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Contradictory data are available on the effect of nicotine and caffeine on the function and structure of the 
immune system. This study was designed to investigate the effect of the combined administration of 
nicotine and caffeine on the CD68-positive macrophages in the thymus gland and ilial payer patches of 
the rat. Twenty four male albino rats are assigned into 4 groups (n=6); the control, nicotine-treated (10 
mg/kg/body weight), caffeine-treated (100mg/kg/bodyweight) and combined nicotine- and caffeine-
treated groups. After 4 weeks, the thymus gland and ileum were dissected out and processed for 
immuno histochemical examination using anti-CD68 and anti-caspase-3 antibodies for detection of 
macrophages and apoptosis, respectively. The number of CD68+ve macrophages as well as the density 
of CD68 immuno expression significantly decreased in the thymus and ilial payers patches following the 
single and combined administration of nicotine and caffeine. The number of apoptotic cells significantly 
increased in the thymus and ilial payers patches of the groups treated with nicotine, caffeine and the 
combination of them compared to the control. The combined administration of nicotine and caffeine 
significantly increased CD68+ve macrophages and significantly reduced apoptosis compared to the 
group received nicotine alone. This ameliorative effect of caffeine might be attributed to its antioxidant 
and anti-inflammatory potentials.  
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INTRODUCTION 

Nicotine, and caffeine are described to be the 
most psychoactive drugs consumed worldwide 

HAGEN TUSHINGHAM (2019). Nicotine, 3‑(1‑

methyl‑2‑pyrrolidinyl) pyridine, is a 

psychostimulant agent and is addicted by millions 
of  peoples worldwide (Pesta et al. 2013). 
Nicotiana tabacum is the plant source of this 
alkaloid (Lina et al. 2014). 

Caffeine (1,3, 7-trimethylxanthine), present in 
the universal drinks included tea and coffee, is 
consumed worldwide on a daily basis. It is 
reported to improve the  mood and  concentration 

and  increase physical performance and 
enhanced energy (Tauler et al. 2016). Based on 
several meta-analyses studies, coffee and 
caffeine are now considered among the healthy 
antioxidants supplements that were proved to be 
of value in decreasing the risk of many 
neurodegenerative, cardiovascular diseases and 
many types of cancers (Espinosa et al. 2013, 
Grosso et al. 2017, Postuma et al. 2012, ZHANG 
et al. 2017). 

It is known that most smokers used to drink 
coffee more frequently compared to nonsmokers 
(NGUYEN, 2017).  

http://www.isisn.org/
mailto:Kfaddladdeen@kau.edu.sa
https://www.sciencedirect.com/topics/neuroscience/psychoactive-drug
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Smoking as well as exposure to nicotine was 
reported to induce immunosuppression. Chronic 
administration of nicotine was described to 
decrease T cell proliferation upon exposure to any 
foreign antigen (Singh et al. 2000). In addition 
nicotine was described to have an 
immunosuppressive effect in experimental rodents 
as it inhibits splenic-T cell proliferation in response 
to oncanavalin A as well as antibody-formation by 
splenic cells in response to antigenic stimulation 
(KALRA et al. 2004). Upon reviewing the 
literature, scarce information were available on 
the effect of nicotine on the resident macrophages 
in the lymphoid organs. Nicotinic acetylcholine 
receptor alpha7 subunit (α-7 nAChRs) was 
reported to be expressed in other non –neuronal 
cells such as macrophages (Chao et al. 2017).  

A contradictory data was reported on the 
effect of caffeine on the immune system function 
(Ortiz-Villanueva et al. 2018). In a previous study, 
caffeine was reported to modulate the function of 
immune system cells including T, B lymphocytes, 
macrophages and natural killer (NK) cells (LI et al. 
2020).  

Epidemiological and experimental studies 
have shown a positive interaction between 
caffeine and nicotine consumption. The pattern of 
interaction whether synergistic or antagonist 
varies according to species and organ function 
(GIACOMIN et al. 2008). Moreover, smoking was 
reported to increase the metabolism of caffeine in 
humans (Lashein et al. 2016).  

This paper was conducted to investigate the 
effect of combined administration of nicotine and 
caffeine on the CD68-positive macrophages in the 
thymus gland and ilial payer patches of rat. We 
hypothesized that caffeine has a possible role in 
protection against nicotine-induced impact on the 
CD68-positive cell population in the thymus gland 
and payer patches of rat. 
  
MATERIALS AND METHODS 

Chemicals 
Nicotine hydrogen tartrate and Caffeine 

anhydrous extra pure (99%) were provided by 
Sigma Aldrich Inc, USA. Nicotine was dissolved in 
saline and stored in glass bottle wrapped with foil 
at 4°C in order to prevent exposure to day light. 
The caffeine anhydrous was dissolved in saline 
and stored in glass bottle and filtered before 
injection. 

Study design 
  

The experiment was performed according to 
animal care ethics recommended by the 
biomedical research ethical committee, Faculty of 
Medicine, King Abdulaziz University, Jeddah, 
Saudi Arabia (Reference No 293-19) in January 8, 
2019. Twenty four male albino rats (200 to 250 
gm), were purchased from experimental animal 
unit at King Fahd Medical Research Center 
(KFMRC) and left to acclimatize for one week 
under the standard laboratory conditions 
(Temp=22C0, 12/12 h light/dark cycle) before 
starting the experiment.  

The animals were sorted into 4 groups (n=6). 
Rats of the control group were injected 
subcutaneously with 2ml normal saline. Rat of 
nicotine-treated group were injected 
subcutaneous with pure nicotine dissolved at a 
dose of 10 mg/kg/body weight daily for 4 weeks to 
produce a chronic plasma level of nicotine as was 
previously described (Leach et al. 2013). Rats of 
caffeine-treated group were injected 
intraperitoneal with caffeine anhydrous at a dose 
of 100 mg/kg/bodyweight daily for 4 weeks. The 
choice of this dose was dependent on the 
protective effect reported in a study (Kagami et al. 
2008).  

Rats of nicotine- and caffeine-treated group 
were injected nicotine and caffeine at the same 
dose and route as in the previous two groups for 4 
weeks.  

Histopathological techniques 
At the end of experiment, animals were 

anaesthetized by deep ether before cervical 
dislocation. The chest and abdomen were opened 
and the thymus gland and ileum were rapidly 
dissected out and fixed in formalin (10% in 
phosphate buffer) then processed into paraffin 
blocks. The latters were sectioned at 5 micron 
thickness (Suvarna et al. 2018). The paraffin 
sections were stained immuno histo-chemically 
using an avidin–biotin-complex (ABC) technique. 
The primary mouse anti-CD68 monoclonal 
antibody (Dako A/S DK-2600Glostrup, Denmark) 
and anti-caspase-3 mouse monoclonal antibody 
(Dako Company, Cairo, Egypt) were used for 
detection of macrophages and apoptosis, 
respectively 

The slides were fixed, deparaffinized and 
hydrated, treated with 0.5% hydrogen peroxide in 
methanol for 10 min to block endogenous 
peroxidases, and washed in tap water. Sections 
were incubated with 10 mM citrate buffer, pH 6.0, 
and heated in a microwave oven to 95 _C during 
two cycles of approximately 5 min each for 
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antigen recovery. After cooling, sections were 
washed in phosphate-buffered saline (PBS) (PH 
7.6) for 5 min. and placed in diluted, normal 
saline. Sections were incubated with 

the primary antibodies (diluted in bovine 
serum albumin 1:50) for 1 h. at 25 _C. Samples 
were treated with the Dako EnVision+ System for 
30 min, followed by incubation with 1 mg/ml DAB 
solution (3,3tetrahydrochloride diaminobenzidine, 
Sigma, USA) in PBS pH 7.4 and 1% hydrogen 
peroxide (Merck) for 5 min. 

The primary antibody was omitted during 
staining of some slides to be used as a negative 
control. The nuclei were counterstained with 
hematoxylin. Brown cytoplasmic staining was 
considered positive reaction. 

Photographing of stained slides was done by 
using Olympus Microscope BX-51 provided with a 
digital camera. Pro Plus image analysis software 
version 6.0 was used for assessment of number 
of CD68-positive and Caspase-3 positive cells in 
20 fields from 3 slides of each animals as was 
previously described (Zhan et al. 2006). In 
addition, semi-quantitative assessment of 
integrated optical densities (IOD) of CD68- and 
Caspase-3 immunoexpression was determined in 
20 fields of germinal center of payer’s patches 
and thymic lobules. 

Assessment of caspase-3 gene expression 
using real-time polymerase chain reaction (RT-
PCR) 

The RT-PCR assay was performed on Real 
Time PCR system (Applied Bio-systems, 7500, 
USA) and 2X SYBR Green PCR Master Mix 
(Applied Bio-systems, USA). Paraffin processed 
samples underwent the process of RNA extraction 
as was previously described (PATEL et al. 2016, 
PIKOR et al. 2011). Extraction of total RNA using 
Trizol was performed according to the supplier 
instruction (Invitrogen Life Technologies, 
Carlsbad, CA, USA). Reverse transcription was 
performed using oligo-dT primers (Bioneer Inc., 
Daejeon, Republic of Korea) in a 20-ll reaction 
including 5 ll RNA. The resulted cDNAs were 
amplified using PCR Master Mix with primers 
(PIKOR et al. 2011). Caspase-3 (forward 5′-
 TGTATGCTTACTCTACCGCACCCG-3′, reverse 
5′-GCGCAAAGTGACTGGATGAACC-3′), β- actin,  
forward: 5′-CCC  ATC  TAT  GAG  GGT  TAC  GC  
and reverse: 5′-TTT AAT GTC ACG CAC GAT 
TTC-3′ were used. The results analysis was done 
using the Light Cycler 480 software. 

Optimization of the primer concentration was 
performed to determine the primer concentration 

that gives the lowest threshold cycle (CT). This 
optimization was performed by the creation of a 
matrix of reactions to test a range of 
concentrations for each primer against different 
concentrations of the partner primer. A Nano Drop 
2000 Spectrophotometer (Thermo Fisher 
Scientific, USA) was used to ensure the purity of 
the extracted RNA and minimize the nonspecific 
amplification in real-time RT-PCR reactions. The 
relative levels of mRNA were analyzed using the 
ΔΔCt method. The CT values were figured out 
after that relative quantification using the ΔCT 
method with reference gene. 

Statistical analyses 
The Statistical Package for the Social 

Sciences (SPSS) version 16 was used to perform 
statistical analysis of data obtained in this study. 
The normality of the data was checked by 
Kolmogorov–Smirnov test and it revealed that the 
data was parametric. The parametric data were 
compared using analysis of variance, followed by 
Bonforoni post hoc test to avoid a multiple-
comparison effect. The sample size was 
determined in advance before starting the 
experiment using power analysis. p value < 0.05 
is considered significant.  
 
RESULTS  

Effect of nicotine and caffeine on CD68+ve 
macrophages in Peyer's patches of the Ileum: 

Control rats showed average number of 
CD68+ve cells in Peyer's patches, which was 
observed to be markedly reduced in nicotine-
treated rats and moderately reduced in both 
caffeine- and combined caffeine and nicotine-
treated rats. Statistical analysis of the number of 
the CD68+ve cells and IOD on CD68 immuno 
expression in the payers patches of the studied 
groups was performed using one way ANOVA test 
followed by Bonforoni post hoc test. The number 
of CD68+ve cells showed significant decrease in 
nicotine- (23±6, p=0.002), caffeine- (27±7, 
p=0.003) and combined nicotine and caffeine 
(34±10, p=0.02) treated groups compared to the 
control (58±19). The number of CD68+ve cells 
was significantly higher (p=0.04) in combined 
nicotine and caffeine treated group compared to 
nicotine-treated group. Not only that, the IOD of 
the CD68 immuno expression was significantly 
decreased in Peyer's patches of nicotine-, 
caffeine-, combined nicotine and caffeine groups 
(p=0.01, p=0.02, p=0.04) compared to control, 
respectively Fig. (1). 



Faddladdeen and Ali                                                 Caffeine and nicotine affect thymic and ileal lymphoid tissues 

 

    Bioscience Research, 2021 volume 18(4):3316-3325                                                3319 

 

Effect of nicotine and caffeine on apoptosis in 
Peyer's patches of the Ileum: 

Ileal Peyer's patches of control rats showed 
few Caspase-3+ve apoptotic cells, which were 
obviously increased in nicotine- and caffeine-
treated rats whereas they were moderately 
increased in the combined nicotine and caffeine-
treated group. Statistical analysis showed that the 
number of Caspase-3+ve cells significantly 
increased in nicotine-treated (48±14, p<0.001), 
caffeine-treated (32±12, p=0.001) and combined 
nicotine and caffeine-treated group (24±8, 
p=0.003) compared to the control (10±3). The 
number of Caspase-3+ve cells was significantly 
lower (p=0.01) in combined nicotine and caffeine-
treated rats compared to nicotine-treated rats. The 
results of IOD of Caspase-3+ve cells were 
consistent to that of the apoptotic cell number Fig 
(2) 

Effect of nicotine and caffeine on CD68+ve 
macrophages in the thymus: 

Thymus gland of control rats showed some 
CD68+ve cells resident specifically in the medulla 
and interlobular septa. The number of thymic 
CD68+ve cells was significantly reduced in 
nicotine-treated (7±2, p=0.001), caffeine-treated 
(6±2, p<0.001) and combined nicotine and 
caffeine-treated groups (15±4, p=0.03) compared 
to the control (20±6). Combined administration of 
nicotine and caffeine resulted in a significant 
(p=0.001) increase CD68+ve cells in the thymus 
compared to the nicotine-treated group. Statistical 
analysis of the IOD confirmed that CD68 immuno 
expression was reduced significantly (p<0.001, 
p<0.001, p=0.04) in nicotine-, caffeine- and 
combined nicotine and caffeine-treated groups 
compared to the control, respectively Fig. (3). 

 

 
Figure1 :Sections of Peyer patches of rat showing large number of CD68+ve cells (arrow) in the 
control group (A, B) that appears to be markedly reduced in nicotine-treated group (C, D) and 
moderately reduced in caffeine-treated group (E, F) as well as in the group treated with the 
combination of nicotine and caffeine (G, H) (Immunohistochemical staining with anti CD68, A, C, 
E, G x100, B, D, F, H x 400). The number (I) and the IOD (J) of the CD positive cells in payers 
patches of the studied groups are compared using one way ANOVA test followed by Bonforoni 
posthoc test. Results are expressed in the form of mean ±SD. IOD: integrated optical density. * 
significance versus control group, # significance versus Nicotine. 
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Figure 2: Sections of Payers patches of rat ileum showing few caspase-3+ve cells (arrow) in the 
control group (A, B) that appear to be obviously increased in nicotine-treated group (C, D) and 
caffeine-treated group (E, F) whereas they are moderately increased in the group treated with the 
combination of nicotine and caffeine (G, H) (Immunohistochemical staining with anti caspase-3, A, 
C, E, G x100, B, D, F, H x 400). The number (I) and the IOD (J) of the Caspase-3 positive cells in 
payers patches of the studied groups. Caspase-3 (K) gene expression assessed using RT- PCR. 
Studied groups are compared using one way ANOVA test followed by Bonforoni posthoc test. 
Results are expressed in the form of mean ±SD. IOD: integrated optical density. * significance 
versus control group, # significance versus Nicotine. 

 

 
Figure 3: Sections of the thymus gland of rat showing CD68+ve cells (arrow) in the control group 
(A, B) that appear to be markedly reduced in nicotine-treated group (C, D) and caffeine-treated 
group (E, F) whereas they were moderately reduced in the group treated with the combination of 
nicotine and caffeine (G, H) (Immunohistochemical staining with anti CD68, A, C, E, G x100, B, D, 
F, H x 400). The number (I) and the IOD (J) of the CD positive cells in the thymus gland of the 
studied groups are compared using one way ANOVA test followed by Bonforoni posthoc test. 
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Results are expressed in the form of mean ±SD. IOD: integrated optical density. * significance 
versus control group, # significance versus Nicotine. 

 
Figure 4:Sections of the thymus gland of rat showing few caspase-3+ve cells (arrow) in the 
control group (A, B) that appear to be notably increased in nicotine-treated group (C, D) and 
caffeine-treated group (E, F) whereas they are moderately increased in the group treated with the 
combination of nicotine and caffeine (G, H) (Immunohistochemical staining with anti caspase-3, A, 
C, E, G x100, B, D, F, H x 400). The number (I) and the IOD (J) of the Caspase-3 positive cells in 
thymus gland of the studied groups are compared using one way ANOVA test followed by 
Bonforoni posthoc test. Results are expressed in the form of mean±SD. IOD: integrated optical 
density. * significance versus control group, # significance versus Nicotine. 

Effect of nicotine and caffeine on apoptosis in 
thymus: 

Thymus gland of the control rats showed few 
Caspase-3+ve cells in both cortex and medulla 
and these cells were notably increased in 
nicotine-, caffeine-treated groups and moderately 
increased in combined nicotine and caffeine-
treated groups compared to the control. The 
number of the Caspase-3+ve cells in the thymus 
were significantly increased in nicotine-treated 
(52±18, p<0.001), caffeine-treated (34±12, 
p<0.001) and combined nicotine and caffeine-
treated groups (32±8, p=0.001) compared to the 
control (8±2). On the other hand, the number of 
Caspase-3+ve cells was significantly lower 
(p=0.01) in combined nicotine and caffeine-treated 
groups compared to nicotine-treated group. The 
statistical results of the IOD Caspase-3 
immunoexpression showed significantly increase 

(p<0.001) in nicotine-, caffeine- and combined 
nicotine and caffeine-treated groups compared to 
the control Fig (4). 

 
Effect of nicotine and caffeine on gene 

expression of caspase-3 in ileal payers' 
patches and thymus: 

Caspas-3 gene expression level was 
assessed using RT PCR in thymus gland and ileal 
payers patches. It was observed that the level of 
Caspas-3 gene expression showed a significant 
up-regulation in nicotine, caffeine-treated and 
combined nicotine and caffeine administration in 
thymus (p<0.001, p<0.001, p=0.004) and ileal 
payers patches (p<0.001, p<0.001, p=0.007), 
respectively. On the other hand, Caspase-3+ve 
gene expression was significantly down-regulated 
(p=0.04) in thymus and ileal payers patches of the 
combined nicotine and caffeine-treated groups 
compared to nicotine-treated group (Figure 2 k). 
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DISCUSSION 

Cigarette smoking, with its high nicotine 
content, was reported to have adverse impact on 
immune system and defense mechanism of both 
experimental animals and human upon 
continuous exposure(lindson et al. 2019, Reyes-
Caballero et al. 2020, stämpfli & Anderson, 2009). 
Although the effect of nicotine on the monocytes 
function was previous reported, its effect on the 
amount and distribution of monocytesm in 
different body tissues in general and in the 
immune tissues in specific, was not studied yet. 
Nicotine was reported to block the expression of 
adhesion molecules (Icam-1, B7.2 and CD 40) in 
the monocytes following induction by IL-18 
(Takahashi et al. 2006).  

In this study, a significant reduction in the 
immunoexpression of CD68+ve cells in both 
thymus gland and ilieal Peyer's patches were 
observed in rats receiving nicotine (Bai et al. 
2017). This finding was supported by previous 
studies on the effect of nicotine on the immune 
system in general. The in vivo 
immunosuppressive effect of chronic nicotine 
administration was confirmed and was thought to 
be mediated through specific nicotine receptors or 
IL-1β in the brain (Singh et al. 2000), (Razani-
Boroujerdi et al. 2011). A similar effect of nicotine 
was reported on another set of immune cells. It 
was described there were nicotine-induced 
changes in lymphocyte populations (e.g., altered 
subset distribution or  decreased T-cell numbers) 
in nicotine patch-treated animals (Kalra et al. 
2004). 

These results were contradicted with what 
was recently reported by Alotaibi and Abounasef 
during their study on the effect of nicotine on the 
muscles. They found that skeletal muscles of rats 
injected with nicotine showed an apparent 
increase in CD68-positive cells (ALOTAIBI et al. 
2019). They added that combined administration 
of nicotine and caffeine further increased CD68-
positive cells (Alotaibi et al. 2019). This could be 
attributed to the skewing of macrophage activation 
induced by nicotine exposure during smoking as it 
was described that smoke may induce alteration 
in specific functions of either M1 with subsequent 
direct implications on the immune system and its 
response to disease (Stämpfli & Anderson, 2009). 

In this study, it was observed that 
administration of nicotine result in a significant 
increase in the number of Caspase-3+ve cells in 
both thymus and ileal Payers patches indicating 
the occurrence of apoptosis in these two tissues. 

These finding was observed 
immunohistochemically and were confirmed on 
the molecular level using RT PCR through 
assessing gene expression of Caspase-3. These 
findings were supported by those reported by 
some researchers. Reduced number of cells were 
observed in fetal thymus following prenatal 
nicotine exposure along with increased apoptosis 
of fetal thymocyte (Chen et al. 2016) and 
excessive autophagy in fetal thymocytes (QU et 
al. 2019). The mechanism of such effect was 
proposed to occur through up-regulation of Fas 
apoptotic pathway and mediated by increased α7 
nicotinic acetylcholine receptor (nAChR) 
expression (Liu et al. 2017). Increased apoptosis 
that was associated with reduced number of 
CD68+ve macrophages, observed in this study 
after administration of nicotine and caffeine, might 
indicate that macrophages could be the cell type 
that underwent apoptosis. Further investigation to 
confirm this explanation is required.   

Contradictory data was reported on the effect 
of caffeine on the immune system function, 
however most pointed to suppression effect on 
immune cell function. Caffeine administration, in 
this study, resulted in a significant decrease of 
CD68+ve cells as well as a significant increase in 
Caspase-3 positive apoptotic cells. These finding 
were supported by some previous studies 
conducted on other immune cells. It was reported 
that caffeine could indirectly reduce the function of 
NK cell via  stimulation of  epinephrine release 
(Graham et al. 1994). Decreased cytotoxicity of 
lymphocytes by caffeine was attributed by Ritter et 
al. to its effect on suppressing cytokine 
expression(Ritter et al. 2005). On the other hand, 
Dulson and Bishop reported that caffeine has no 
effect on antigen-stimulated lymphocyte activation 
(Dulson & Bishop, 2016). 

When it came to the effect on macrophages, 
Jafari and Rabbani had reported that caffeine has 
a dose-dependent effect on alveolar macrophages 
whereas low concentrations of caffeine prevent 
apoptosis compared to moderate doses that 
induce apoptosis of such cells (Jafari & Rabbani, 
2000). He et al. reported that caffeine has dose-
dependent effect on macrophage as it induces 
apoptosis via cleaved caspase-3 (He et al. 2003). 
This finding explained what was observed in the 
present work. In a more recent study, it was found 
that intake of high dose of caffeine, in contrast to 
low doses, resulted in an immunosuppressive 
status evident by reduced levels of major anti-
inflammatory cytokines, TNF-α, IL-2 and IL-6 as a 
result of decreased activity of macrophages and 

https://www.sciencedirect.com/topics/medicine-and-dentistry/tumor-necrosis-factor
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NK cells (AL Reef & Ghanem, 2018). 
Although the effect of combined caffeine and 

nicotine on the macrophages residents in the 
lymphoid tissues was not previously studied; this 
effect was reported on other immune cell types in 
previous studies. In a recent study a significant 
enhancement of the vitality of neutrophils and 
their respiratory burst was reported in neutrophils 
co-cultured with Lipopolysaccharide (LPS)-primed 
Mesenchymal stem cell (MSC) and treated with a 
combination of nicotine and caffeine (Abbasi et al. 
2018).  

The combined administration of nicotine and 
caffeine, in this study, resulted in a significant 
increase in CD68+ve macrophages compared to 
the group treated with nicotine alone. This finding 
was partially supported by those of Fletcher and 
Bishop on the NK cells (fletcher & bishop, 2011). 
They found that caffeine administration either at 
low or high dose result in an activation of NK cells 
as well as stimulated NK cell after high-intensity 
exercise. They attributed this effect to caffeine-
induced mobilization of a specific population of 
activated NK cells due to epinephrine release 
(Fletcher & Bishop, 2011). Alotaibi and Abounasef 
also reported an increase in the CD68-positive 
cells detected immuno histochemically in skeletal 
muscles of rats after combined nicotine and 
caffeine injection (Alotaibi et al. 2019). This 
improvement might be attributed to the antioxidant 
and anti-inflammatory effect of caffeine. In many 
studies, the release of anti-inflammatory 
interleukin 10 (IL-10) is potentiated by caffeine 
(Tauler et al. 2016). Stefanello and Spanevello 
recently confirmed that caffeine intake has been 
associated with antioxidant properties and leads 
to an increase in glutathione levels in rats 
(Stefanello et al. 2019). 

CONCLUSION 
Rats received nicotine, in this study, showed a 

significant reduction in the CD68+ve 
macrophages as well as a significant increase in 
apoptosis in both thymus gland and ileal Payer’s 
patches. Caffeine administration produced a 
similar effect on CD68+ve macrophages but at a 
lesser extent compared to the nicotine-treated 
group. The combined administration of nicotine 
and caffeine resulted in a significant increase in 
CD68+ve macrophages and a significant 
reduction in apoptosis compared to those of rats 
received nicotine alone. This ameliorative effect of 
caffeine might be attributed to its antioxidant and 
anti-inflammatory potentials. 

Among the limitation of this study, which will 

be tackled in a future study, was the inability to 
explore the mechanism behind the impact of the 
combination of the nicotine and caffeine of the 
number and distribution of CD68 macrophages of 
the lymphoid tissue. 
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