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ABSTRACT 

Objectives: Malaria remains a huge cause of morbidity and mortality in Nigeria. Plasmodial resistance demands 

novel drugs to arrest this trend. Natural sources have yielded potent antimalarial agents in the past. While many 

plants have been screened for antimalarial properties, few reports (if any) are available for the screening of 

macrofungi. This study evaluated the anti-plasmodial activity of the aqueous and methanolic extracts of the 

macrofungi Lentinus submidus in murine models.  

Materials and Method: Standard murine models were used to screen the aqueous and methanolic extracts of 

Lentinus submidus for analgesic (hotplate method), anti-inflammatory (rat-paw oedema method) and antiplasmodial 

activities (in vivo prophylactic and curative methods). 

Results: Phytochemical screening established the presence of alkaloids and steroids. Significant dose-dependent 

analgesic activity was observed with both aqueous and methanolic extracts, maximum activities occurring at 500 

and 900mg/kg body weight, respectively (p<0.05). Maximum anti-inflammatory activity, measured by percentage 

inhibition of egg albumin-induced increase in paw-size, was 56% compared to 47% produce by the standard drug 

(indomethacin). Maximum prophylactic parasitaemic suppression was observed at 250mg/kg body weight for both 

extracts. Curative tests resulted in 100% suppression of plasmodia (p<0.05). Survival time of infected and treated 

animals was significantly increased in contrast to vehicle control group. 

Conclusion: The extracts of the macrofungi Lentinus submidus have antiplasmodial, analgesic and anti-

inflammatory actions which offer opportunities for further investigation. 
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1.  INTRODUCTION 

Malaria remains a public health challenge in developing countries including Nigeria. Statistics show that malaria 

was responsible for 500,000 deaths in 2013 out of over 50 million reported cases [1] and 6 out of 10 hospital 

admissions in the same year [2]. The development of resistance by plasmodia parasites to efficacious medicines is a 

major threat to the success of diagnosis and treatment of malaria. Resistance to artemisinin has been reported in the 

Thai-Cambodian border, a notorious starting point of resistance to anti-malarial drugs over the decades [3]. It is 

imperative that the search for novel molecular skeletons, from which possible new leads can be developed, 

continues in order to provide alternative safe and effective medicines for the treatment of malaria. Mitigation 

measures must be directed at vector control and chemotherapy, among others. The human host bears the direct 

consequence of malaria infection and successful chemotherapy removes the reservoir from which infective 

plasmodia parasites can be derived. 

Basidiomycetes are macrofungi (mushrooms) and in Nigeria, interest in them is limited to their nutritional benefits, 

with little or no emphasis on their medicinal properties. However, literature reveals a plethora of beneficial 

properties attributable to mushrooms, especially in the Orient. Their anti-oxidant, anti-neoplastic, antimicrobial, 

hypotensive, anti-diabetic and hypo-lipidaemic properties have been reported [4]. 

This study was carried out to investigate the anti-plasmodial, analgesic and anti-inflammatory activity of the 

aqueous and methanolic extracts of the basidiomycetes Lentinus submidus in murine models. 

 

2.   MATERIALS AND METHODS 

2.1 Mushroom collection and extraction 

Whole fruiting bodies of Lentinus submidus were collected in Calabar - Nigeria in April 2012. The fungus was 

identified by Dr S.G. Jonathan of the Department of Botany, University of Ibadan. 

mailto:samotkede@yahoo.com
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Five hundred and eighty grams of the shade-dried powder was exhaustively soxhlet-extracted for 72hours, 

separately with water and methanol, at 96
O
C and 63

O
C, respectively.  The extracts obtained were evaporated to 

constant weight on a water bath set at 55.0+1
0
C. The crude extracts were stored at 4

0
C until required for use.  

 

2.1 Animals 

Abino balb/c mice (25g average weight) and Swiss albino rats (175g average weight) were obtained from the 

Animal House Facility of the University of Jos- Nigeria. Plasmodium berghei (NK65) chloroquine-sensitive rodent 

parasite was sourced from National Institute for Medical Research (NIMR) Lagos, Nigeria. Parasites were 

maintained by continuous re-infection of healthy mice in the animal house unit of University of Jos, Nigeria. All 

animals were kept under standard light-dark time cycle of 12 hours, fed standard pelletized feed and allowed access 

to water ad libitum.  

Institutional approval for use of experimental animals was sought and obtained. Animal care, experiments and 

maintenance were conducted according to institutional guidelines. 

 

2.2 Phytochemical evaluation 

Phytochemical evaluation of the extracts was carried out using standard protocols [5]. 

 

2.3 Determination of Mean Lethal Dose (MLD) 

The MLD (LD50) was determined in mice according to the method of Locke [6] using both extracts. Briefly, nine 

mice were divided into three groups of three mice each and administered 10, 100 and 1000 mg/kg body weight of 

the extract intraperitoneally. A second phase was carried out using 1500, 3000 and 5000 mg/kg when no mortality 

was recorded in the first phase after 24 hours. The LD50 was calculated as the square root of the product of the 

lowest lethal dose and highest non-lethal dose. 

 

2.4 Analgesic evaluation 

Analgesic activity was determined using the method described by Asif [7]. Briefly, 15 mice were randomly grouped 

into 5 groups of 3 mice each, representing a positive control group (1.0 mg/kg pentazocine - Helco, India), a 

negative control group (0.1ml normal saline) and 3 experimental groups (225, 450 and 900 mg/kg of extract).  

The mice were placed in a glass beaker on an aluminum hot plate at 55±0.5
o
C for a maximum time of 30 seconds. 

The time taken to react to thermal norciception, indicated by paw-licking and jumping was noted. Measurements 

were taken at 0, 30, 60, 90, 120 and 180 minutes after administration of extract. The test was repeated with the water 

extract with new sets of animal. 

 

2.5 Anti-inflammatory activity 

The method described by Asif [7] was employed with slight modifications. Twenty five rats were divided into five 

groups of five. Groups 1 and 2 were administered indomethacine (2.0 mg/kg) and normal saline (0.1ml) 

respectively, while groups 3,4 and 5 were administered 225, 450 and 900mg/kg body weight of the extracts, 

intraperitoneally. 

Paw size was measured with the aid of a vernier calliper at 30, 60, 120, 180, 240, and 300 minute after sub-planter 

injection of 0.1ml egg white. The test was repeated with the water extract with new sets of animal.   

 

2.6 Test of prophylactic activity against Plasmodium berghei 

Experimental animals were inoculated with 0.2ml (10
5
 parasites) obtained from a donor mouse. Prophylactic activity 

was determined using the method described by Peters [8]. Briefly, 20 mice were grouped into 4 groups of 5 mice 

each, representing 3 extract-treated groups (225,450 and 900 mg/kg body weight), a negative control group (0.2ml 

normal saline) and a positive control group (Chloroquine 5mg/kg). All treatments were administered 

intraperitoneally daily for 4 days (D0 – D3). On the fifth day (D4), animals were inoculated with 10
5
 Plasmodium 

berghei. Seventy-two hours later, the level of parasitaemia was assessed microscopically using x100 objective from 

thin blood smear. The test was repeated with the water extract using new sets of animal. 

 

2.7 Test of curative activity 

This was determined according to protocols described previously [9]. Briefly, inoculated 20 mice were divided into 

4 groups of 5 mice each on day 0 (D0). Parasitaemia was established 72 hours later, following which treatment was 

commenced according to the scheme shown below:  

 Group 1 = 0.2ml normal saline 

 Group 2 = Chloroquine 5 mg/kg body weight 

 Group 3, 4 and 5 received extract at doses of 225, 450 and 900 mg/kg body weight  
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intraperitoneally, respectively. 

Giemsa-stained thin blood film of blood collected from the animals’ caudal vein was made and examined 

microscopically under x100 magnification. The test was repeated with the water extract using new sets of animal. 

The percentage parasites growth inhibition was calculated using the formula: 

% parasite inhibition = {(Po-Pt)/Po}*100 

Where: 

Po = Parasitemia in negative control group 

Pt = Parasitemia in treatment group 

2.8 Statistical analysis 

Values are expressed as mean ± SEM and data were analyzed by Student’s t-test. Experimental groups were 

compared with negative control groups and differences observed at 0.05% probability were deemed to be 

statistically significant. 

 

3.    RESULTS 

The percentage yield for the aqueous and methanolic extracts were 8.00% and 4.78% respectively. 

The water extract had higher levels of carbohydrates, flavonoids and glycosides. Alkaloids and steroids were present 

in the methanolic extract. It is postulated that the higher yield of the aqueous extract is due to the presences of 

carbohydrate, which are polar in nature. 

3.1 Acute toxicity test 

The mean lethal dose in rats via the intraperitoneal route for the aqueous and methanolic extracts were 2121 and 

3872 mg/kg body weight, respectively.  

3.2 Analgesic and anti-inflammatory screening 

Both extracts prolonged reaction time to thermal norciceptive stimuli, compared with vehicle control, though 

surpassed by the reference drug pentazocine, while significantly inhibiting egg-white induced increase rat in paw 

size. 

 

 

TABLE 1: Effect of water extract of Lentinus submidus on reaction time to thermal stimulus in mice 

                                                               REACTION TIME (Seconds) 

Treatment             30mins                 60mins                  90mins                    120mins                150mins                180mins 

 

 

Normal saline   7.58 ± 0.24           9.36 ± 0.10          10.23 ± 0.02            9.41± 0.05           10.25 ± 0.09           9.51 ± 0.28 

 

Pentazocine     30.56 ± 0.25**     34.13 ± 0.28**     37.07 ± 0.34**       44.49 ± 0.18**     50.21 ± 0.09**      52.28 ± 1.06** 

1.0mg/kg   

 

Extract 

       125mg/kg   8.54 ± 0.24            9.57 ± 0.25          10.29 ± 0.11            12.39 ± 0.07**    11.26±0.78            10.13 ± 0.70 

 

       250mg/kg   10.09 ± 0.25**    11.21 ± 0.08**     11.49 ± 0.56           12.52 ± 1.14*       13.52 ± 0.58**      12.47 ± 0.69* 

       500mg/kg   10.17 ± 0.12**    14.36 ± 0.51**     16.42 ± 0.72**       17.58 ± 0.99**    19.31 ± 0.30**      23.32 ± 0.62** 

 

 

N = 3; Values are represented as mean ± standard error of mean (SEM); *P < 0.05; **P < 0.01 compared with 

control 
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TABLE 2: Effect of methanolic extract of Lentinus submidus on reaction time to thermal stimulus in mice 

                                                 REACTION TIME (Seconds) 

Treatment             30mins                 60mins                  90mins                    120mins                150mins                180mins 

 

Normal saline  8.62 ± 0.21         10.31±0.09            10.12 ± 0.06             8.46± 0.08             9.28 ± 0.12       10 .25 ± 0.13  

Pentazocine  29.59 ± 0.41**     32.55 ± 0.29**      35.42± 0.25**        42.31± 0.37**      48.42±0.32**    51.27± 0.41** 

1.0mg/kg              

 

 Extract 

   225mg/kg   8.39 ± 0.16           10.16±0.28             10.14±0.07             11.05±0.23**       10.65±0.21**    10.18± 0.14 

   450mg/kg  8.33 ± 0.04            10.24± 0.14**       13.14 ± 0.30**       14.37±0.16**       14.39 ± 0.15**  15.45 ± 0.08** 

   900mg/kg 10.48 ± 0.26**      12.11 ± 0.46*         17.44± 0.05**        18.10 ± 0.56**     21.03±0.40**    25.55± 1.37**         

 

N = 3; Values are represented as mean ± standard error of mean (SEM); *P < 0.05; **P < 0.01 compared with 

control 

 

TABLE 3: Effect of water extract of Lentinus submidus on egg-white-induced increase in paw size 

                                                                                                  PAW SIZE (mm) 

 Treatment            0hour                  1hour                 2hours                   3hours                   4hours                   5hours 

 

Normal saline    0.91 ± 0.01        0.94 ± 0.02         0.82 ± 0.01           0.82 ± 0.01           0.81 ± 0.01             0.82 ± 0.01 

Indomethacine 0.91 ± 0.01         0.97 ± 0.01**      0.81 ± 0.01           0.69 ± 0.01**       0.60 ± 0.01**       0.48 ± 0.01** 

2mg/kg  

       

ExExtract   

 125mg/kg        0.85± 0.01**      0.91 ± 0.01**      0.71±0.01**        0.64 ± 0.01**       0.55 ± 0.01**        0.46 ± 0.01**                 

   

250mg/kg          0.83 ± 0.01**     0.82 ± 0.01**      0.69 ± 0.01**      0.58 ± 0.01**       0.52 ± 0.01**       0.45 ± 0.01**               

 

500mg/kg          0.75± 0.01**      0.83 ± 0.02**      0.65 ± 0.02**      0.60 ± 0.03**       0.46 ± 0.01**       0.37 ± 0.01**              

 

N = 4; Values are represented as mean ± standard error of mean (SEM); *P < 0.05; **P < 0.01 compared with 

control 

 

TABLE 4: Effect of methanolic extract of Lentinus submidus on egg-white induced increase in paw size 

                                                                                                       PAW SIZE (mm) 

Treatment                0hour                 1hour               2hours               3hours                  4hours                    5hours 

 

  

Normal saline       0.66 ± 0.02        0.86±0.01          0.93 ± 0.02         0.92± 0.01           0.92 ± 0.02           0.89  ± 0.01 

Indomethacine      0.65 ± 0.01       0.90 ± 0.01       0.65± 0.03**      0.56± 0.02**       0.46±0.02**          0.38± 0.02** 

2mg/kg    

    

Extract                    

225mg/kg              0.57± 0.01**    0.80 ± 0.01**   0.67 ± 0.02**     0.52±0.01**         0.47±0.01**      0.45± 0.01**              

 

450mg/kg              0.59 ± 0.01*     0.74± 0.01**    0.60 ± 0.01**    0.54±0.01**          0.49 ± 0.01**     0.41 ± 0.01**             

               

900mg/kg              0.61± 0.01*      0.87 ± 0.01        0.60± 0.01**    0.52 ± 0.01**         0.41±0.01**      0.36± 0.01** 

             

N = 4; Values are represented as mean ± standard error of mean (SEM); *P < 0.05; **P < 0.01 compared with 

control 
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3.3 Anti-plasmodial screening 

3.3.1 Prophylactic effect  

The methanolic and aqueous extracts of Lentinus submidus exhibited a non-dose dependent prophylactic effect in 

Plasmodium berghei infected mice. 

  

Table 5: Prophylactic effect of the methanolic extract of Lentinus submidus in Plasmodium berghei infected 

mice 

Treatment Dose Mean parasite          

      count 
 

% inhibition 

Mean survival time 

(days) 

Normal saline 5ml/kg 17.60 + 1.22 - 9.20+ 1.46 

Extract 225mg/kg 1.60 + 1.60
***

 90.90% 20.00 + 1.23 

Extract 450mg/kg 7.20 + 3.36
**

 59.09% 25.00 + 0.55 

Extract 900mg/kg 1.80 + 0.34
***

 89.77% 26.80 + 0.58 

Chloroquine 5mg/kg 0.20 + 0.20
***

 98.86% 26.40 + 1.17 

Values expressed as mean + SEM, n = 5, 
* 
(P<0.05), 

**
 (P<0.01) 

*** (
P<0.00 

 

 

Table 6: Prophylactic effect of the water extract of Lentinus submidus in Plasmodium berghei infected mice 

 Dose Mean parasite  

       count 

% inhibition Mean survival time 

(days) 

Normal saline 5ml/kg 17.60+ 1.22 - 9.20+ 1.46 

Extract 150mg/kg 6.20 + 1.59
**

 64.77% 10.40 + 2.14 

Extract 250mg/kg 4.00+ 4.00
**

 77.27% 15.40 + 0.98 

Extract 500mg/kg 5.60+ 2.29
**

 68.18% 17.40 + 3.36 

Chloroquine 5mg/kg 0.20+ 0.20
***

 98.86% 26.40 + 1.17 

Values expressed as mean + SEM, n = 5, 
* 
(p<0.05), 

** 
(p<0.01), 

*** 
(p<0.001) 

 

3.3.2. Curative effect  

The methanolic and aqueous extracts of Lentinus submidus produced significant curative effects in Plasmodium 

berghei infected mice as shown in Tables 7 and 8.  

 

Table 7: Curative effect of the methanolic extract of Lentinus submidus in Plasmodium  berghei infected mice. 

 Dose Mean parasite  

       count 

% inhibition Mean survival time 

(day) 

Normal saline 5ml/kg 17.40+ 1.03 - 10.20+ 1.36 

Extract 225mg/kg Nil 100% 28.00 + 0.00 

Extract 450mg/kg Nil 100% 28.00 + 0.00 

Extract 900mg/kg Nil 100% 28.00 + 0.00 

Chloroquine 5mg/kg 3.80+ 2.33
***

 78.16% 25.00 + 0.00 

Values expressed as mean + SEM, n = 5, 
*** 

(p<0.001) 

 

Table 8: Curative effect of the water extract of Lentinus submidus and chloroquine in Plasmodium berghei 

infected mice 

 Dose Mean parasite  

      count 

% inhibition Mean survival time 

(day) 

Normal saline 5ml/kg 17.40+ 1.03 - 10.20+ 1.36 

Extract 125mg/kg Nil 100% 28.00 + 0.00 

Extract 250mg/kg Nil 100% 28.00 + 0.00 

Extract 500mg/kg 1.80+ 0.91
***

 89.66% 23.60 + 0.00 

Chloroquine 5mg/kg 3.80+ 2.33
***

 78.16% 25.00 + 1.86 

Values expressed as mean + SEM, n = 5, 
*** 

(p<0.001) 
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4.   DISCUSSION 

The mean lethal doses of the aqueous and methanolic extracts in rats (via the intraperitoneal route) were 2121 and 

3872mg/kg body weight, respectively. According to the Hodge and Sternar Scale, the extracts would be judged to be 

slightly toxic [10]. These mean lethal doses were used as the basis for calculating the experimental dose points. The 

maximum extract doses represent not more than 25% of the calculated mean lethal dose for each extract. This 

suggests that the aqueous extract may be more toxic compared to the methanolic extract. 

Potent analgesic and anti-inflammatory activities are attributable to steroids and flavonoids [11] while the presence 

of phytochemcial constituents such as alkaloid and flavonoid has been implicated in antiplasmodial activity of some 

herbal preparations [12]. However, ascertaining whether these are the principles responsible for the observed 

activities depends on the outcome of further studies. 

The extracts prolonged reaction time to thermal norcieptive stimuli and significantly inhibited the egg white-induced 

increased in rat-paw size in time and dose dependent fashions. The hot-plate model screens for compounds that act 

centrally [13]. Pentazocine is a known opioid analgesic that acts by activating mu-opioid receptors; hence it is 

postulated that the extracts contain principles that may be acting centrally.  

Anti-inflammatory activity is demonstrated in the rat-paw model by the ability of the test compound to inhibit the 

increase in paw size occasioned by a phlogistic agent. The anti-inflammatory activity intensified progressively with 

time with maximal inhibition of 56% occurring at 5 hours after administration of the phlogistic agent. Oedema is 

known to occur in two phases: an early phase mediated by histamine and a later phase response mediated by 

prostaglandin [7] hence it is suggested that principles in the extract inhibit both phases of the inflammatory 

response. Cyclooxygenase I and II catalyze the synthesis of pro-inflammatory eicosanoids. Since the reference drug 

indomethacine used in this study acts by this mechanism, it is suggested that the extracts possess this potential [14].  

The significant analgesic and anti-inflammatory activities is important because malaria is characterized by general 

body pain among other symptoms. Furthermore, pro-inflammatory processes are implicated in the pathogenesis of 

malaria hence the role of anti-inflammatory principles [15]. Though this work did not directly investigate the 

relationship between malaria and inflammation, recent reports which implicate inflammatory processes in the 

pathophysiology of malaria suggests potential benefits of extracts that have both anti-inflammatory and anti-

plasmodial actions.  

Plasmodium berghei, a rodent malaria parasite is routinely used to screen anti-malarial activity of medicinal plant 

extracts as well as conventional antimalarial drugs [16]. This model produces pathological symptoms which closely 

mimic that of human malaria. Other models include infections by P. yoelii, P. chaubaudi and P. vinckei [17].  

The methanolic and water extracts of Lentinus submidus exhibited a non-dose dependent prophylactic effect in 

Plasmodium berghei infected mice. The prophylactic effects of the extracts were statistically significant when 

compared with the control groups. The extracts exhibited 100% parasite inhibition in the curative test. The standard 

drug (chloroquine 5mg/kg) caused 99% parasite inhibition. The suppression of parasitaemia is an ideal and desirable 

property of standard anti-malarial drugs [18]. 

The extracts also increased the mean survival time (in days) of infected mice dose-dependently. It is known that the 

level of parasitaemia directly relates to the severity of clinical symptoms [19] and that is why potent and useful 

antimalarial drugs must have anti-plasmodial action.  

This work used the minimum number of experimental animals needed to bring out statistical significance. Current 

guidelines on the use of laboratory animals demand that where they must be used, the minimum number possible 

should be employed. 

These result buttress the importance of local biodiversity as a repertoire of bioactive principles which can be 

exploited for the development of beneficial medicines useful for the alleviation of human diseases. 

In conclusion, the aqueous and methanolic extracts of Lentinus submidus suppressed parasitaemia to non-detectable 

levels in murine models. This lethal action of the extracts on the plasmodial parasites is an indication that they have 

anti-malarial potentials. Potent principles with analgesic, anti-inflammatory and anti-plasmodial properties reside in 

Lentinus submidus which require further study. 
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