 mm) and CaRE (13.00±0.00 mm) extracts exhibited significantly (p < 0.05) higher inhibitory effect against A. niger compared to fluconazole standard (12.00±0.00 mm).

The result of antifungal analysis of the extracts indicated that at 5 mg/mL and 2.5 mg/mL, A. niger was susceptible to the activity of all the extracts, while at lower concentrations, the extracts showed no inhibition against the growth of the organism. At 5 mg/mL, both ethyl acetate and n-hexane extracts showed higher activity than fluconazole at 50 µg/mL. The mild inhibition of extracts against C. albicans in a dose-dependent manner, is in line with the report of Assob et al(3).

Antioxidant results
Nitric oxide radical scavenging activity
In the current assay, the C. aralioides extracts CaRM, CaRE and CaRH were studied for their inhibitory effects on the formation of nitric oxide radicals with ascorbic acid as standard. The CaRM, CaRE and CaRH showed maximum inhibitory capacity of 0.08±0.00%, 0.02±0.00%, 0.06±0.01% respectively at 1000 mg/mL, while ascorbic acid standard at the same dose demonstrated 5.37±0.15%. The results indicated that the percentage inhibition of CaRM, CaRE and CaRH extracts at all concentrations used were significantly different from that of the standard compound, Ascorbic acid (p < 0.05) (Table 7).
DPPH radical scavenging activity
The DPPH radical scavenging activity of the different extracts of C. aralioides at varying concentrations are presented in Table 7. All extracts showed scavenging effect in a dose-dependent manner. At 500 and 1000 mg/mL concentrations, CaRE extract exhibited DPPH radical scavenging activity of 1.54±0.03 and 1.61±0.03 μg/mL, respectively which were significantly higher (p < 0.05) than those of CaRM and CaRH at the same concentrations Moreover, CaRH showed less activity at all concentrations. These results showed that the roots of C. aralioides contained significantly (p < 0.05) lower amount of DPPH radical scavenging compounds when compared to the standard, ascorbic acid.
Ferric-reducing antioxidant power
The ferric reducing antioxidant ability of the extracts indicated moderate ferric-reducing antioxidant power (FRAP) activity (Table 7). Among the extracts, the highest FRAP activity 24.00 ± 0.10 mgAA/g was noted for CaRM at 1000 mg/mL concentration while CaRH at the same concentration showed the lowest FRAP activity (10.00 ± 0.00 mgAA/g). According to these results, CaRM, CaRE and CaRH extracts had significantly (p < 0.05) lower FRAP activity compared to that of the standard compound, Ascorbic acid. The ethyl acetate and methanol extracts of C. aralioides exhibited outstanding ferric-reducing antioxidant power activity which is the line with the report of Helfand et al.(23). 

ABTS radical scavenging activity
The different extracts of C. aralioides exhibited good ABTS radical scavenging effects in concentration dependent manner (Table 7). CaRH extract showed the lowest ABTS radical scavenging activity compared to that of the CaRE and CaRM. The ABTS activity of CaRM extract at 250 mg/mL (6.50±0.50 μmol/EAA/g) was significantly higher (p < 0.05) from that of the standard compound, ascorbic acid (5.03±0.06 μmol/EAA/g). The results revealed that CaRM extracts demonstrated efficient ABTS radical scavenging activity comparable to the standard, ascorbic acid. Our findings were in line with those of Jegadeeswari et al.(24). 


Antidiabetic Result
The α-amylase inhibitory strength and glucose uptake of C. aralioides extracts CaRM, CaRE and CaRH are presented in Table 8. The CaRM-1000mg/mL exhibited significantly higher  (p < 0.05) percentage α-amylase inhibition and glucose uptake with values of 18.00±0.01% and 32.16±0.76% respectively, compared to CaRE-1000 mg/mL (12.08±0.09% and 13.51±0.34%), and CaRH-1000 mg/mL (7.14±0.18% and 12.53±0.25%).  21.70 ± 0.67 μg/mL and 21.43 ± 0.32 μg/mL (Fig. 1). These results suggest that the CaRM has strong α-amylase inhibition and glucose uptake capacity while CaRH has lesser percentage inhibition.
Also, it is noteworthy to mention that phytochemicals such as phenolics, alkaloids, flavonoids, glycosides, terpenoids, and saponins could have contributed to the antidiabetic potency of the plant sample(25).

Anti-inflammatory Result

Effect on Heat-Induced Hemolysis
The percent inhibition of extracts of C. aralioides roots and diclofenac on heat-induced hemolysis of red blood cells (RBC) membrane at different concentrations in the range of 250–1000 mg/mL, is given in Table 9. The effects of CaRE, CaRH and CaRM extracts of C. aralioides heat-induced hemolysis was concentration-dependent. CaRM extracts showed significantly higher (p < 0.05) percentage of hemolysis inhibition compared to other two extracts studied. Compared to the standard diclofenac, there were no statistically significant (p < 0.05) differences between the hemolysis inhibition produced by CaRM-500 mg/mL (24.16±0.21%) and that produced by Diclofenac-250 mg/mL (24.93±0.50%). CaRH extracts at concentrations of 250, 500 and 1000 mg/mL showed significantly (p < 0.05) lower hemolysis inhibition of RBC membrane by 4.57, 8.13 and 17.03%, respectively, compared to 24.93, 49.57 and 75.00% produced by Diclofenac at the same concentrations. The order of the inhibition % of extracts of C. aralioides roots was CaRM > CaRE > CaRH.
Effect on Protein Denaturation
The percentage of inhibition of protein denaturation of the extracts was within the range of 5.20 to 51.93% at the concentration range of 250–1000 mg/mL (Table 9). CaRM extracts exhibited significantly higher (p < 0.05) levels of inhibition followed by CaRE extracts whereas CaRH extracts showed the lowest inhibition levels compared to the standard, diclofenac. A maximum percentage inhibition of (51.93±1.01) % was observed at 1000 mg/mL for the CaRM extract, and (88.40 ± 1.55) % at 1000 mg/mL for the anti-inflammatory standard, diclofenac.
Proteinase Inhibitory Activities
The proteinase inhibitory activity of the different extracts of C. aralioides is shown in Table 9 and the extracts were found to have strong inhibitory effect. CaRM-1000 mg/mL inhibited proteinase with 48.31±0.20% compared to CaRE-1000 mg/mL and CaRH-1000 mg/mL with percent inhibition of 28.30±0.20% and 8.20±0.27% respectively. CaRM-1000 mg/mL (48.31±0.20%) have shown significantly higher (p < 0.05) proteinase inhibition level compared to the standard anti-inflammatory drug, diclofenac-250 mg/mL (35.31±1.16%). By comparing the inhibition values of each extract to the standard, the order of percentage inhibition was CaRM > CaRE > CaRH. In comparison to the others, the C. aralioides methanol extract 250 mg/mL of the root displayed the strongest proteinase inhibitory activity and the most anti-denaturation of protein effect which validated the findings of Anosike et al.(26).
Lipoxygenase Inhibition Activity
Lipoxygenase inhibition levels of the extracts were within the range of 1.27–54.67% at the different concentrations used (250 – 1000 mg/mL). CaRM showed the highest ability to inhibit lipoxygenase activity (about 54.67%) at 1000 mg/mL concentration, while CaRH has shown the least inhibitory activity (11.20%) at the same concentration. Compared to the standard diclofenac, there were statistically significant (p < 0.05) differences between the lipoxygenase inhibition levels produced by CaRM, CaRE and CaRH, and that produced by the standard, diclofenac. The anti-inflammatory action of C. aralioides root extracts in vitro might be attributed to the presence of alkaloids, tannins, and phenolic compounds present in all root extracts(27). 

Future Recommendation: Isolation of the antidiabetic, anti-inflammatory compounds from the root of C. aralioides is recommended.
Conclusion
This study showed that Cissus aralioides root extracts showed antioxidant, anti-inflammatory, antibacterial, and antihyperglycemic activities. This could be as a result of some metabolites found in the extracts of the plant. Isolation of those metabolites responsible for the activities exhibited by the plants is currently been done by our team.
Significance statement: The anti-inflammatory, antidiabetic, antioxidant and antimicrobial screening of root extracts of Cissus aralioides was conducted and it was observed that the plant exhibited good activities which is considered a weed in South Eastern Nigeria has shown that anti-inflammatory. 
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