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Lycopene improves on basic hematological 
and immunological parameters in diabetes 
mellitus
Ejike Daniel Eze1,2*, Adam Moyosore Afodun3, Josephine Kasolo4 and Keneth Iceland Kasozi2* 

Abstract 

Objective: Diabetes is associated with an upset of hematological and immunological parameters in humans, how-
ever information on the effects of Lycopene is scarce. The aim of the study was to gain information on basic changes 
in hematological parameters as markers for safety since anemia as a complication in diabetic chemotherapy has been 
reported.

Results: Lycopene had anti-anemic effects and improved on the immune status of diabetic rats and these obser-
vations were dose independent. There was a decrease in neutrophil, low neutrophil–lymphocyte ratio and platelet 
counts and stable albumin, globulin levels. Lycopene could exert its protective effects through a balance of basic 
hematological physiological variables.
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Introduction
Anemia has been identified as a major complication of 
diabetes mellitus (DM) in humans [1] and vitamin sup-
plementation using folic acid and vitamin B12 has been 
associated with improved patient outcomes, although a 
lot remains to be established in this field [2]. In blood, a 
significant reduction in vitamin B12 (cobalamin) due to 
its malabsorption in Type 1 Diabetes Mellitus (T1DM) 
would be associated with anemia since this is a matura-
tion factor needed during erythropoiesis [3]. Metformin 
use has also been associated with low vitamin B12 levels 
[4] demonstrating a need for novel therapies to manage 
complications in DM therapy. Lycopene is a phytochemi-
cal carotenoid, red in color, lipophilic and naturally 
occurring in many natural products especially in toma-
toes [5]. Carotenoids have been associated with strong 
antioxidant activity and this is responsible for their 

therapeutical benefits in humans following a heavy vege-
table intake [6]. Previously, the hypoglycemic and pancre-
atic protective effects of Lycopene have been established 
[7], however information on its effects on hematological 
parameters in anemia is scarce. Hematological indices i.e. 
mean corpuscular hemoglobin concentration (MCVH) 
has been shown to be higher in diabetic patients and 
the mean corpuscular hemoglobin concentration nega-
tively correlated with blood pressure demonstrating the 
importance of hematological indices in diabetes [8]. In 
severe diabetic human patients, anemia has been associ-
ated with low hemoglobin (Hb) levels [9] demonstrating 
its importance as a clinical marker in this regard. Since 
glycated hemoglobin (A1C) is a reference for long-term 
glucose monitoring, its association with DM complica-
tions leads to its ability to interfere with Hb metabolism, 
the glycated albumin reflects short-term glycemia and is 
not influenced by situations that falsely alter A1C levels 
[10] however, information on Lycopene induced albumin 
changes (due to alterations in Hb metabolism) is scarce. 
Serum albumin can be estimated using the bromocresol 
green (BCG) and bromocresol purple (BCP) methods 
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and these methods may lead to serious confusions espe-
cially at low albumin levels and an overestimation has 
been associated with serum acute phase proteins [11]. 
High globulin levels have also been reported as a risk fac-
tor to diabetes [12] and these would be associated with 
beta globulins while gamma globulins are decreased in 
diabetes, however the scarcity of information on the role 
of Lycopene on blood parameters created a rationale for 
the study. Lycopene would alter basic hematological and 
immunological parameters and this formed the objective 
for the current study.

Main text
Methods
Study design
Male Wistar rats (N = 30) weighing 150–200 g were kept 
as previously described with 24  h of day light [13] at 
Kampala International University Western Campus. Dia-
betes mellitus was induced by using 60 mg/kg of Strep-
tozotocin  (Sigma®) in olive oil and after confirmation of 
hypoglycemia [13]  and insulin levels (Additional file  1: 
Figure S1), rats were divided randomly using MS Excel 
version 2013 by assigning a random number from 1–5 
into experimental groups as previously described [14] i.e. 
5 rats per experimental group. Thirty rats were divided 
into a negative control (n = 5) which was administered 
with olive oil, and diabetic rats were used in positive 
control (n = 5) with olive oil at 0.5 ml/kg, the compara-
tive control (n = 5) administered with glibenclamide at 
2  mg/kg and three experimental groups of Lycopene 
(Pittsburgh, USA) i.e. low (n = 5), medium (n = 5) and 
high dose (n = 5) of lycopene at 10 mg/kg, 20 mg/kg and 
40 mg/kg of Lycopene per os for 28 days. Lycopene was 
reconstituted in olive oil to appropriate working dosage 
as previously described [15]. The animals were kept in 
standard plastic cages, provided water and feeds adlibi-
tum and animal were assessed on hematological param-
eters in line with ARRIVE guidelines.

Blood sample collection and serum preparation
After the last day of treatment all animals were eutha-
nized using sodium pentobarbitone injected intraperi-
toneally [13] and 5  ml of blood was collected through 
cardiac puncture into heparinized sample bottles for 
hematological analysis. The other portion of blood sam-
ple collected into specimen bottles and allowed to clot, 
and separated by centrifugation at 2000g for 10 min using 
Centrifuge Hettich (Universal 32, Made in Germany). 
The supernatant obtained was used for the determination 
of erythrocyte osmotic fragility test.

Determination of serum total protein, albumin, globulin 
and albumin‑globulin ratio
The serum total protein was determined using a 
 Eurochem® total protein test kit according to the manu-
facturer’s recommendations [16]. Serum albumin which 
quantitatively binds bromocresol green (BCG) to form 
an albumin-BCG complex was measured as an endpoint 
reaction at 596 nm [11]. Globulin was obtained by sub-
tracting the albumin from the total protein and the albu-
min-globulin ratio was obtained subsequently.

Determination of hematological parameters
These were determined using an automated analyzer 
using the manufacturer’s manual [17]. Parameters of 
interest were red blood cells (RBC) counts, white blood 
cells (WBC) counts, haemoglobin (Hb) concentration, 
packed cell volume (PCV), mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH) and mean 
corpuscular hemoglobin concentration (MCHC).

Data analysis
Data was tested for normalcy and parametric tests were 
conducted using Graph Pad Prism Version 6 and infor-
mation was presented as figures and a Table. ANOVA 
test was done and Tukey’s test was used to determine 
sources of variation and significant differences (P < 0.05) 
were indicated with different superscripts i.e. letters a 
and b.

Results
Lycopene improves on hematolgoical indices during diabetes 
mellitus
Lycopene administration was associated with a significant 
increase in the packed cell volume, hemoglobin levels, 
and red blood cell counts (Fig. 1a–c) while no significant 
differences were seen in the mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH) and mean 
corpuscular hemoglobin concentration (MCHC). There 
were no significant effects in lycopene activity at higher 
concentrations demonstrating that effects observed are 
dose independent as shown in Table 1.

Lycopene improves on the immune status in diabetic rats
Lycopene administration was associated with an increase 
in white blood cells and lymphocyte counts (Fig.  2a, 
b), however, a decrease in neutrophils was observed 
although no significant differences were observed 
(Fig.  2c). Lycopene was also associated with significant 
decrease in neutrophil–lymphocyte ratio and platelet 
counts (Fig. 2d, e). Furthermore, Lycopene was associated 
with significant increase in blood total protein and glob-
ulin levels (Fig. 2g, i) however, no significant differences 
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were found in the blood albumin levels and fragility tests 
(Fig. 2h, f ).

Fragility test non‑liner regression
The study showed that the effective concentration 
which had effects on 50% RBC activity was found to be 
0.38, 0.44, 0.41, 0.39, 0.37 units for normal + olive oil, 
DM + olive oil, 10 mg, 20 mg, 40 mg lycopene and com-
parative control demonstrating the safety of concentra-
tions used in the study. Significant differences in normal 
and DM with olive oil against the comparative control for 
albumin. No significant differences in DM + olive oil and 
comparative control on globulin levels (P = 0.3498).

Discussion
The study demonstrated that Lycopene had anti-anemic 
effects (Fig. 1) demonstrating its importance in the man-
agement of anemia associated with diabetes  mellitus 
(Additional file 1: Figure S1). This is important since little 
is known about the role of carotenoids on hematological 

indices [1, 2] and in  this study, Lycopene could upregu-
lates erythropoiesis which is associated with the matura-
tion factor [3]. In addition, the strong hematoprotective 
effects of Lycopene (Fig.  1) strengthen its therapeutical 
effects observed in diabetes and in pancreatic protec-
tion [7]. This is important since the conventional drug 
metformin interferes with vitamin B12 absorption [4], 
demonstrating its relevance in integrative and alternative 
medicine. No changes in the mean corpuscular volume, 
mean corpuscular hemoglobin, mean corpuscular hemo-
globin concentration (Table 1), demonstrating the safety 
of Lycopene at varying concentrations on blood. In dia-
betes, these hematological indices are often high [8], thus 
the use of Lycopene in integrative medicine would help 
lessen side effects and toxicities associated with conven-
tional therapies in diabetes.

In the body, white blood cells play a crucial role in 
immunity, thus an increase in WBC and lymphocyte 
counts (Fig.  2a, b) improves on the immune status of 
diabetic rats and makes them more resilient against 

Fig. 1 Changes in hematological indices following Lycopene administration in male Wistar rats. a Packed cell volume (PCV), b Hb concentration, 
C Red blood cell count (RBCs), d Mean corpuscular volume (MCV), e Mean corpuscular hemoglobin count (MCHC) and f Mean corpuscular 
hemoglobin concentration (MCHC). Since anemia is defined by a significant decrease in PVC, RBCs, and MCV, these acted as markers for anemia in 
the experimental animals
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opportunistic infections. Since these observations were 
dose independent in Lycopene, the strong antioxidant 
activity would be responsible for a favorable immune 
response as is common with many vegetables and fruits 
due to their high carotenoid content [6]. A decrease in 
neutrophil levels showed that no major inflammatory 
processes were ongoing in diabetic rats thus revalidat-
ing the therapeutical potential of Lycopene in diabetes. 
A significantly low neutrophil–lymphocyte ratio and 
platelet counts showed that the risk of liver and pan-
creas damage associated with diabetes was minimal [7]. 

In diabetes, differences in beta and gamma globulins 
and low albumin levels have been reported [11, 12] and 
the ability of Lycopene to maintain these within normal 
ranges demonstrated its  therapeutical advantages in 
alternative and complimentary medicine.

Limitations
The study worked on basic markers hematological 
parameters thus a follow study on iron content, fer-
ritin levels, erythropoietin, secondary messengers, 

Fig. 2 Changes in immunological parameters following Lycopene administration in male Wistar rats. a White blood cell counts (WBCs), b 
Lymphocyte count, c Neutrophil counts, d Neutrophillymphocyte ratio, e Platelet count, f Red blood cell fragility test, g Total protein, h blood 
albumin, I globulin content. The immunological activity was reflected by changes in neutrophils, WBCs, and lymphocytes and in diabetes mellitus, 
these were relatively suppressed. The lymphocyte ratio demonstrated that DM was characterized with significantly elevated neutrophil counts 
(d) and this was associated with an elevated platelet count. A low total protein count (g) was due to significantly low globulin levels (I) while RBC 
fragility was lowest in the healthy rats and highest in the diabetic groups
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antioxidant status, inflammatory cytokines would offer 
a clearer insight on the molecular mechanism of Lyco-
pene activity in diabetes. In this study we offer basic 
information on the use of natural products rich in Lyco-
pene in alternative medicine, however, effects of Lyco-
pene in several body organs remains to be established.

Supplementary information
Supplementary information accompanies this paper at https ://doi.
org/10.1186/s1310 4-019-4841-8.

Additional file 1: Figure S1. Changes in blood glucose and insulin levels 
during the experimental period.
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