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Background: Interleukin-6 is a pleiotropic cytokine being explored in therapy for cancer, trauma, and inflammatory infections, albeit 
with limited data about its safety. The main aim of this study was to investigate the toxicities associated with systemic administration 
of interleukin-6 in Wistar albino rats.
Methods: Four groups of rats, each containing six (6) animals received a daily intramuscular dose of 0.3mls of normal saline, 500ng/kg 
of recombinant interleukin-6, 1000ng/kg of Interleukin-6, and 2000ng/kg of Interleukin-6 for 21 days. On day 22 post-treatment, rats 
were euthanized, and blood and body organs were collected for analysis. Blood was used to determine liver and renal function, and 
hematology parameters, while liver and kidney tissue sections were used for histopathological analysis.
Results: The results revealed that systemic administration of interleukin-6 for 21 days significantly decreased levels of serum 
creatinine (p<0.00) and serum urea (p<0.01). IL-6 administration had no demonstrable effects on liver function across treatment 
groups We observed a significant decrease in lymphocytes numbers (p<0.02) across treatment groups when compared to the negative 
control group. Platelets were significantly elevated in the 100ng/kg treatment groups as compared to the negative control and other 
treatment groups. Liver and kidney tissue sections for animals that received 500ng/kg of recombinant IL-10 were comparable to those 
of the negative control and at 1000 and 2000ng/kg, a dose-dependent increase in organ damage was evident.
Conclusion: We demonstrate that systemic administration of recombinant IL-6 at concentrations ranging between 500–1000ng/kg is 
well tolerated, above this concentration, dose-dependent toxicities and adverse side effects becoming evident. It would be interesting to 
explore long-term toxicities associated with the systemic administration of IL-6.
Keywords: interleukin-6, hepatotoxicity, nephrotoxicity, Wistar albino rats, immunotherapy

Introduction
Interleukin-6 is a glycoprotein expressed by the interleukin-6 gene and acts as a pro-inflammatory cytokine by mediating 
fever and acute-phase response.1–3 Interleukin-6 enhances and increases blast cell colony formation, and hematopoiesis, 
and is important in megakaryocytic differentiation and associated with higher platelet production.4,5 In infectious diseases 
like human African trypanosomiasis, interleukin-6 is upregulated in late-stage patients and recommended as a therapeutic 
target.6,7 In this regard, several studies have demonstrated the therapeutic potential of Interleukin-6. In one study, IL-6 was 
shown to facilitate hepatocyte regeneration in liver toxicity.8 Interleukin-6 was demonstrated to promote megakaryocyte 
maturation and increase platelet recovery in cancer chemotherapy patients.9 Interleukin-6 has been shown as a prognostic 
indicator and provides a clinical perspective on Interleukin-6 blocking therapies in renal disease.10 Anti-interleukin-6 
therapeutics can neutralize Interleukin-6 production in vivo and are safe and useful in inflammatory diseases, such as 
Castleman disease.1,11
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Despite their use and recommendations as therapeutic agents, cytokine toxicities have been reported. Interferon-α is 
associated with fever fatigue, headache, gastrointestinal symptoms, and myalgia as well as the increase in hepatic 
enzymes, thrombocytopenia, leukopenia, and neutropenia12 including neuropsychiatric issues that include, confusion, 
depression, and mania13,14 and it may cause a permanent change of the immune system with the development of vitiligo 
and hypothyroidism.11,15 Interleukin-2 has been associated with capillary leak syndrome, which involves cardiac 
arrhythmias, myocarditis, reversible renal and hepatic dysfunction, hypotension, tachycardia, and pulmonary, peripheral 
edema secondary to third-space fluid accumulation. Interleukin-2 also causes fever, chills, fatigue, and gastrointestinal 
side effects such as vomiting, anorexia, transaminase elevation, cholestasis, electrolyte abnormalities, and diarrhea.13

High levels of IL-6 in serum have shown poor prognosis of tumor types like breast, renal, prostate, ovarian, and 
especially myeloma cells which start excreting high volumes of Interleukin-6 to act as an autocrine growth factor that 
promotes the growth of these cancer cells but this can be overcome by use of corticosteroids because they inhibit 
Interleukin-6.13 However, studies investigating the therapeutic and chemical properties of interleukin-6 have recommended 
Interleukin-6 as a therapeutic agent because Interleukin-6 plays a great role in the pathogenesis of various cancers, 
including prostate, breast, ovarian, and renal, in addition to B-malignancies, mostly myeloma. As a result of these 
observations, there have been ongoing clinical trials about Interleukin-6 like; Interleukin-6 with ovarian cancer 
therapy,16 Effects of Interleukin-6 on fetal hematopoietic progenitors,17,18 in vivo effects of recombinant human 
Interleukin-6 in primates; stimulated production of platelets,11 Administration of Interleukin-6 stimulates multilineage 
hematopoiesis and accelerates recovery from radiation-induced hematopoietic depression,19 Phase 1 trial of subcutaneous 
interleukin-6 in patients with advanced malignancies.20 In this study, we investigated the toxicities associated with systemic 
administration of interleukin-6 in Wistar albino rats.

Methodology
Experimental Design
We carried out an experimental study to investigate the effect of systemic administration of Interleukin-6 on hematolo
gical indices and liver and kidney function over 21 days. We utilized both male and female randomly selected Wistar 
albino rats that were acquired from the animal handling facility at the College of Veterinary Medicine, Animal Resources, 
and Biosecurity at Makerere University. A total of 24 rats of approximately 8 weeks of age and an average weight of 300 
± 5 g were housed in standard rat cages (Alibaba, China) for two (2) weeks to allow acclimatization in a controlled 
environment. The sample size of 24 rats was calculated using GitHub software as that giving a difference between means 
of 0.621 at a significant level alpha of 0.05, and power of 83%. Rats were housed under standard laboratory conditions of 
light, temperature (28±2°C), and relative humidity (55±5%) with an alternating light and dark cycle. The animals were 
fed on commercially available pelleted rat chow (Nuvita, Uganda), and water was provided ad-lib.

Rats were randomly divided into 4 groups, each with 6 animals, and treated with different drugs. The randomization 
was done with the help of the RandoMice randomization software.22 Briefly, group 1 worked as the negative control and 
received 0.3mls of normal saline (Sigma, USA). Group 2 received 500ng/kg recommended human dose23 of recombinant 
murine IL-6 (Biomatik, USA). Group 3 received 1000ng/kg of IL-6 while Group 4 received 2000ng/kg of recombinant 
Interleukin-6. Recombinant Interleukin-6 was administered intramuscularly (0.3mL) to all animals once daily for 21 
days. On day 22 post-treatment, rats were euthanized by administering 100% carbon dioxide (CO2) as previously 
described.24 A 5mL blood sample was collected by cardiac puncture and serum was utilized for liver and kidney 
function biochemical assays. Total blood counts for white blood cell indices, red blood cell indices, and platelet counts 
were carried out. Liver and kidney tissues were collected and fixed in 10% formaldehyde for histological analysis.

Laboratory Procedures
Hematology Parameters
Haematological parameters like packed cell volume and complete blood count were performed on the blood samples. 
Complete blood count (CBC) is a blood test used to evaluate overall health and investigate various blood disorders, 
including anaemia, infection, and leukaemia. This test involves all blood parameters like red blood cell count for carrying 
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oxygen in the body, white blood cell count fighting infection. We used this test to detect the effect of interleukin-6 on red 
blood cells and white blood cells as well and platelets. This test was performed by putting a well-mixed whole blood 
sample below the Sysmex machine to suck 1µL of blood that is analyzed and the results were printed out.

Clinical Chemistry Parameters (Liver Function Tests and Renal Function Tests)
Clinical chemistry is the measurement of chemical component of body fluids (urine and blood). Liver function tests 
included enzymes (AST, GGT, ALP, ALT), Proteins, and bilirubin, while renal function tests included urea, creatinine, 
creatinine clearance, microalbumin, sodium ions, potassium ions, and chloride ions. The blood sample was centrifuged 
to attain serum, and 4µL of serum was put into an Integra cup that was inserted into the COBAS Integra 400 machine. 
The machine sucks the serum as reagents interact with the serum and reactions are read as results and printed out at the 
end of the analysis. Therefore, the LFTs and RFTs were done to assess the effect of interleukin-6 on liver and kidney 
function.

Histopathological Analysis
After surgical removal, liver and kidney tissues were fixed in 10% formalin (Alibaba, China) for 2 days before analysis. 
Tissues were trimmed and loaded in cassettes and processed using a Histokinette (Leica, Germany) as previously 
described by.25 The processed tissues were embedded in molten paraffin wax, blocked on wooden blocks, trimmed, 
and sectioned using a Rotary Microtome (Baired and Tatlock, London), at 5µm thickness. The sections were later floated 
out on warm water in a water bath (Leica, Germany 1210) set at 44°C, dried and fixed on a glass slide in an oven set at 
52°C for 48 hours. After which the sections were deparaffinized, stained with hematoxylin and eosin and then mounted 
using DPX (Distrene, plasticizer and xylene). Prepared slides were coded using numbers without showing the treatment 
groups and were analyzed by a Senior Pathologist at the College of Veterinary Medicine, Animal Resource and 
Biosecurity at Makerere University. Representative slides were later observed using a Carl Zeiss light microscope 
(Axiostar, Germany) for alterations in normal liver and kidney architecture. Photomicrographs were taken using 
a mounted digital camera (PowerShot, China) with ZoomBrowser EX version 2 imaging software.

Data Analysis
Data analysis was performed using GraphPad version 7 statistical software. We used the D’Agostino-Pearson normality 
test, as the data were normally distributed, parametric tests were used for group comparisons. Values for each group were 
expressed as mean ± SEM. The effect of the treatment on renal, liver, and haematology parameters among different 
groups was analyzed using a one-way ANOVA at a significant level α = 0.05. For groups where the one-way ANOVA 
results were significant, the Tukey Kramer Multiple Comparison test, set at a significance level α = 0.05 was used to 
compare every mean with every other mean.

Ethical Consideration
Ethical approval for this study was sought from the Institutional Review Board for the use of laboratory animals at the 
College of Veterinary Medicine, Animal Resources and Biosecurity at Makerere University (SBLS.CKD.2017). The 
Organization for Economic Co-operation and Development Environment Directorate guidelines for testing of chemicals 
in laboratory animals were strictly adhered to (OECD, 2001).

Results
Animal Characteristics After Treatment
Following the treatment, Interleukin-6 was generally well tolerated. No side effect was dose-limiting. Systemic 
symptoms such as fever, lethargy, fatigue, muscle wastage, tachycardia, and myalgias were the main side effects as 
these were observed in the 2000ng/kg group and 1000ng/kg. Additionally, cutaneous side effects consisting of a local 
reaction at the injection site of Interleukin-6 were observed.
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Effect of Systemic Administration of Interleukin-6 on Liver Function
To determine the effect of administering Interleukin-6 systemically over 21 days, liver functional tests were assayed. Results 
showed that, Interleukin-6 treatment had no significant effect (p = 0.86, F (3, 20) = 1.9, Table 1) on Serum Total Bilirubin levels, 
serum direct bilirubin (p = 0.16, F (3, 20) = 0.6), Serum Glutamic Pyruvic Transaminase (p = 0.6, F (3, 20) = 0.7414), serum 
glutamic Oxaloacetic transaminase (p = 0.53, F (3, 20) = 0.7721), Alkaline phosphatase (p = 0.52, F (3, 20) = 1.285), Total protein 
(p = 0.31, F (3, 20) = 0.5824), Albumin (p = 0.63, F (3, 20) = 0.7225) and the Gamma-Glutamyl Transferase.

Effect of Systemic Administration of Interleukin-6 on Kidney Function
To determine the effect of administering Interleukin-6 systematically over a 21-day period, kidney functional tests were 
assayed. The results revealed that Interleukin-6 treatment had a significant effect (p =0.0001, F (3, 20) = 11.8, Table 2) on 
serum creatinine levels and serum urea (p = 0.01, F (3, 20) = 4.8). On comparison between groups, serum creatinine levels 
showed a significant dose dependent reduction. The group receiving the highest dose of Interleukin-6 (2000ng/kg) 
showed significantly (P = 0.05) lower Serum Creatinine levels (70.8 ± 1.0µmol/l) as compared to the negative control 
(81.00 ± 1.8 µmol/l) and 500ng/l (79.2 ± 1.3 µmol/l) group. No significant difference was observed in Serum Creatinine 
levels between the negative control and the group receiving 500ng/kg of Interleukin-6.

When serum urea levels were compared across treatment groups, similar dose-dependent reductions were observed. 
Serum urea levels were significantly (P = 0.05) reduced in the 200ng/l group (5.8 ± 0.4µmol/l) as compared to the 
negative control (8.1 ± 0.4µmol/l), 500ng/l (7.4 ± 0.5µmol/l) and 1000ng/l (6.6 ± 0.5µmol/l) groups. No significant 
differences were noted between the negative control group and the Interleukin-6 treatment groups at 500ng/kg and 
1000ng/kg. The Interleukin-6 treatment did not have a significant effect on electrolyte levels, sodium levels (p = 0.13, 
F (3, 20) = 2.152), potassium levels (p = 0.13, F (3, 20) = 2.088), and chloride levels (p = 0.7, F (3, 20) = 0.4733).

Effect of Systemic Administration of Interleukin-6 on Haematological Indices
To determine the haematological effect of administering IL-6 systemically over 21 days, both white and red blood cell 
indices were measured (Table 3). Results from this study showed that systemic administration of IL-6 significantly affected 

Table 1 Effect of Systemic Administration of Interleukin-6 on Liver Function

Liver Parameter Treatment Groups

Negative Control 500ng/kg 1000ng/kg 2000ng/kg P Value

Total Bilirubin 22.9 ± 1.5 20.8 ± 0.5 21.2 ± 2.2 21.6± 2.6 0.86
Direct Bilirubin 5.3 ± 0.3 4.5 ±0.2 4.5 ± 0.4 5.7 ±0.7 0.16

Serum Glutamic Pyruvic Transaminase 27.6 ± 2.4 23.2 ±2.5 23.7 ±1.7 24.9 ±3.2 0.6

Serum Glutamic Oxaloacetic Transaminase 24.5 ± 2.5 20.8 ±2.4 19.6 ±1.5 21.3 ±3.2 0.53
Alkaline Phosphatase 85.4 ± 2.0 84.0 ±2.0 82.8 ± 0.8 82.3 ±0.8 0.52

Total Protein 72.1 ± 0.6 70.8 ±0.4 70.9 ± 0.6 70.6 ±0.8 0.31

Albumin 40.9 ± 0.4 40.3 ±0.3 40.8 ± 0.2 40.6 ±0.4 0.63
Gamma-Glutamyl Transferase 26.8 ± 2.6 23.0 ±1.4 23.4 ±1.7 25.0 ±2.2 0.55

Note: Results were expressed as mean ± SEM.

Table 2 Effect of Systemic Administration of Interleukin-6 on Kidney Function

Parameters Negative Control 500ng/kg 1000ng/kg 2000ng/kg P Value

Creatinine 81.0 ± 1.8, 95% CI [79.1, 82.9] 79.2 ± 1.3, 95% CI [77.8, 80.6] 74.6 ± 1.1, 95% CI [73.5, 75.8] 70.8 ± 1.0, 95% CI [69.8, 71.9] 0.00*

Urea 8.1 ± 0.4, 95% CI [7.7, 8.5] 7.4 ± 0.5, 95% CI [6.9, 7.9] 6.6 ± 0.5, 95% CI [6.1, 7.1] 5.8 ± 0.4, 95% CI [5.3, 6.2] 0.01*

Sodium 139.4 ± 0.2 138.5 ± 0.3 138.6 ± 0.2 138.4 ± 0.4 0.13

Potassium 4.0 ± 0.0 3.9 ± 0.03 3.9 ± 0.0 3.9 ± 0.0 0.13

Chloride 98.9 ± 0.3 98.3 ± 0.2 98.4 ± 0.4 98.4 ± 0.6 0.70

Notes: Results were expressed as mean ± SEM, and confidence intervals (CI) for significant findings. Asterisks*indicate significant differences across groups.
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lymphocyte numbers (p = 0.018, F (3, 20) = 4.2) and platelets (p = 0.01, F (3, 20) = 4.9). Comparison between groups 
showed significantly lower lymphocyte numbers in the 1000ng/kg (2.73 ± 1.18µmol/L) group compared to the negative 
control (6.95 ± 0.75µmol/L) group. Lymphocyte numbers did not significantly differ across other groups. Comparisons 
between platelet counts across the different groups revealed significantly (p = 0.05) higher numbers in the 1000ng/kg (545.7 
± 29.84µmol/L) group as compared to other groups. Platelet counts did not differ significantly across other groups. For other 
white and red blood cell haematological parameters, IL-6 administration did not have a significant effect.

Effect of Systemic Administration of Interleukin-6 on Kidney Histology
Histological examination of sections from the kidney cortex in the negative control group revealed the normal kidney 
architecture with visible renal corpuscles and convoluted tubules (Figure 1, plate 1) that were comparable to that of 
the 500ng/kg Interleukin-6 group (Figure 1, plate 2). A mild Interleukin-6 dose-dependent nephrotoxicity was observed 
in the 1000ng/kg (Plate 3), and 2000ng/kg (Plate 4) treatment groups. Nephrotoxicity was evidenced by mild proximal 
tubular necrosis, glomerular, and renal tubular degeneration tending with evidence of necrosis.

Effects of Systemic Administration of Interleukin-6 on Liver Histology
Histology examination of the liver sections from the negative control group revealed the central vein with radiating 
hepatic cords, indicating normal liver lobular architecture (Figure 2, plate 1). The liver architecture of the 500ng/kg 
group Interleukin-6 was comparable to that of the negative control (Figure 2, plate 2). Liver sections from the 1000ng/kg 
(plate 3) and 2000ng/kg (plate 4) showed a mild dose-dependent deterioration in the liver architecture. The hallmark of 
this damage was indicated as hepatocyte degeneration, enlarged hepatocytes, and disintegration of hepatic cords.

Discussion
Clinical trials have come up identifying Interleukin-6 as a therapeutic agent because Interleukin-6 plays a great function 
in the pathogenesis of various cancers, including prostate, breast, ovarian, and renal, in addition to B-malignancies, 
mostly myeloma; Interleukin-6 with ovarian cancer therapy,26,27 Effects of Interleukin-6 on fetal hematopoietic 
progenitors,17 in vivo effects of recombinant human Interleukin-6 in primates; stimulated production of platelets,11 

Administration of Interleukin-6 stimulates multilineage hematopoiesis and accelerates recovery from radiation-induced 
hematopoietic depression,19 Use of interleukin-6 in treatment of severe COVID-19.28,29 Before a drug comes to market, 
its safety is very important. Our experiment was focused on determining the toxicity effect of systemic administration of 
recombinant interleukin-6 on clinical chemistry parameters, hematology parameters, and histology of the liver and the 
kidney.

Table 3 Effect of Systemic Administration of Interleukin-6 on Hematological Indices

Hematological Indices Negative Control 500ng/kg 1000ng/kg 2000ng/kg P Value

White Blood cells 8.7 ± 0.8 8.1± 2.1 5.6 ± 2.2 8.0 ± 1.1 0.58

Lymphocytes 7.0±0.8, 95% CI [6.1, 7.8] 4.2±0.9, 95% CI [3.2, 5.1] 2.7 ± 1.2, 95% CI [1.4, 3.9] 6.4±1.0, 95% CI [5.3, 7.4] 0.02*

Monocytes 0.9 ± 0.1 1.0 ± 0.3 0.7 ± 0.3 0.9 ± 0.2 0.9

Granulocytes 0.8 ± 0.2 2.9 ± 1.4 2.1 ± 0.8 0.9 ± 0.2 0.24

Red Blood Cells 6.6 ± 0.2 6.6 ± 0.3 6.0 ± 0.5 6.5 ± 0.2 0.44

Hemoglobin 13.6 ± 0.4 13.9 ± 0.6 12.2 ± 0.8 13.6 ± 0.4 0.19

Hematocrit 38.9 ± 1.1 40.3 ± 1.8 34.5 ± 2.5 39.7 ± 1.2 0.11

Mean Corpuscular Volume 59.2 ± 1.0 60.6 ± 1.4 58.1 ± 1.0 62.0 ± 0.5 0.09

Mean Corpuscular 

Hemoglobin Concentration

38.1 ± 3.4 34.5 ± 0.9 35.4 ± 0.6 33.9 ± 0.5 0.39

Red Cell Distribution Width 14.2 ± 1.4 13.4 ± 0.4 14.8 ± 0.7 13.3 ± 0.3 0.53

Platelets 488.8±13.0, 95% CI [474.7, 501.9] 432.3±31.4, 95% CI [399.3, 465.3] 545.7±29.8, 95% CI [514.4, 577] 412.8 ± 29.3, 95% CI [382.1, 443.1] 0.01*

Plateletcrit 0.4 ± 0.0 0.4 ± 0.04 0.5 ± 0.0 0.4 ± 0.0 0.09

Mean Platelet Volume 8.3 ± 0.04 9.7 ± 0.5 9.0 ± 0.5 8.7 ± 0.2 0.05

Platelet Distribution Width 9.3 ± 0.6, 95% CI [8.7, 9.9] 13.3±1.0, 95% CI [12.3, 14.4] 11.4 ± 1.0, 95% CI [10.4, 12.5] 10.5 ± 0.3, 95% CI [10.2, 10.8] 0.01*

Notes: Results were expressed as mean ± SEM and confidence intervals (CI) for significant results. Asterisks*indicate significant differences across groups.
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Figure 1 Transverse section through the kidney showing histopathological changes. Plate 1 (normal control group) shows a normal kidney architecture, note the renal 
corpuscle (Rn) deep in the cortex, the proximal convoluted tubules (T) are also clearly discernible and similar in plate 2 (500ng/kg group). Note the mild nephrotoxicity with 
mild disintegration of the renal tubules in the 1000ng/kg and 2000ng/kg groups. The scale bar is 25µm.

Figure 2 Transverse section through the liver showing histopathological changes. Plate 1 (normal control group) shows normal liver lobular architecture, note the central 
vein (V) with radiating hepatic cords that are very discernible and similar to plate 2 (500ng/kg group). Plate 3 (1000ng/kg group) and plate 4 (2000ng/kg group) showed mild 
disintegration of hepatic cords, enlarged and degenerating hepatocytes (arrowheads). The scale bar is 25µm.
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Toxicity was dose-limiting at 2000ng/kg recombinant interleukin-6 because of a combination of headache, fever, 
myalgia, and chills.20 At low doses of 500ng/kg and 1000ng/kg, these signs were tolerated and are attributed to immune 
and acute phase responses, which are characterized by fever to Interleukin-6. Muscle wastage has been previously 
associated with Interleukin-6 due to its ability to stimulate protein breakdown at a high concentration of 2000ng/kg, thus 
the fever and accelerating peripheral lymphocytes and their precursors.30,31 Fatigue and lethargy have been associated 
with interleukin-6 secretion by the body cells,32 as well as tachycardia because interleukin-6 demonstrates the ability to 
stimulate the Hypothalamic-pituitary-adrenal axis, stimulating adrenocorticotropic hormone and corticosterone produc
tion that increase blood pressure.33 Similarly, infusion reactions have been observed with the intravenous administration 
of infliximab, a TNF-α antagonist.34 Among individuals receiving interferon alpha, flu-like symptoms with headache, 
nausea, fever, and chills have been reported.35 As described, there was no significant effect of Interleukin-6 on liver 
function tests in the results for the experiment even though there was an acute phase protein characterized by the fever 
that was seen in the animals albeit in this case, it was a positive acute phase protein thus the increase in the lymphocyte 
count in the 1000ng/kg IL-6 group.36,37 Though the liver tissue histopathology exhibited mild liver damage, which is 
supported by previous studies.38 Chronic exposure of IL-6 has been associated with impaired hepatic lipid metabolism,39 

and recently in SARS-COV-2 patients, IL-6 has been associated with inducing liver inflammation and liver injury.40 

Administration of IFN has been associated with glomerulonephritis, tubulo-interstitial nephritis, systemic lupus erythe
matosus-like syndrome, and in some cases, thrombotic microangiopathy.41 In acute renal failure, IL-10 has been shown 
to dysregulate monocytes, leading to a poor outcome among patients with acute renal failure.42 In our study, no renal 
toxicity was observed as determined by serum sodium, potassium, and chloride in line with previous studies43 though 
there was a significant decrease in serum creatinine and urea thus exhibited no effect on the kidney because low levels of 
urea in blood are not a cause for concern and not used to diagnose or monitor renal function. The low creatinine and urea 
levels observed in this case might have different causes. A urea reduction might be associated with the liver’s inability to 
metabolize ammonia, as the liver is critical in processing proteins and managing waste products. Inadequate protein 
intake might fail to provide the required substrates for urea production, thus lowering its levels.43 In this study, animals 
were fed on commercial feeds, and we did not confirm the protein levels in the feeds. Furthermore, overhydration has 
been shown to reduce urea levels.43 Low creatinine levels are also not for the diagnosis of renal function but in this case, 
it is might have resulted from muscular dystrophy or muscle wastage44,45

Interleukin-6, being a pleiotropic cytokine, was administered for three weeks in Wistar albino rats and increased 
platelet and lymphocyte counts in the 2000ng/kg treatment group. Megakaryocytopoiesis stimulation occurs at both an 
early and a late stage of differentiation. In the early steps of hematopoietic differentiation, several growth factors, 
including Interleukin-3 and GM-CSF, can induce proliferation and differentiation of the committed progenitor but are 
not specific to the megakaryocytic lineage. Interleukin-6 is one of the main stimulators at the late stages of 
megakaryocytic differentiation. In vitro, Interleukin-6 increases the ploidy and size of individual megakaryocytes.46 

Moreover, at high dose levels, Interleukin-6 acts synergistically with Interleukin-3 in vitro to stimulate megakaryocytic 
proliferation and differentiation at early steps and Interleukin-6 alone does not affect megakaryocyte development. 
Preclinical studies in healthy primates have shown that in vivo administration of Interleukin-6 increased platelet 
production and induced a right shift in megakaryocytic DNA ploidy. The time to obtain a maximal effect on platelet 
production may reflect the time necessary to increase megakaryocytic ploidy and size in response to Interleukin-6, 
which in turn causes an increased efflux of platelets from the marrow. The shift of megakaryocyte ploidy appeared 
1 week before maximal peripheral platelet counts. This delay is like that observed in primates47 in patients with 
advanced malignancies. Nevertheless, there is no definitive explanation for this delay in IL-6-induced increases in 
platelet counts. In our study, Interleukin-6 did not affect white blood cells and red blood cells as well as haemoglobin, 
which is in line with other previous animal studies.48

Our study has clinical implications that might guide subsequent clinical trials and IL-6 therapy. Several side effects 
have been observed during cytokine therapy that include hematologic, psychiatric, endocrine, neurologic, pulmonary, and 
dermatological.49 Interferon alpha administration has been associated with altered sleep patterns, anorexia, and fatigue.50 

In this study, IL-6 therapy was associated with fever, fatigue, muscle wasting, and lethargy. The diverse nature of these 
side effects and toxicities would need to be weighed against the potential benefits of using IL-6 in therapy in a benefit-to- 
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risk ratio. Furthermore, we show that a dose of 1000ng/kg and below seems to be well tolerated and could be explored in 
clinical trials and clinical settings. In addition, some of the reported side effects could be clinically managed through 
symptomatic treatment.

Our study has limitations. Firstly, we did not analyze for gender specific differences in cytokine levels across the 
study groups due to the uneven distribution of animals by gender across the study groups, yet gender has previously been 
shown to affect cytokine levels.51,52 We thus recommend that future studies explore the variations in toxicities across 
gender comprehensively. Secondly, we only considered subacute toxicities, and IL-6 administration might likely have 
chronic toxicities. Chronic IL-6 exposure has been associated with a disruption in normal CNS function,53 and aggravates 
fatty liver diseases by increasing lipogenesis.54

Conclusion
Our results have shown that recombinant interleukin-6 can be safely administered up to 1000ng/kg above which dose- 
limiting side effects are evident. As we did not investigate the efficacy of IL-6, it is likely that there might be potential 
benefits of high doses that might outweigh the observed side effects, and this necessitates further studies. To use IL-6 at 
higher doses, the benefit-to-risk ratio needs to be ascertained with concurrent symptomatic management of arising side 
effects. As we did not investigate the chronic toxicity associated with IL-6 administration, it is likely that either the 
toxicities might revert or that low doses might also prove to have serious effects. Therefore, future studies to explore the 
chronic toxicity associated with IL-6 administration in light of its efficacy are paramount.
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