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Abstract

Original Article

Introduction

Interleukin 10 (IL‑10) cytokine is a human cytokine synthesis 
inhibitory factor and an anti‑inflammatory cytokine.[1‑5] It 
inhibits the production of pro‑inflammatory cytokines.[1‑5] 
IL‑10 cytokine an anti‑inflammatory cytokine enhances B cell 
survival and proliferation. It stimulates antibody production.[1‑5] 
IL‑10 cytokine suppresses antigen‑presenting cells regarding 
antigen‑presentation capacity.[1‑5]

Alanine transaminase  (ALT) or alanine aminotransferase 
or serum glutamate‑pyruvate transaminase or serum 
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glutamic‑pyruvic transaminase is a biomarker of liver damage 
because it is mostly found in the liver but it is also in plasma 
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and in various body tissues.[6,7] It is an important liver enzyme 
because it catalyzes the transfer of an amino group from 
L‑alanine to α‑ketoglutarate in a reversible transamination 
reaction to produce pyruvate and L‑glutamate.[6,7]

Hepatitis B envelope antigen (HBeAg) is a hepatitis B virus 
protein that indicates hepatitis B virus infection (HBV),[8] active 
viral replication, and infectiousness.[8] Hepatitis B virus‑infected 
patients who express HBeAg is highly infectious and can 
transmit the virus to another person.[8] The disappearance of 
HBeAg in the serum of HBV‑infected patients indicates the 
end of the acute phase and convalescence.[8] The antibody to 
HBeAg is known as anti‑HBeAg or anti‑HBe. Expression of 
anti‑HBe or anti‑HBeAg indicates HBV infection and clearance 
of HBeAg.[8] It may indicate convalescence and the production 
of the antibody always leads to decline in viral replication.[8]

Hepatitis B surface antigen (HBsAg) in serum indicates HBV 
infection and current hepatitis B infection. It may be in the 
serum with or without clinical symptoms.[8,9] Expression of 
antibodies against HBsAg  (anti‑HBsAg) by HBV patients 
usually means noninfectious and clearance of HBsAg.[8,9]

HBsAg is the first antigen shed into the plasma followed 
by HBeAg in HBV infection.[8,9] Persistence of HBsAg and 
HBeAg in the serum beyond 6  months indicates chronic 
infection as the antibodies to these antigens are produce and 
clear the antigens after 6  months of the expression of the 
antigens. Antibodies to envelope and surface antigens may 
indicate convalescence and lesser severity.[8,9]

Bitter kola (Garcinia kola) seeds are edible commonly eaten 
to refresh. There are traditional nonscientific claims that it 
has purgative, antiparasitic, and antimicrobial properties and 
as such has been used for liver disorders, bronchitis, colic, 
head or chest colds, and cough. Infectious diseases, like throat 
infections, hepatitis, infections due to the influenza virus, 
and other viral diseases.[10] The seed has pharmacological 
effects such as antidiabetic, anti‑inflammatory, antipyretic, 
immunomodulatory, antiatherogenic, antimicrobial, and 
liver disorders. It has an LD50 of above 5000  mg/kg.[11] 
Garcinia kola has both nutritional and pharmaceutical 
properties because it contains vitamins, minerals, proteins, 
carbohydrates as well as phytochemicals such as alkaloids, 
flavonoids, tannins, cyanogenic glycosides, and saponins. The 
antiviral, anti‑inflammatory, antidiabetic, bronchodilator, and 
antihepatotoxic activities have been attributed to Garcinia 
bioflavonoids component, while its antimicrobial activity 
has also been reported to be due to polyisoprenylated 
benzophenone constituent.[12]

Honey and lime juice contain antimicrobial, anti‑inflammatory, 
and antioxidant nutritive materials. Honey contains sugars, 
dietary fiber, Fat, Protein, Riboflavin  (B2), Niacin  (B3), 
Pantothenic acid  (B5),  Vitamin B6, Folate  (B9), 
Vitamin C, Calcium, Iron, Magnesium, Phosphorus, Potassium, 
and Zinc.[13‑16] Limes are a rich source of Vitamin C 
(35% per 100 g) which is a potent antioxidant vitamin. In 

general, lime juice contains carbohydrates Sugars, Dietary fiber, 
Fat, Thiamine (B1), Riboflavin (B2), Niacin (B3), Pantothenic 
acid (B5), Vitamin B6, Folate (B9), Vitamin C, Calcium, Iron, 
Magnesium, Phosphorus and Potassium.[17‑19] Honey also 
contains an antibacterial agent known as methylglyoxal and 
the antimicrobial peptide bee defensin‑1.[13‑16]

This  work was therefore designed to determine 
anti‑inflammatory response, possible suppression of 
active viral replication and liver damage in HBeAg 
seropositive patients who used bitter kola, lime juice and 
honey mixture to assess the nonscientific traditional claim in 
the use of the mixture to treat viral hepatitis B.

Materials and Methods

Study area
The volunteers were recruited from the Saki‑West Local 
government area located in the Northern part of Oyo State 
in the South‑West geopolitical zone of Nigeria. The local 
government has primary, secondary and tertiary hospitals and 
educational institutions. There are more than 20 traditional 
homes in the area.

Study population
Out of 39 HBsAg and HBeAg seropositive patients who 
volunteered themselves for the study only 23 volunteers 
(23; Male: 13; Female: 10; age 34–56 years) were successfully 
monitored.

Preparation and administration of bitter kola mixture
The mixture is prepared by mixing grounded bitter kola 
(30 seeds) with 500 ml of Lime Juice and 500 ml of honey. 
The mixture was kept for 5 days before administration. The 
mixture was taken by subjects at 4 divided dose for 2 months 
using 4 teaspoonfuls per dose.

HIVp24 antigen and antibodies to HIV‑1 and HIV‑2 in 
human serum
HIVp24 antigen and antibodies to HIV‑1 and HIV‑2 in 
human was determined in the serum of each of the subjects 
using Bio‑Rad Genscreen ULTRA HIV Ag‑Ab, a qualitative 
enzyme‑linked immunosorbent assay (ELISA) kit.

Anti‑hepatitis C virus enzyme‑linked immunosorbent 
assay
Anti‑HCV was detected in the subjects using Bio‑Rad 
Monolisa™ Anti‑HCV PLUS Version 3 screening kit.

Hepatitis B envelope antigen and hepatitis B envelope 
antibody enzyme‑linked immunosorbent assay
HBeAg and anti‑HBe tests were determined in the subjects 
by ELISA using the reagent kit of DIA. PRO Diagnostic 
Bioprobes Srl Via Columella, Milano– Italy Manufacturer’s 
instructions were strictly followed and applied.

Human interleukin‑10 enzyme‑linked immunosorbent assay
Plasma IL‑10 was evaluated in the subjects by ELISA using 
Human ABCAM ELISA Kit.
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Detection of acid‑fast bacilli in sputum and identification 
of Plasmodium in blood
Acid‑fast bacilli in sputum and Plasmodium in blood were 
identified by the methods described by Cheesbrough.[20]

Alanine transaminase
Plasma ALT was determine using COBAS C111.

Method of data analysis
The raw data obtained were analyzed for mean, frequency, and 
standard deviation, Student’s t‑test and probability at 0.05 level 
of significance using SPSS IBM 20.0 (New York).

Ethical consideration
The proposal was reviewed, amendments were made as 
prescribed and ethical approval was given for the work by 
Research and Ethical Committee of Oyo State Hospital 
Management Board (OYSHMB/RE/IX/238).

Results

The frequency of HBeAg (26.1% [6]) in the patients after the 
use of bitter kola, lime juice, and honey mixture was lower 
than the frequency of the viral protein (HBeAg (100% [23]) 
before the use of the mixture [Table 1 and Figure 1].

None of the HBeAg seropositive patients studied expressed 
hepatitis B envelope antibody  (HBeAb)  (anti‑HBeAg) 
before the use of bitter kola, lime juice, and honey mixture 
but 56.5%  (13) of the patients expressed HBeAb while 
17.4% (4) co‑expressed HBeAg + HBeAb after the use of the 
mixture [Table 1 and Figure 1].

There was a significant increase in the plasma value of IL‑10 
and a significant decrease in the plasma value of ALT in the 
HBeAg seropositive patients after the use of bitter kola, lime 
juice, and honey mixture [P < 0.05; Table 1 and Figures 1 and 2].

Discussion

This work was used to determine anti‑inflammatory response, 
possible suppression of active viral replication, and liver 

damage in HBeAg seropositive patients who used bitter kola, 
lime juice, and honey mixture to assess the nonscientific 
traditional claim in the use of the mixture to treat Viral hepatitis 
B. The results obtained as therefore as stated and discussed in 
the following paragraphs.

The frequency of HBeAg (26.1% [6]) in the patients after the 
use of bitter kola, lime juice, and honey mixture was lower 
than the frequency of the viral protein (HBeAg (100% [23]) 
before the use of the mixture which can be attributed to the 
potential of the mixture to boost immunity for viral clearance 
of HBeAg. The results also showed that none of the HBeAg 
seropositive volunteers studied expressed HBeAb before the 
use of bitter kola, lime juice, and honey mixture but 56.5% (13) 
of the patients expressed HBeAb while 17.4%(4) co‑expressed 
HBeAg + HBeAb after the use of the mixture.

HBeAg is a hepatitis B virus protein of which the 
expression in HBeAg seropositive patients indicates 
active hepatitis B virus (HBV) replication and a very high 
degree of infectiousness.[8,9] Those who volunteered and 
accepted for this work were those who expressed HBeAg 
without the antibody  (HBeAb), however after 2  months 
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Figure 1: Comparative discerption of plasma ALT, HBeAg, HBeAb and 
HBeAg + HBeAb in HBeAg seropositive patients before and after the use 
of bitter kola, lime juice and honey mixture. HBeAg: Hepatitis B envelope 
antigen, ALT: Alanine transaminase, HBeAb: Hepatitis B envelope antibody

Table 1: Plasma alanine transaminase, interleukin‑10, hepatitis B envelope antigen, and anti‑hepatitis B envelope antigen 
obtained in the subjects

HBeAg 
Seropositive patients before using the mixture

HBeAg 
Seropositive patients after using the mixture

t P

n 23 23
ALT (U/L) 38±4.0 19±2.0 4.24853 0.03*
IL‑10 (pg/ml) 2.8±0.1 4.7±0.2 −8.49706 0.007**
HBeAg 100% (23) 26.1% (6)
HBeAb 0 56.5% (13)
HBeAg + HBeAb 0 17.4% (4)
Plasmodium Negative Negative
AFB Negative Negative
p24 Ag‑Ab Negative Negative
Anti‑HCV Negative Negative
*Significant, **Highly Significant. HBeAg: Hepatitis B envelope antigen, ALT: Alanine transaminase, IL: Interleukin, HBeAb: Hepatitis B envelope 
antibody, AFB: Acid fast bacilli, HCV: Hepatitis C virus
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of the use of bitter kola, lime juice, and honey mixture 
majority of the volunteers expressed HBeAb though few 
co‑expressed HBeAg with HBeAb. Expression of HBeAb 
or anti‑HBeAg in HBV patients is an indication of clearance 
of HBeAg, decreased infectiousness, lack of active hepatitis 
B virus replication, convalescence, and immunity to 
HBV.[8,9] The results obtained after the use of bitter kola, 
lime juice, and honey mixture regarding the expression of 
anti‑HBeAg and HBeAg clearance[8,9] can be attributed to 
the phytochemical and the phytonutrient constituents of the 
mixture as bitter kola (Garcinia kola) contains alkaloids, 
flavonoids, tannins, cyanogenic glycosides, saponins, 
Garcinia bioflavonoids component and polyisoprenylated 
benzophenone constituents that are responsible for antiviral, 
anti‑inflammatory, antidiabetic, bronchodilator, and 
antihepatotoxic and antimicrobial properties of bitter 
kola seeds.[10‑16] Another associating factor is that lime 
juice is highly rich in vitamin C  (35%) which is a potent 
antioxidant, honey also contains antioxidant vitamins and 
minerals, antibacterial agent known as methylglyoxal, and 
the antimicrobial peptide bee defensin‑1.[10‑16]

Antiviral and anti‑inflammatory properties of bitter kola due 
to Garcinia bioflavonoids component can also be attributed 
to HBeAg clearance and lack of active viral replication.[10‑16] 
There was a significant increase in the plasma value of IL‑10 
and a significant decrease in the plasma value of ALT in the 
HBeAg seropositive patients after the use of bitter kola, lime 
juice, and honey mixture.[10‑16]

IL‑10 is an anti‑inflammatory cytokine that inhibits viral 
replication, tumorigenesis, and production of pro‑inflammatory 
cytokine.[1‑5] It also stimulates the production of antibodies 
which in this case is anti‑HBeAg for viral clearance of HBeAg 
leading to suppression of viral replication.[1‑5] In this study, a 
significant increase in IL‑10 after the use of the mixture can be 
attributed to the phytochemical and phytonutrient components 
of the mixture as discussed earlier.[10‑16]

Furthermore, ALT is a biomarker of liver damage whose 
plasma level increases as a result of hepatocellular damage.[6,7] 
Decrease in plasma ALT in this work after the use of the mixture 
indicates suppression of liver damage due to anti‑inflammatory 
and ant‑oxidative properties of the mixture attributable to the 
phytochemical and phytonutrient components of the mixture 
as discussed earlier.[10‑16]

Conclusion

Bitter kola, lime juice, and honey mixture could have 
anti‑inflammatory, active viral replication and liver damage 
suppression bioactivities in HBeAg seropositive patients as 
indicated by decrease in HBeAg, expression of anti‑HBeAg, 
decrease in plasma ALT and increase in IL‑10 after the use 
of the mixture.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Lazear HM, Nice TJ, Diamond MS. Interferon‑λ: Immune functions at 

barrier surfaces and beyond. Immunity 2015;43:15‑28.
2.	 Said  EA, Dupuy  FP, Trautmann  L, Zhang Y, Shi Y, El‑Far  M, et  al. 

Programmed death‑1‑induced interleukin‑10 production by monocytes 
impairs CD4+T cell activation during HIV infection. Nat Med 
2010;16:452‑9.

3.	 Ağaç D, Estrada LD, Maples R, Hooper LV, Farrar JD. The β2‑adrenergic 
receptor controls inflammation by driving rapid IL‑10 secretion. Brain 
Behav Immun 2018;74:176‑85.

4.	 Saroz  Y, Kho  DT, Glass  M, Graham  ES, Grimsey  NL. Cannabinoid 
receptor 2  (CB2) signals via G‑alpha‑s and induces IL‑6 and IL‑10 
cytokine secretion in human primary leukocytes. ACS Pharmacol Transl 
Sci 2019;2:414‑28.

5.	 Li X, Mai J, Virtue A, Yin Y, Gong R, Sha X, et al. IL‑35 is a novel 
responsive anti‑inflammatory cytokine – A new system of categorizing 
anti‑inflammatory cytokines. PLoS One 2012;7:e33628.

6.	 Giannini EG, Testa R, Savarino V. Liver enzyme alteration: A guide for 
clinicians. CMAJ 2005;172:367‑79.

7.	 Ghouri  N, Preiss  D, Sattar  N. Liver enzymes, nonalcoholic fatty 
liver disease, and incident cardiovascular disease: A  narrative 
review and clinical perspective of prospective data. Hepatology 
2010;52:1156‑61.

8.	 Bennett JE, Dolin R, Blaser MJ. Mandell, Douglas, and Bennett’s  
Principles and Practice of Infectious Diseases. 9th ed. Amsterdam: 
Elsevier Health Sciences; 2019. p. 4176.

9.	 Rysgaard  CD, Morris  CS, Drees  D, Bebber T, Davis  SR, Kulhavy  J, 
et al. Positive hepatitis B surface antigen tests due to recent vaccination: 
A persistent problem. BMC Clin Pathol 2012;12:15.

10.	 Iwu M, Duncan AR, Okunji CO. New Antimicrobials of Plant Origin. 
Alexandria, VA: ASHS Press; 1999. p. 457‑62.

11.	 Okoye TC, Uzor PF, Onyeto CA, Okereke EK. Safe African medicinal 
lants for clinical studies. In: Kuete V, editor. Toxicological Survey of 
African Medicinal Plants. Ch. 18. Amsterdam  Elsevier; 2014. p. 535‑55. 
[Doi:  10.1016/B978‑0‑12‑800018‑2.00018‑2]. Available from: https://
www. sciencedirect.com/science/article/pii/B9780128000182000182. 
[Last accessed on 2014].

12.	 Moneim  A, Sulieman  E. Garcinia kola  (Bitter Kola): Chemical 
composition. In: Mariod  A, editors. Wild Fruits: Composition, 
Nutritional Value and Products. Cham: Published by Springer; 
2019. [Doi: 10.1007/978‑3‑030‑31885‑7_23].

13.	 Cheesbrough  M. District Laboratory Practice in Tropical Countries: 

IL-10 (pg/ml)

HBeAg positive patients before using the mixture

HBeAg positive patients after using the mixture

Figure 2: Comparative discerption of plasma IL‑10 in HBeAg seropositive 
patients before and after the use of bitter kola, lime juice and honey 
mixture. HBeAg: Hepatitis B envelope antigen, IL‑10: Interleukin



Olaniyan, et al.: Anti-inflammatory, anti-viral and hepatoprotective activities of Bitter Kola- Lime Juice, - Honey Mixture

Matrix Science Pharma  ¦  Volume 6  ¦  Issue 2  ¦  April-June 2022 45

2006 Part  2. 2nd  ed. New  York: Cambridge University Press, The 
Edinburgh Building, Cambridge CB2 8RU, UK Published in the United 
States of America by Cambridge University Press; 2012.

14.	 Kwakman PH, Zaat SA. Antibacterial components of honey. IUBMB 
Life 2012;64:48‑55.

15.	 Oduwole O, Udoh EE, Oyo‑Ita A, Meremikwu MM. Honey for acute 
cough in children. Cochrane Database Syst Rev 2018;4:CD007094.

16.	 Goldman  RD. Honey for treatment of cough in children. Can Fam 
Physician 2014;60:1107‑8, 1110.

17.	 Paul IM. Therapeutic options for acute cough due to upper respiratory 
infections in children. Lung 2012;190:41‑4.

18.	 Patil  JR, Chidambara Murthy  KN, Jayaprakasha  GK, Chetti  MB, 
Patil BS. Bioactive compounds from Mexican lime (Citrus aurantifolia) 
juice induce apoptosis in human pancreatic cells. J Agric Food Chem 
2009;57:10933‑42.

19.	 Penniston  KL, Nakada  SY, Holmes  RP, Assimos  DG. 
Quantitative assessment of citric acid in lemon juice, lime juice, 
and commercially‑available fruit juice products. J  Endourol 
2008;22:567‑70.

20.	 Wu  GA, Terol  J, Ibanez  V, López‑García A, Pérez‑Román E, 
Borredá C, et al. Genomics of the origin and evolution of Citrus. Nature 
2018;554:311‑6.


