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Introduction 

Oxidative stress is implicated in several diseases including 

cancer where it triggers epigenetic or genetic changes that promotes 

tumour development.
1,2

 Reactive oxygen species (ROS) and reactive 

nitrogen species (RNS) play significant roles in damages to the DNA 

which results in cancer and other diseases due to imbalanced oxidant 

levels which impact on cell growth, survival, development, and 

tumorigenesis. Oxidants are also implicated in inflammation and lipid 

peroxidation,
 1,2

 and major organs affected are crucial for maintaining 

the body’s homeostasis and overall health. With the increasing 

incidence of cancers,
3
 non-communicable diseases and associated 

deaths globally,
4,5

 strategies to prevent unwarranted deaths are 

important. Studies that evaluate the efficiency of natural bioactive 

compounds for their potentials to prevent oxidative damage and 

improve bodily functions are very crucial. Antioxidants including 

glutathione, superoxide dismutase (SOD), transferases, and catalase 

(CAT) enzymes function as defense mechanism in humans by 

preventing formation of free radicals, to inhibit redox reactions or 

repairing tissue damage by free radicals.
1,2,6

 Naturally occurring 

compounds, especially those commonly consumed in meals or 
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beverages, have potent antioxidative effects and can reduce the risk of 

development of cancers in persons who at higher risk.  

Several studies have reviewed the antioxidant effects of plants 

including caffeine and their beneficial effects in human diseases and 

health conditions.
7-11

 Caffeine is a plant derived alkaloid, that is found 

in beverages such as coffee, and cocoa drink; which has been reported 

to have antioxidant effects. It also shows in vivo anticancer properties, 

enhanced cytotoxic effects with anticancer drugs, by abolishing DNA 

damage checkpoint.
12

 Artemisinin is a bioactive compound also 

contained in beverages and is thought to have many health benefits 

due to its anticancer, antimalarial, antimicrobial, antioxidant, and 

immune benefits.
13-16

 Formation of oxidative species in the body 

involves several endogenous and exogenous mechanisms, hence 

compounds that inhibit the formation of these species are of great 

importance. The study evaluated the protective effects of caffeine and 

artemisinin on oxidative stress markers: malondialdehyde (MDA), 

superoxide dismutase (SOD), and reduced glutathione (GSH) in liver, 

kidney and lungs and on activities of Alkaline Phosphatase (ALP), 

Alanine aminotransferase (ALT), Aspartate Aminotransferase (AST), 

total protein, albumin, direct bilirubin, and creatinine after DMBA 

treatment of rats. 

 

Materials and Methods 

Thirty healthy Wistar rats, 4-6 weeks old (100 g to 180 g) were 

purchased from Federal University of Agriculture, Abeokuta, Nigeria. 

The experimental procedures followed standard guidelines for use of 

experimental animals and was approved by Covenant University 

Health Research Ethics Committee (CHREC/46/2020). The animals 

were housed in separate cages, fed with  animal feed and water ad 

libitum. They were allowed to acclimatize for two weeks, weighed and 

grouped randomly in into 6 groups of five animals each.  
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Oxidative stress plays significant role in inflammation and diseases like cancer, chemo-

preventive compounds that have protective properties such as antioxidants, may mitigate disease 

process. The study investigated the effects of caffeine and artemisinin on 7,12-

dimethylbenzanthracene (DMBA)-induced injury in liver, kidney and lung of Wistar rats. 

Animals were administered DMBA only (negative control), no treatment (normal control), 25 

mg/kg caffeine (Caff), 4mg/kg artemisinin (Art), 25 mg caffeine + 4 mg/kg artemisinin 

(Caff+Art1), or 50 mg caffeine + 8 mg/kg b.w artemisinin (Caff+Art2) for 2weeks. Liver 

function tests were carried out, and oxidative stress markers assessed in liver, kidney and lungs. 

There was overall liver protection and antioxidant effects in groups administered Caff and 

Caff+Art1 compared to Art and negative control (p<0.05), while high dose Caff+Art2 

significantly increased MDA, GSH, compared to normal control. There was a significant 

decrease in aspartate aminotransferase, alanine aminotransferase, total protein and albumin in 

groups administered with Caff, Caff+Art1 compared to negative control (p<0.05) while direct 

bilirubin, creatinine and ALP levels were similar in both treatment groups. The findings suggest 

that there is higher antioxidant effects with low dose caffeine alone or in combination with low 

dose artemisinin against damages induced by DMBA, hence caffeine plus artemisinin may offer 

prevention against diseases relating to oxidative damage. 
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Drug preparation and treatment 

Pure caffeine and artemisinin were purchased from Sigma Aldrich, 

England. Stock solution of artemisinin and caffeine were prepared by 

dissolving 1 mg in 1 mL distilled water, while working solutions were 

prepared on a daily basis based on the weight of each rat. Animals 

were administered oral doses, with first dose of 40 mg/kg DMBA in 

olive oil and a second dose of 20 mg/kg at 4 weeks; a modified 

method of Lai and Singh.
17

 Animals were dosed once daily for 2 

weeks with 25 mg/kg caffeine (Caff), 4 mg/kg artemisinin (Art), 25 

mg Caff + 4 mg/kg art (Caff+Art1) or 50mg Caff + 8mg/kg art 

(Caff+Art2). Normal group received no treatment all through. After 

completion of treatment, animals were sacrificed using mild 

euthanasia with diethyl ether, thereafter blood was obtained by cardiac 

puncture. Liver, kidney and lung tissues were obtained and stored for 

analysis as well as whole blood in EDTA bottles, 0.2 g tissue was 

homogenized in 1.8 mL of homogenizing buffer and centrifuged at 

5000 rpm for 10 mins. The supernatant was stored at -20°C freezer 

until it was ready to be used for further assays. 

Antioxidant assays 

Thiobarbituric acid-reactive substances (TBARS): Malondialdehyde 

(MDA) a marker of lipid peroxidation was determined using the 

protocol reported by Ohkawa et al.
18

 Briefly, 0.5 mL of supernatant 

was added to 1 mL of tricarboxylic acid-thiobarbituric acid-

hydrochloric acid reagent (thibarbituric acid 0.37%, 0.24 N HCl and 

15% TCA), was heated at 100°C for 30 minutes and allowed to cool, 

centrifuged at 2000 rpm for 15mins, and clear supernatant was 

collected. Blank was prepared from 1.14 ml concentrated HCl added 

to 50 ml distilled water. Absorbance was read at 532 nm against blank, 

MDA was calculated using the molar extinction coefficient for MDA-

TBA complex of 1.56 x 10
5 
M

-1
CM

-1
.  

Superoxide Dismutase (SOD): was determined according to the 

method described by Misra and Fridovich.
19 

To 50µl of the 

homogenate, 1 mL each of 75 mM Tris-HCL buffer (pH 8.2), 30 mM 

EDTA and 2 mM pyrogallol was added. Change in absorbance at 

420nm was recorded for 3 minutes. 

Reduced Glutathione (GSH): GSH was estimated according to Sedlak 

and Lindsay.
20

 Briefly, 300ul of 10% TCA was added to tissue 

homogenate, the mixture was centrifuged at 5000 rpm for 10 minutes 

500ul supernatant was collected. Supernatant was treated with 250 µL 

of Ellman’s reagent (19.8 mg of DTNB in 100 mL of 0.1% sodium 

nitrate) and 1500 µL of phosphate buffer (0.2 M, pH 8.0) and 

absorbance was read at 412 nm. 

  

Liver function tests  

Alanine Aminotransferase (ALT)
21,22

, Aspartate Aminotransferase 

(AST)
21,22

, Alkaline Phosphatase (ALP)
23

 tests were done using 

previously described methods with specific Randox® test kit and 

following the manufacturer’s guide.   

Bilirubin (BIL): Direct (conjugated) bilirubin forms blue coloured 

complex when reacted with diazotized sulphanilic acid in alkaline 

medium. Total bilirubin was measured according to the colorimetric 

method described previously.
24

 Absorbance was read at 546nm using 

distilled water as blank.  

Total protein (TP): This assay is based on detection of cupric ions 

reaction with the peptide bonds of proteins and polypeptides in an 

alkaline solution to produce a purple coloured complex. Absorbance 

was read at 546 nm and it is directly proportional to the concentration 

of protein in the sample.  

Albumin: At pH4.2, albumin bind with bromocresol green to produce a 

blue-green complex. The change in absorbance at 628 nm correlates 

with the concentration of albumin. Absorbance was read at 628nm 

after mixing and incubating for five minutes at room temperature. 
Creatinine: Creatinine in alkaline solution reacts with picric acid to 

form a coloured complex. The amount of the complex formed is 

directly proportional to the creatinine concentration. Absorbance was 

read at 492nm after thirty seconds and two minutes respectively.
25

  
 

Statistical analysis 

Data were expressed as mean  ±  standard error of mean (SEM), and 

analysed using one-way analysis of variance (ANOVA) followed by 

Duncan’s Multiple Range test. Statistical analysis was done using the 

(SPSS) Statistical Package for Social Sciences (Version 20.0, IBM, 

NY, USA), p-value <0.05 was considered statistically significant. 

 

Results and Discussion 

Antioxidant profiles 

Table 1 shows the MDA (TBARS) activities in the liver, kidney and 

lungs. In the liver, DMBA significantly increased MDA levels 

compared to normal control while treatment with Caff, Art and Caff 

+Art1 reversed this to levels comparable to that of control, but not 

with Art and Caff+Art2. Liver mean MDA values in normal, Caff, Art 

and Caff+Art1 treated groups were 4.25 ± 0.09, 5.13 ± 0.36, 4.84 ± 

0.33 and 4.42 ± 0.09 µM, respectively, compared to 7.01 ± 0.25, and 

7.46 ± 0.4 µM, respectively (p<0.05) in Caff+Art2 and DMBA 

negative control groups. In the kidney, mean MDA value in normal, 

Caff, Art and Caff+Art1 treated groups were 1.16 ± 0.21, 1.51 ± 0.13, 

1.73 ± 0.12, and 1.3 ± 0.12 µM, respectively, compared to 2.79 ± 0.23, 

and 3.32 ± 0.3 µM, respectively (p<0.05) in Caff+Art2 and DMBA 

negative control groups. Similarly, in the lungs, DMBA significantly 

increased MDA levels, but Caff and Caff+Art1 significantly reduced 

this compared to Art and Caff+Art2. In all 3 organs, MDA level was 

higher in liver compared to kidney and lungs. Table 2 shows SOD 

activities in the liver, kidney and lungs. In the liver, DMBA 

significantly decreased SOD level compared to normal control while 

treatment with Caff and Caff +Art1 reversed this to levels comparable 

to that of control, but not Art and Caff+Art2. The corresponding mean 

values are 10.86 ± 0.3, 9.8 ± 0.38 and 10.67 ± 0.48 µM, in normal, 

Caff and Caff +Art1 compared to 4.68 ± 0.52, 3.49 ± 0.52 and 3.84 ± 

0.53 µM in Art, Caff+Art2 and DMBA negative control groups. This 

follows the same pattern as MDA activity. SOD activity was relatively 

similar in all 3 organs except for groups treated with artemisinin alone.  

Table 3 shows GSH activities in the liver, kidney and lungs. DMBA 

significantly reduced GSH level when compared to normal control 

while treatment with Caff, Caff +Art1 and Art reversed this decrease 

to levels comparable to that of control, but not in the kidney. GSH 

activity was relatively similar in liver and lungs except in kidney. 

Table 4 shows the catalase activities in the liver, kidney and lungs. 

DMBA significantly reduced catalase level when compared to normal 

control while treatment with Caff, Caff +Art1 reversed this decrease to 

levels comparable to that of control. GSH activity was relatively 

similar in liver, lung and kidney. 

Increasing burdens of non-communicable diseases are reported 

globally, particularly in the past decade, and are attributable to life-

style changes, alcohol, oxidative stress and industrialization.
26

 Over 41 

million deaths occur annually due to NCDs accounting for 71% of 

global deaths and more than 40% of these deaths are premature and 

preventable.
4,5

 Oxidative stress is an underlying cause of several 

diseases including cancers, atherosclerosis, diabetes, cardiovascular 

diseases etc, in the presence of other risk factors.
27-29

 We evaluated 

biomarkers of oxidative stress including malondialdehyde, reduced 

glutathione, superoxide dismutase, and liver function enzymes; 

alkaline phosphatase, aspartate aminotransferase, alanine 

aminotransferase, albumin, total protein, creatinine and bilirubin after 

DMBA exposed animals were treated with caffeine and/or artemisinin. 

The justification for combining these two naturally occurring 

compounds was to evaluate synergy or potentiation of the effects of 

the individual compounds; as both have been reported to have 

potential antioxidant effects and other health benefits when used alone 

or combined with other drugs.
6-7,9,11,13,16,30-32

 Consistently in the liver 

and lungs, remarkable antioxidant effects and protection from liver 

damage by caffeine were observed showing wide range modulation of 

the biochemical markers. Overall, better organ protection was 

observed with the 25mg dose of caffeine and its combination with 

4mg/kg artemisinin, compared to DMBA-treated animals. Although, 

the difference between the antioxidant effects of 25mg caffeine and its 

combination with 4mg/kg artemisinin was not significant, we 

observed marked opposite effects in groups treated with artemisinin 

alone or higher dose of caffeine plus artemisinin, with similar patterns 

on liver function enzymes. Caffeine has been shown in previous 

studies where doses of 25-40 mg were used to have potent antioxidant  
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Table 1: Effects of caffeine and artemisinin on malondialdehyde activity levels 
 

Treatment Concentration (mg/kg b.w) Liver (µM) Kidney (µM) Lungs (µM) 

DMBA (-ve ctrl) 40mg/kg + 20mg/kg 7.01 ± 0.25
b 

3.32 ± 0.30
b 

4.26 ± 0.12
b 

Normal  - 4.25 ± 0.09
a 

1.16 ± 0.21
a 

2.11 ±  0.54
a 

Caffeine (Caff.) 25mg/kg 5.13 ± 0.36
a 

1.51 ± 0.13
a 

2.61 ± 0.21
a 

Artemisinin (Art.) 4mg/kg 4.84 ± 0.33
ab 

1.73 ± 0.12
a 

2.65 ± 0.12
b 

Caff + Art1 25mg/kg + 4mg/kg 4.42 ± 0.09
a 

1.3 ± 0.12
a 

2.3 ± 0.24
a 

Caff + Art2 50mg/kg + 8mg/kg 7.46 ± 0.40
b 

2.79 ± 0.23
b 

4.01 ± 0.15
b 

                Values are expressed as mean ± SEM, different superscripts are significantly different at p < 0.05 

 

Table 2: Effects of caffeine and artemisinin on superoxide dismutase activity levels 
 

Treatment Concentration (mg/kg b.w) Liver (µM) Kidney (µM) Lungs (µM) 

DMBA (-ve ctrl) 40mg/kg + 20mg/kg 3.84 ± 0.53
b 

3.37 ± 0.31
b 

4.26 ± 0.19
b 

Normal  - 10.86 ± 0.34
a 

9.91 ± 0.24
a 

10.57 ±  0.20
a 

Caffeine (Caff.) 25mg/kg 9.8 ± 0.38
a 

8.75 ± 0.31
a 

9.58 ± 0.40
a 

Artemisinin (Art.) 4mg/kg 4.68 ± 0.52
b 

4.09 ± 0.36
b 

4.66 ± 0.40
b 

Caff + Art1 25mg/kg + 4mg/kg 10.67 ± 0.48
a 

9.04 ± 0.4
a 

10.91 ± 0.47
a 

Caff + Art2 50mg/kg+8mg/kg 3.49 ± 0.52
b 

3.78 ± 0.11
b 

4.87 ± 0.44
b 

                   Values are expressed as mean ± SEM, different superscripts are significantly different at p < 0.05 

 

Table 3: Effects of caffeine and artemisinin on glutathione activity levels 
 

Treatment Concentration (mg/kg b.w) Liver (µM) Kidney (µM) Lungs (µM) 

DMBA (-ve ctrl) 40mg/kg+ 20mg/kg 17.93 ± 0.92
b 

1.367 ± 0.03
b 

13.68 ± 0.08
b 

Normal - 9.916 ± 0.75
a 

1.047 ± 0.02
a 

8.37 ±  0.77
a 

Caffeine (Caff.) 25mg/kg 11.17 ± 0.66
a 

1.131 ± 0.04
a 

8.945 ± 0.60
a 

Artemisinin (Art.) 4mg/kg 13.38 ± 2.03
ab 

1.140 ± 0.04
a 

9.651 ± 0.27
a 

Caff + Art1 25mg/kg+4mg/kg 10.996 ± 0.26
a 

1.131 ± 0.01
a 

10.29 ± 0.26
a 

Caff + Art2 50mg/kg+8mg/kg 16.69 ± 1.84
b 

1.288 ± 0.02
b 

15.61 ± 0.40
b 

                    Values are expressed as mean ± SEM, different superscripts are significantly different at p < 0.05 

 

Table 4: Effects of caffeine and artemisinin on catalase activity levels 
 

Treatment Concentration (mg/kg b.w) Liver (µM) Kidney (µM) Lungs (µM) 

DMBA (-ve ctrl) 40mg/kg + 20mg/kg 3.84 ± 0.53
b 

8.73 ± 0.77
b 

9.91 ± 0.74
b 

Normal - 10.86 ± 0.34
a 

13.68 ± 0.84
a 

17.93 ±  0.9
a 

Caffeine (Caff.) 25mg/kg 9.80 ± 0.38
a 

11.77 ± 1.02
a 

15.37 ± 0.66
a 

Artemisinin (Art.) 4mg/kg 4.68 ± 0.52
ab 

8.94 ± 0.60
a 

11.171 ± 0.66
a 

Caff + Art1 25mg/kg + 4mg/kg 10.67 ± 0.48
a 

15.61 ± 0.40
a 

16.699 ± 1.85
a 

Caff + Art2 50mg/kg + 8mg/kg 3.49 ± 0.52
b 

10.29 ± 0.26
b 

10.99 ± 0.26
b 

               Values are expressed as mean ± SEM, different superscripts are significantly different at p < 0.05 

 

properties and the findings corroborate these reports.
6-7,9,11,30

 Reactive 

oxygen species (ROS) induces oxidative stress which causes damages 

to cells; this is implicated in DMBA metabolism, via cytochrome 

P450 liver system forming epoxides and other toxic reactive species, 

that can lead to cell death. Reactive oxygen species bind irreversibly 

to DNA, thus forming DNA adducts that can initiate carcinogenesis.
33

 

ROS induced autophagy is implicated in cancers, ischemic damages in 

cardiovascular,
12,34-35

 as well causing oxidative stress in diseases like 

diabetes and other diseases;
36

 hence these combinations may serve to 

prevent different disease mechanisms. DMBA is a known 

carcinogen,
10,17,32

 in the groups treated with Caffeine and/or 

artemisinin combinations, no tumor developed. Anti-oxidative 

enzymes – SOD and catalase activities were lowered in DMBA group, 

this was similar to other studies in humans and animal models.
7,11,30,37

 

The ability of caffeine to significantly impact levels of these 

antioxidant biomarkers suggests its antioxidative mechanisms includes 

activation of the redox-sensitive pathway with responses like radical 

scavenging by SOD and catalase, that functions to dismutate 

superoxide radicals to hydrogen peroxide (H2O2) and further convert 

to water and oxygen (O2). Up-regulation of detoxification via 

glutathione‐dependent pathways and other antioxidant enzymes are 

also important as they serve as first-line antioxidant defense against 

ROS; these were enhanced by low dose caffeine alone or its 

combination but not low dose artemisinin alone. Studies have reported 
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free-radical scavenging effects of artemisinin on 2,2-diphenyl-1-

picrylhydrazyl hydrate (DPPH)
13

 as well as reducing nitric oxide 

(NO), prostaglandin E2 (PGE2), and proinflammatory cytokine (IL-1β, 

IL-6, and IL-10) production.
13

 The study indicates artemisinin is active 

via a different antioxidant pathway since it counters the antioxidant 

effects of caffeine; shown by higher oxidative stress markers. 

Artemisinin generates ROS and increases cellular oxidative stress as a 

mechanism of its effects on malaria parasites,
38

 or alkylating carbon-

centered radicals in cancer.
14

  The consistently negative effects of high 

dose caffeine (50mg/kg) plus high dose artemisinin (8mg/kg) in 

Caff+Art2 suggests two possible mechanisms: (1) a masking effect by 

caffeine, of artemisinin’s poor protective activity; which becomes 

apparent at a higher dose of both drugs or (2) both drugs induced 

further oxidative stress in the animals. The latter is not surprising and 

may be the likely cause of the adverse effects seen consistently in 

Caff+Art2 group. Artemisinin’s mechanism of antimalarial/anticancer 

effects is via generation of free radicals and reactive carbon 

species;
14,38

 and at higher dose (100-150mg/kg), caffeine has been 

shown to increase lipid peroxidation and oxidative damage in brain of 

animals.
39-40

 These together with toxic species generated by DMBA 

will have significant damage to the liver and other organs as shown 

with the results obtained with Caff+Art2 results in our study.  

Liver function tests 

Figures 1-6 shows summary of biochemical markers of liver function, 

aspartate aminotransferase (AST), alanine aminotransferase (ALT), 

total protein and albumin levels in the liver of animals administered 

Caff and Caff+Art1 was similar to normal control, but their levels 

were significantly lower compared to negative control. Albumin level 

in animals treated with Art was also similar to normal control. 

However, ALT, AST and TP levels were significantly higher in Art 

and Caff+Art2 which was similar to negative control.  

There was no significant difference in ALP, Creatinine (CRT) and 

Direct bilirubin (DBIL) compared to controls in all treatment groups. 

Caffeine alone significantly reduced levels of AST and ALT 

compared to DMBA group and Art. This is similar to another study.
9
 

Artemisinin alone (at 4mg/kg) or combined with caffeine at 8mg/kg 

showed poor protective effects on liver enzymes and proteins 

depletion induced by DMBA. Significantly higher biochemical 

enzyme activities – AST, ALP and ALT, were observed in Art unlike 

Caff or Caff+Art1; previous studies have shown reduced enzyme 

activities with caffeine,
9
 thus implicating artemisinin in elevating the 

biochemical enzymes in Caff+Art2 group.  

 

Figure 1: Effects of Caffeine and artemisinin on Aspartate 

aminotransferase (AST) levels in liver 

 

Figure 2: Effects of Caffeine and artemisinin on Alkaline 

phosphatase (ALP) levels in liver. 

 
 

Figure 3: Effects of Caffeine and artemisinin on Alanine 

aminotransferase (ALT) levels in liver 

 
 

Figure 4: Effects of Caffeine and artemisinin on Total Protein 

activity levels in liver 
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Figure 5: Effects of Caffeine and artemisinin on Creatinine 

levels in kidney 

 

Figure 6: Effects of Caffeine and artemisinin on direct 

bilirubin (DBIL) levels in liver 
 

Artemisinin has been previously reported to induce oxidative 

stress,
41,42

 immunomodulation and neurotoxicity,
43-46

 or moderate 

elevations of liver transaminases,
47,48

 but no significant effect in 

serum/plasma ALT, AST, ALP were reported in other studies.
49

  

This finding agrees with a report of moderate ALP levels after 

artemether treatment in CCl4-liver damage in rats.
48

 Total protein, 

direct bilirubin and albumin levels were adversely increased by 

DMBA treatment, indicating protein depletion with high dose of the 

combination. Artemether has been previously reported to deplete total 

protein and albumin in experimental animal after repeated doses,
49

 but 

this was reversed by Caff, Caff+Art1 but not Art or Caff+Art2. This 

further emphasizes the unfavourable effects of combined or high dose 

Caff+Art2 as seen with most biochemical markers assessed in liver, 

lungs and kidney in this study. In another study, sub-chronic 

administration of 8mg/kg artemisinin showed no deleterious effects on 

serum albumin, total protein, creatinine and urea but reported 

significant increase in ALP, total cholesterol, triglycerides, total 

bilirubin and glucose levels.
50

   
 

Conclusion 

Combination of artemisinin with caffeine showed antioxidant and liver 

protective properties however caution is required to determine safe 

dose that has beneficial antioxidant effects since both caffeine and 

artemisinin are regularly consumed in form of tea and beverages, it is 

noteworthy that at higher dose, may be deleterious to liver, lungs and 

kidney. The study shows the potential benefits of a daily regular intake 

in the experimental animals clearly demonstrates their lone or 

combined low dose beneficial effects with no adverse effects.  
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