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ABSTRACT  
 

BACKGROUND: Salvia officinalis (Common Sage) plant, is used 
as herbal medicine. The study was aimed at investigating the 
antimalarial potential and liver function profiles of the Methanol 
Extract of Salvia officinalis.  
METHODS: Mice infected with Plasmodium berghei were treated 
(p.o) with the extract in the curative, suppressive, and prophylactic 
antimalarial models at doses of 250mg/kg, 500mg/kg, and 
1000mg/kg. The positive control drug used was artemether/ 
lumefantrine (7mg/kg A/L) while the negative control was 10mk/kg 
of Tween 80.  
RESULTS: The curative stage showed a significant (p < 0.001) 
dose-dependent antiplasmodial effect (of the methanol extract of S. 
officinalis leaf) compared with the negative control (Group 1). At 
doses of 250, 500, and 1000mg/kg, the Salvia officinalis extract 
produced parasite suppression of 37.13%, 57.18% and 66.80% 
respectively. While the positive control group produced parasite 
percentage suppression of 74.38%. There was a significant chemo-
suppressive effect (p < 0.001) at all doses of the methanol extract of 
Salvia officinalis leaf.The leaf extracts demonstrated a prophylactic 
significant (p < 0.001) activity. There was no significant effect (p > 
0.05) on packed cell volume at doses of 250 and 500mg/kg while 
1000mg/kg body weight showed a significant (p < 0.05) effect. 
There was a reduction in the level of activity of the enzymes and 
other parameters in the liver function tests with an increase in the 
dosage of the leaf extract.  
CONCLUSION: The methanol extract of Salvia officinalis 
possesses in vivo antiplasmodial activities and could be a lead plant 
in the development of antiplasmodial agents. 
KEYWORDS: Antimalarial models, Salvia officinalis, malaria, 
liver function profiles, Plasmodium berghe  
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INTRODUCTION  
 
Malaria is an infectious disease that results in a 
high rate of mortality and morbidity in Sub-
Saharan Africa (1). The disease is caused and 
mostly transmitted by female Anopheles 
Plasmodium falciparum mosquitoes (2). It is a 
major public health burden with an average of 229 
million cases and 625,000 deaths annually (3). 
Nigeria has the highest challenge, with 25% of the 
global burden and 27% of the global mortality in 
2019 (4,5,6). Malarial infestation not only 
negatively affects the economy but has an 
unproductive effect on the population (7, 1). A 
major drawback in the use of the currently 
available chemotherapeutic drugs is the drug 
resistance of the malaria parasites, even the 
artemisinin-based combination therapies (8). 
Kaushik et al., (9) and Karamanti et al., (10) noted 
that natural products from medicinal plants have 
remained a significant source of novel medication, 
often resulting in fewer side effects, lower cost, 
improvement in patients’ acceptance, and also 
more consistency with normal physiological 
function of the human body.  

Salvia officinalis (Common Sage) plant, a 
member of the Lamiaceae family is a sumptuous-
branched evergreen shrub with a characteristic 
attractive aroma and a perennial plant used in 
flavoring species as well as herbal medicine (11,12, 
13, 14). The plant is found and cultivated the world 
over and thrives well in Nigeria, within and around 
Vom-Jos, Plateau State (Fig. 1) (15). It has been 
used in the management of cerebral ischemia, 
memory disorders, depression, lost or declining 
memory, and Alzheimer’s disease (10,16). 
Common Sage essential oils are indispensable in 
the management of neurological, heart, metabolic, 
and endocrine diseases (17, 13,14). The leaf extract 
of Salvia officinalis has been shown to exhibit 
hepatoprotective, antiplasmin, reducing parasitemia 
and hepatic oxidative stress in experimental 

malaria model (18,19). Curative and suppressive 
tests have been utilized to study the in vivo 
antimalarial activity of Penniselum purpureum leaf 
(1) while curative, suppressive, and prophylactic 
tests have been used on the in vivo antiplasmodial 
activity of methanol leaf extract of Piliosigma 
reticulatum (5). Also, another study employed 
suppressive, curative, and prophylactic tests to 
study the in vivo anti-plasmodial activity and 
toxicological assessment of hydroethanolic crude 
extract of Ajuga remote (20). Some studies (21, 22, 
23), have shown that infestation of plasmodium 
parasites often leads to dysfunction of the liver 
with resultant elevation of liver enzymes and other 
biochemical parameters. Therefore, Salvia 
officinalis (Common Sage) plant-wide medicinal 
application informed the present study titled: In 
vivo antimalarial and liver function profiles of 
Methanol Extract of Salvia officinalis in 
Plasmodium berghei- Infected Mice utilizing 
suppressive, curative and prophylactic tests to 
study its activity. 
 
MATERIALS AND METHODS 
 
Collection, identification and preparation of 
plant extract: The Salvia officinalis (Sage) plant 
was collected from Vom-Jos, Plateau State and 
identified/authenticated by a botanist (Michael, 
Ozioma Emmanuel) at Delta State University, 
Abraka (Figure 1). A voucher number 
(DELSU#134) was assigned to it and stored for 
future reference. The leaves were cut into small 
pieces, dried at a temperature of 30 - 40oC for 21 
days. The dry leaves were pulverized to obtain a 
fine powder. 50 g was weighed and added to 400 
ml of 95% methanol in a flask. It was shaken at 
regular intervals for 3 days at room temperature. 
The mixture was filtered using muslin cloth and 
concentrated by vacuum evaporator. The extract 
obtained was kept in an airtight sample bottle, 
labelled and stored in the refrigerator.   
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Figure 1: S. officinalis leaves; Source: Photograph of Salvia officinalis leaves taken before drying the 
leaves 
 
Animal experiment: The research was approved 
by the Research and Ethics Committee, Faculty of 
Science, Delta State University, Nigeria, and given 
the reference number REC/DELSU/FOS/2021/02. 
Adult Swiss mice (male and female) weighing 
between 20-25g were used in the study. The mice 
were obtained from the Animal House of the 
Faculty of Basic Sciences of Delta State University. 
They were properly housed, and fed with standard 
growers’ marsh and water ad libitum. The animal 
used and handling were done following the 
International Council for Laboratory Animal 
Science (ICLAS) and Delta State University 
Faculty of Science Animal Ethical Committee 
guidelines. For the extract solution, weighed 
quantity of methanol extract of the Sage officinalis 
leaf (5000 mg/kg) was suspended in distilled water.   

Malaria parasite inoculation: The blood of the 
donor Swiss mouse infected with chloroquine-
sensitive Plasmodium berghei was used for 
inoculum. The Plasmodium berghei (NK-65 strain) 
was obtained from the Pharmacy Department of 
Delta State University, Abraka. Each mouse was 
administered intra-peritoneal (i.p) with 0.2ml of the 
infected blood containing about 1 x 107 P. berghei 
parasitized red blood cells (standard inoculum). 
Phosphate-buffered saline (PBS) was used for the 
dilution of the blood. 
 

Experimental design: Twenty-five (25) mice 
administered (i.p.) with 0.2 ml of standard 
inoculum were divided randomly into five (5) 
groups of five (5) mice each (Table 1). Groups 2-4 
were treated orally (p.o.) once daily for four days 
with specific doses of 250, 500 and 1000mg/kg 
respectively of the methanol extract of Salvia 
officinalis leaf. While group 1(Negative Control) 
received vehicle only (2% Tween 80 administered 
at the dose of 10 ml/kg). Group 5 (Positive 
Control) was treated as standard drug, (7 mg/kg of 
Artemether/lumefantrine (A/L). 
 

Acute toxicity tests (LD50): An acute toxicity 
study (LD50) of the methanol extract of the Salvia 
officinalis leaf was conducted in two phases as 
described by Lorke (24) and reported recently by 
Evinemi et al.,(1); Ali et al., (25). Nine (9) mice 
were used in the first phase that comprised of three 
groups (n = 3). They were given orally, with the 
methanol extract of the Sage leaf at doses of 10, 
100 and 1000mg/kg body weight. Then, the 
animals were observed for 24 h for signs of toxicity 
and mortality. The second stage (phase) of three (3) 
mice (n=1) received specific doses of 1600, 2900 
and 5000 mg/kg following the results of the first 
stage. The lethal dose (LD50) was calculated using 
the formula below:  
LD50 = √ minimum lethal dose x maximum 
tolerated dose. 
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Table 1: Experimental design of the work. 
  

Group Number of Mice Extract / Drug / Vehicle 
1 5 10ml/kg of 2% Tween 80 
2 5 250mg/kg of Extract 
3 5 500mg/kg of Extract 
4 5 1000mg/kg of Extract 
5 5 7mg/kg Artemether/Lumefartrine (A/L) 
               
 

In vivo Antimalarial tests on the methanol 
extract of Sage Officinalis  
Grouping and dosing of animals: The 4-day 
suppressive test (Test against early infection) 
The Peters (26) method recently adopted by Ali et 
al., (25) was used. Twenty-five (25) Swiss mice 
were inoculated (i.p) with 0.2ml of standard 
inoculums that contain about 1 × 10 P. berghei-
infected red blood cells. After two (2) hours the 
animals were grouped into five (5) (n=5) each. The 
methanol Sage officinalis leaf extract was then 
administered once orally at doses of 250, 500, and 
1000 mg/kg to groups 2, 3, and 4 respectively for 4 
days. Groups 1 and 5 served as negative and 
positive controls. Group 1 received 10ml/kg of 
Tween 80 and Group 5 was given 7mg/kg 
Artemether/ Lumefartrine (A/L).  Four (4) days 
post-treatment, thin blood films were made on 
slides from the tail of each mouse. The slides were 
fixed, stained with Giemsa, and examined for 
parasite count under the oil immersion objective of 
the microscope. Three slides were prepared for 
each mouse and on each slide, three fields were 
examined to count the red blood cells (RBC). The 
mean count was taken and the result was used to 
calculate the percentage (%) parasitemia level. 
Then, the average parasitemia suppression was 
calculated using the formula of Tona et al., (27) as 
shown below: 
                % parsitaemia in control - % parsitaemia in treated group 
% suppression =                % parsitaemia in control                
Curative antimalarial test (Test against 
established infection): The extract was assessed 
for its curative ability following the method of 
Ryler and Peters (28) and used by Ali et al., (25). 
On day 0, twenty-five (25) mice were given (i.p) 
with 0.2ml of standard inoculum (containing 
approximately 1 × 107 P. berghei infected 
erythrocytes). Seventy-two (72) hours post-
inoculation, the animals were randomly divided 

grouped into five (5) groups of 5 animals each. 
Then the animals were treated with the leaf extract 
at doses of 250, 500, and 1000 mg/kg (orally) in 
groups 2, 3, and 4 respectively. Groups 1 and 5 
which were negative and positive controls received 
10 ml/kg of Tween 80 and 7 mg/kg Artemether/ 
Lumefartrine (A/L) respectively. Treatment was 
done once daily for four (4) days after which thin 
blood films were made on slides from the tail of 
each mouse. The slides were fixed with methanol, 
stained with Giemsa, and examined for parasite 
count under the oil immersion objective of the 
microscope. Average parasitemia suppression was 
calculated using the formula of Tona et al., (27).  
 

Prophylactic test (Test against residual 
infection): This was done following the residual 
infection method described by Peters, (26) and 
recently adapted by Ali et al., (25).  Twenty-five 
(25) Swiss mice were weighted and randomly 
divided into five groups of five animals each. The 
Groups 2, 3 and 4 animals were treated with the 
leaf extract at usual doses of 250, 500, and 1000 
mg/kg respectively. Groups 1 and 5 served as 
negative and positive controls and were treated 
with 10 ml/kg of Tween 80 and 7 mg/kg 
Artemether/Lumefartrine (A/L) respectively. The 
treatment continued daily for four days after which 
the mice were inoculated with the standard parasite 
inoculum on the fifth day. Then three days after 
animals’ infestation with the parasite (i.e 72hours 
post treatment), thin blood films were prepared 
from each mouse. The slides were fixed with 
methanol, stained with Giemsa and examined for 
parasite count under oil immersion objective of the 
microscope. Average parasitaemia suppression was 
calculated using the formula of Tona et al., (27). 
Before euthanization of the animals, blood was 
collected directly from tail of each mouse with 
heparinized capillary tube for packed cell volume 
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measurement and also into heparinized vacutainer 
for liver function tests. 
 

Packed cell volume (PCV) measurement: The 
PCV was determined by using a micro-hematocrit 
reader (Hawksley, Finlab) as documented by 
Bantie et al., (29); Meckonnm (30); Mzena et al., 
(31) and as reported by Evinemi et al., (1). The 
heparinized capillary tubes which were 3/4th filled 
with blood, were also sealed at the dry end with 
sealing clay. The tubes were later placed in a 
micro-hematocrit centrifuge (Gelma Awhksley, 
England) with the sealed end outwards and 
centrifuged at 12,000 rpm for 5 min. The PCV was 
determined using a standard micro-hematocrit 
reader.  
Liver function parameters: Aspartate 
transaminase (AST) (E.C. 2.6.1.1) and alanine 
transaminase (ALT) (E.C. 2.6.1.2) by Reitman and 
Frankel (32), Gamma-glutamyl transferase (GGT) 
(E.C. 2.3.2.2) by Gjerde and Marland (33), 
Alkaline phosphatase (ALP) (E.C. 31.3.1) by Kind 
and King (34), Total proteins (TP) and Albumin 
(ALB) by Reinhold (35), Total bilirubin (TB) and 
Conjugated bilirubin (CB) by Malloy and Evelyn 
(36) methods using Mindray assay kits (Shenzhen 
China) were measured using an AS-120 Auto-
Analyzer (E.LabBST, China: BA-88A). 
 

Statistical analysis: Data was analyzed using 
SPSS, version 21.0. Results obtained were 

expressed as mean ± standard error of the mean 
(SEM) and were subjected to ANOVA analysis 
using Dunnett’s post hoc test. A p-value of less 
than 0.05 was considered significant. 
 
RESULTS  

Acute toxicity test: The lethal dose (LD50) of the 
methanol leaf extract of Salvia officinalis in mice 
was found to be higher than 5000mg/kg body 
weight. 
 

Curative test: There was a significant (p < 0.001) 
dose-dependent antiplasmodial effect of the 
methanol extract of S. officinalis leaf compared 
with the negative control (Group 1). At doses of 
250, 500, and 1000mg/kg, the Salvia officinalis 
extract produced parasite suppression of 37.1%, 
57.2%, and 66.8% respectively. While the standard 
drug Artimether/Lumefantrine combination 
(positive control group) produced parasite 
percentage suppression of 74.4% (Table 2). The 
animals in groups 2, 3, and 4 survived longer than 
the animals in group 1(Negative control). The mice 
treated with 500 and 1000mg/kg of the leaf extract 
of Salvia officinalis lasted for up to 17 and 21 days 
respectively compared to group 1 (Negative 
control) which lasted for only 5 days. Those who 
were treated with the standard drug (Group 5) 
lasted for up to 27 days. 

 

Table 2: Curative effect of methanol extract of Salvia officinalis in P. berghei-infected mice. 

Group Treatment % Parasitaemia Percentage 
Suppression  

Mean Survival 
  Time (Days) 

1(Negative Control 10ml/kg (Tween 80) 43.2 ± o.95 0.00 5.1 ± 1.02 
2 250mg/kg Extract 21.8 ± 1.06*** 37.1 16.16 ± 1.36 
3 500mg/kg Extract 16.0 ± 1.48*** 57.2 17.60 ± 0.48 
4 1000mg/kg Extract 10.0 ± 0.88*** 66.8 19.12 ± 2.32 
5(Positive Control) 7mg/kg A/L 06.7 ± 0.72*** 74.4 27.14 ± 0.50 
Data are presented as mean ± SEM; N = 5: ***P < 0.05 significant 
 

Suppression test: The methanol extract of Salvia 
officinalis leaf at doses of 250, 500, and 
1000mg/kg body weight showed a significant 
chemo-suppressive effect (p < 0.001) in 
comparison with group 1 (Negative control). The 
extract showed a suppressive activity of 24.5%, 
56.5%, and 78.4% respectively (Table 3). While 
the standard drug test showed suppression of 
92.0% compared with group 1 (Negative control). 

Prophylactic test: The leaf extract demonstrated 
significant (p < 0.001) activity in comparison with 
the Tween 80 group (Negative control). Doses at 
250, 500, and 1000mg/kg, demonstrated a chemo-
prophylactic activity of 30.5%, 49.9%, and 79.8% 
respectively, while the standard drug had a chemo-
prophylactic activity of 82.7% (Table 4). 
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Table 3: A 4-day suppressive effect of methanol extract of Salvia officinalis in P. berghei-infected mice. 
  

Group       Treatment   % Parasitaemia Percentage 
Suppression (%) 

1(Negative Control 10ml/kg (Tween 80)   43.0 ± 1.36       0.0 
2 250mg/kg Extract   23.7 ± 1.48***       37.1 
3 500mg/kg Extract   16.7 ± 1.86***       57.2 
4 1000mg/kg Extract   06.1 ± 0.71***       66.8 
5(Positive Control) 7mg/kg A/L   02.3 ± 1.46***       92.0 
Data are presented as mean ± SEM; N = 5; ***P < 0.001 significant 

 
Table 4: Prophylactic effect of methanol extract of Salvia officinalis in P. berghei-infected mice. 
  

Group       Treatment   % Parasitaemia Percentage 
Suppression (%) 

1(Negative Control) 10ml/kg Tween 80   42.6 ± 1.89       0.0 
2 250mg/kg Extract   24.8 ± 1.38***       30.5 
3 500mg/kg Extract   18.4 ± 2.32***       49.9 
4 1000mg/kg Extract   09.9 ± 2.36***       79.8 
5(Positive Control) 7mg/kg A/L   06.2 ± 1.24***       82.7 
Data are presented as mean ± SEM; N = 5; ***P < 0.001 significant 
 
Packed cell volume (PCV): The methanol extract 
of Salvia officinalis leaf had no significant effect (p 
> 0.05) on packed cell volume at doses of 250 and 
500mg/kg body weight but showed a significant (p 
< 0.05) effect on packed cell volume at dose of 
1000mg/kg body weight compared to the Negative 
control group (Table 5). 
Liver function parameters: These tests were done 
to demonstrate the ability of the leaf-extract to 
maintain / rebuild the parenchymal activity of the 
liver cells in parasitaemic disease. There was a 

dose dependent restoration of the integrity of the 
parenchymal cells of the liver as demonstrated in 
the reduction of the level of activity of the enzymes 
and reduction of the level of other parameters in the 
liver function tests with increase in the dosage of 
the leaf extract when compared to the Negative 
control (Group 1). There was also a corresponding 
decrease in the level of these liver function 
parameters on treatment of the mice with the 
standard drug in comparison with the Negative 
control group (Table 5). 

 
Table 5: PCV and liver function profiles in the curative stage of methanol extract of Salvia  

              officinalis in P. berghei-infected mice. 
 

Biochemical 
parameter 

10ml/kg T.80 
       (NC) 

250mg/kg 
Extract 

500mg/kg 
Extract 

1000mg/kg 
Extract 

7mg/kg A/L         
     (PC) 

PCV (%) 20.89 ± 1.36 23.14 ± 0.86 26.18 ±1.12 38.31 ± 2.10* 46.19 ± 2.02** 
AST(U/l) 320.00 ± 2.87 285.10 ± 3.67* 260.72 ± 8.84** 200.34 ± 6.18** 168.72 ± 6.24** 
ALT (U/l) 147.66 ± 0.43 108.62 ± 1.36* 94.88 ± 2.73* 78.52 ± 2.98** 60.52 ± 2.96** 
GGT(U/l) 41.16 ± 3.36 36.08 ± 2.18 34.18 ± 3.12* 32.17 ± 2.19** 30.00 ± 3.12** 
ALP(U/l)  267.36 ± 0.05 185.20 ± 3.72** 171.36 ± 1.21** 158.52 ± 3.72** 146.28 ± 4.16** 
TP(g/l) 4.33 ± 0.12 4.66 ± 0.30* 4.82 ± 0.18* 4.98 ± 0.40** 5.14 ± 0.12** 
ALB(g/l) 3.98 ± 0.21 3.74 ± 0.11*  3.70 ± 0.14* 3.62 ± 0.11** 3.60 ± 0.14** 
TB(µmol/l) 5.44 ± 0.01 5.01 ± 0.01 4.35 ± 0.01* 4.20 ± 0.02*  3.18 ± 0.02* 
CB(µmol/l) 3.84 ± 0.05 3.58 ± 0.07* 3.20 ± 0.13** 3.05 ± 0.13** 2.58 ± 0.03** 
Data are presented as mean ± SEM; N = 5; *P < 0.05, **P < 0.001 significant 
PCV = Packed cell volume, AST = Aspartate aminotransferase, ALT = Alanine aminotransferase 
GGT = Gamma Glutamyl transferase, ALP = Alkaline phosphatase, TP =   Total proteins 
 ALB = Albumin, TB = Total bilirubin and CB = Conjugated bilirubin 
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DISCUSSIONS 
 
The acute toxicity tests showed that the methanol 
extract of S. officinalis leaf did not result to any 
mortality at the employed dose of 5000mg/kg. 
There was no sign of toxicity; such as skin change, 
trembling, diarrhea or behavioral changes exhibited 
by any of the mice. Thus suggesting that the oral 
LD50 of the extract of S. officinalis is far greater 
than the maximum 5000mg/kg body weight, used 
in the study. Therefore, the extract can be said to be 
safe in its use for the treatment or management of 
malarial infection. This finding is in agreement 
with the work and suggestion of (24, 19, 25) on 
new approach and safe use of medicinal plants in 
the management of diseases.  

The curative, 4-day suppressive and 
prophylactic effect of the methanol extract of the 
Salvia officinalis were utilized in the mice 
according to the recommendation of (37) and 
reviewed by Ali et al., (25) who both recommended 
the in vivo antiplasmodial studies, because such 
studies consider the possible pro-drug effect and 
perhaps the involvement of the immune system in 
the eradication of malarial diseases in humans. 
Also experimental animals (Mice) and Plasmodium 
berghei were used as suggested by Vinke and Lips 
(38); Ali et al., (25) based on the parasite 
sensitivity to chloroquine and antimalarial 
combination therapy as documented by Builders et 
al., (39) and currently by Ali et al., (25). 

In the curative, 4-day suppressive and 
prophylactic tests, the methanol extracts of Salvia 
officinalis showed a significant (p < 0.001) dose 
dependent reduction in parasitaemia levels in the 
study (Tables 2, 3 & 4). This is in agreement with 
the work of (18, 19) who pointed that Sage is a 
natural plant that has been used in folk medicine 
for malarial treatment. Accordingly, they stated 
that the mechanism of inhibition is probably 
through formation of a complex between active 
compounds in leaf of S. officinalis and feriheme 
that prevents the formation of β-hematin. Ali et al., 
(25) documented that the observed antiplasmodial 
activity of medicinal plants might be due to the 
presence of secondary metabolites which could be 
acting singly or in synergy to exert the observed 
reduction in parasitemia. However, this is not in 
doubt as S. officinalis is known to be enriched with 

high concentrations of phytochemicals; tarnins, 
terpenoids, cardiac glycosides, flavonoids, 
alkaloids, phenolic, and saponins (15). Equally, the 
antiplasmodial activity of the extract of S. 
officinalis leaf in this study (Tables 2, 3 & 4) is in 
tandem with the studies of (40, 41,42) whom all 
noted that the active phenolic constituents coupled 
with the aromatic hydroxyl group are responsible 
for the diverse medicinal characteristics of S. 
Officinalis.     

Matthiesen et al., (43) documented that 
functions of the liver and kidneys are impaired in 
metabolic disease. In this work, the liver is toxic as 
shown in the negative control where 10mg/dl of 
Tween 80 was used for the treatment of P. berghei-
infected mice (Table 5). The liver toxicity is 
reflected in the increase in the activity of the 
aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), gamma-
glutamyltransferase (GGT), alkaline phosphatase 
(ALP), as well as decrease levels of total proteins 
(TP), increased levels of albumin (ALB), total 
bilirubin (TB) and conjugated bilirubin (CB). This 
finding is in agreement with the works of (21, 22, 
23) and the work of (44) who noted that malaria-
infected subjects had significantly higher levels of 
AST, ALT, TB, and CB in their study on Children 
in Port-Harcourt, Nigeria. Our observation of lower 
values of albumin (ALB) in the P. berghei-infected 
mice is also similar to their report of lower levels in 
malarial infected Children in Port-Harcourt. The 
hyperbilirubinemia could be due to either 
intracellular hemolysis of the parasitized 
erythrocytes and micro angiopathic hemolysis often 
associated with disseminated intravascular 
coagulation while unconjugated hyperbilirubinemia 
is a result of massive intravascular hemolysis 
compared to conjugation which is a hepatocyte 
dysfunction and hence his association with high 
activity of the aminotransferases. Also, the 
observed elevated activity of aminotransferases in 
our work is in agreement with the work of (21, 22, 
23) while our noted increase in ALP is not in 
agreement with their observed lower ALP. 
Sumbele et al., (45) and Abdulkadir et al., (5) noted 
that malarial infection is often associated with lysis 
of the red blood cells which results in anemia with 
decreased level of packed cell volume (PCV).  
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Models such as in vivo tests are often employed in 
antimalarial studies as they show a possible 
prodrug effect coupled with improved immunity in 
the eradication of foreign agents (37). Against early 
infection in the 4-day suppression study, extract of 
S officinalis most probably reduced the erythrocyte 
stage development of the Plasmodium berghei as 
parasitemia was suppressed in a dose-dependent 
approach. This suppressive effect might be due to 
indirect boasting of the immune system or by the 
inhibition of the target pathways not known. Also, 
the induction of parasitemia by the extract of S. 
officinalis might be attributed to the anti-
plasmodial activity of specific compounds or a 
group of compounds (26, 27) such as terpenoids, 
sterols, flavonoids and saponins as documented by 
Mokogwu et al., (15). Depiany et al., (48) stated 
that complicated syndromes of malaria consist of 
certain inflammatory mediators that may enhance 
cell to cell interaction and that such cells produce 
cytokines which produces pyrexia in the host. The 
antiplasmodial properties of S. officinalis extract in 
both early, established and residual infections may 
be due to inhibitory effect of cytokines associated 
compounds as a result of the plant’s phytochemical 
contents. Dysfunction of the liver parenchymal 
cells that often produce jaundice in a host as a 
result of infection, involves intravascular hemolysis 
of erythrocytes coupled with the low immune 
system as a result of the formation of antigen-
antibody complexes to erythrocyte surface. The 
restoration of this complicated liver dysfunction as 
shown by the lowering or near normalization of the 
liver function test parameters perhaps depicts the 
anti-inflammatory and immunodatory actions of the 
flavonoids and their associated compounds in the 
Salvia officinalis plant both outside and inside of 
the host cell (14, 15, 49).       

Our finding showed that extracts of S. 
officinalis can prevent hemolysis in malarial-
infected mice as depicted by an increase in the 
various concentrations of the extract and the 
positive control (7mg/kg A/L) compared to the 
negative control (10mg/dl Tween 80) infected mice 
     From our findings, the methanol extract of 
Salvia officinalis showed reasonable antimalarial 
activities as well as restoration of hepatic injury 
and could be targeted as a potential lead plant in 

the development and management of 
antiplasmodial agents. 
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