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Lycopene and Phycocyanin - biological properties in experimental diabetes:
1. Effects on blood parameters and liver carbohydrates
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SUMMARY. Type 2 diabetes is one of the fastest rising metabolic diseases
of our time, mainly due to an unhealthy lifestyle, diet and lack of exercise.
While medical treatment does indeed exist and the quality of life is improved
under medication, one must take into account that the predominant geographical
areas in which diabetes is on the rise are underdeveloped and as such, access to
modern medicine may be hindered. The purpose of our study was to confirm the
hypoglycemic and antioxidant effects of two biomolecules in the pathology of
diabetes. For this study we used 40 albino male Wistar rats, divided into four groups.
The control group (C) received a normal diet and tap water. The untreated diabetic
group (D) was intravenously injected with a dose of 50mg/kg streptozotocin after a
12 hour fasting period and given a normal diet and water. Diabetes was induced in
the same way for the two treated groups, with their diets being supplemented with
10 mg/kg lycopene (DL group) and an equivalent of 200 mg/kg phycocyanin in
the form of Arthrospira powder (DS group). Blood was drawn every 7 days do
determine glycemic status and after 14 days the animals were killed under anesthesia,
with blood and liver being collected for morphological and biochemical analysis.
Blood glucose significantly dropped in the DL group on the 7" day of treatment,
with both treatments reducing fasting blood sugar to normal levels on the 14" day.
Hepatic glucose was normalized in both DL and DS groups without any significant
change in glycogen concentrations. RBC counts revealed a tendency of the erythrocytes
to increase in numbers in the treated groups and lycopene appears to restore WBC
numbers to normal levels. Taking into account these results, it can be said that both
biomolecules have a potent hypoglycemic effect in diabetic hyperglycemia, while
also improving carbohydrate metabolism in the liver. Lycopene seems to be the
more effective antioxidant of the two, preventing oxidative-induced hemolysis of
the red blood cells and restoring normal PCV and hemoglobin levels.
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Introduction

Diabetes is probably the most common metabolic disease of our time, with
the number of patients diagnosed having skyrocketed to 422 million in 2014 from
108 million in 1980 (World Health Organization, 2016). Statistics like these, and
the fact that the most significant rise in the number of diagnosed patients occurs in
underdeveloped areas of the world, motivate the search for cheap and effective diet
supplements that can act as adjuvants in diabetes therapy.

Lycopene is a carotenoid that naturally occurs in red fruit and vegetables,
where its main role is that of photoprotection. Recently, lycopene has been investigated
for its antioxidant effect in cardiovascular disease (Arab and Steck, 2000) and especially
cancer (Basu and Imrhan, 2007; Luo and Wu, 2011). As a therapeutic agent against
diabetes, lycopene has proven to lower blood sugar levels (Bayramoglu et al., 2013;
Guo ef al., 2015) as well as stimulate and complement the antioxidant systems (Ali and
Agha, 2009).

Phycocyanin is the main proteic compound in cyanobacteria such as Arthrospira
platensis contributing to approximately 15-40% of their dried biomass. Structurally,
it resembles bilirubin thus hinting towards its antioxidant capacity, especially considering
protein and lipid oxidation. As an adjuvant therapeutic agent in diabetes, it was tested
amongst others by Zhou et al. in 2005, who noticed a decrease in blood sugar
concentrations and improved oxidative status.

Testing both compounds and observing which parameters they do or do not
alter, one can draw conclusions as to how and at what level they function, considering
their complex metabolism is not yet fully understood. Another possible conclusion
arising from such studies could lead to complex supplement formulations that contain
different biomolecules capable of complementing each other.

This study is part of a systemic study that also took into account the therapeutic
effects of lycopene and phycocyanin on the liver, brain, kidney and pancreas of diabetic
rats.

Materials and methods

All reagents used in this study were of analytical grade and were purchased
from Sigma-Aldrich Chemie GmbH, Germany, Nordic Invest S.R.L., Romania and
S.C. BioZyme S.R.L, Romania. Lycopene was from Konig Laboratorium, Canada,
and Arthrospira poweder was from Adams Vision, Romania.

The experimental model consisted of 40 adult male Wistar rats distributed
into four groups as follows: a control group (C, n=10), an untreated diabetic group
(D, n=10), a diabetic group treated with lycopene 10 mg/kg (DL, n=10) and a diabetic
group treated with Arthrospira powder 200 mg/kg (DS, n=10). Three days before
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the treatment, diabetes was induced by a single dose of intravenously administered
streptozotocin (50 mg/kg dissolved in ice cold 10 mM citrate buffer) in 3 of the groups
(D, DL and DS). All the animals had ad /ibitum access to tap water and were fed a
standard diet (S.C. Siamond Prod. S.R.L., Cluj Napoca, Romania) according to
their weight, with the DL and DS groups having their diets supplemented with the
aforementioned doses of lycopene and Arthrospira powder (AP) respectively.

The animals were sacrificed by exsanguination under anesthesia 14 days after the
confirming their diabetic status. For the purpose of this experiment, blood samples
were harvested by retro orbital bleeding at the start of the treatment and seven days
into the treatment as well as blood and liver samples on the 14™ day for the following
biochemical and morphological analysis: RBC, WBC, PCV, hemoglobin, blood glucose
and liver glucose and glycogen.

Blood and liver glucose concentrations were measured using the Somogy-Nelson
method (Nelson, 1944). Glycogen concentration was determined by the Montgomery
method (1957) modified by Lo et al. (1970). Hemoglobin concentration was measured
using the Drabkin assay (1935). RBC and WBC were counted in a Thoma counting
chamber and a Burker-Turk counting chamber respectively. PCV was measured
using centrifuged glass capillaries filled with blood. Eosin — hematoxylin staining
was used on fresh blood smears to determine the differential WBC count.

Results were analyzed using the two tailed ¢ test and considered statistically
significant at p < 0.05.

Results and discussion

This study was conducted in an effort to establish the therapeutic effect that
natural supplements have in the case of experimental diabetes in adult male rats.
Both compounds were investigated for their capacity to reduce blood sugar and to
prevent oxidative stress.

Blood glucose was measured three times during the experiment to establish
the way in which the two supplements affect diabetes-induced hyperglycemia. The
results (Table 1, Fig. 1) confirm literature data concerning the hypoglycemic effect
lycopene has (Bayramoglu et al., 2013; Ip et al., 2013; Guo et al., 2015), shedding
light on how fast it acts to reduce blood glucose. Compared to AP, lycopene acts
faster, reducing the blood sugar levels below the diabetes diagnostic threshold.
However, even though AP acts slower, it proves to be a more potent hypoglycemic
agent with similar results being obtained by Layam and Reddy, 2006. These results
correlate with measurements obtained from the tissue, where glucose concentration
in the DL and DS groups dropped to normal levels (Table 1, Fig. 2a).
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Considering these two supplements have complex metabolic pathways that
are in no way similar to each other, a plausible explanation to their action is that
they can, at least partially, restore normal function in the pancreas and thus insulin
signaling.

Table 1.

Effects of lycopene and Arthrospira powder on blood sugar, hepatic tissue
glucose and glycogen concentrations in diabetic Wistar rats

Parameter Control D DL DS
Blood glucose concentration day 0 484.19 £37.2 432.57+40.42 395.23 +23.93
(mg/dL) 123.72+ 104 sk o -

. 346.63 £

Blood glucose concentration day 7 12372 4 104 1787 135.97 +29.48 280.92 +20.42
(mg/dL) ’ . . e *
Blood glucose concentration day 14 11727+ 901 210.39 + 70.54+842 59.07+8.17
(mg/dL) ’ ’ 41.81 ek dedede s
Hepatic tissue glucose concentration 114+ 028 9.79+£273 2.84+044 2.15+0.73
(mg/g tissue) ’ ’ oK * ok *

Hepatic glycogen concentration ) /o (05 (591008 0514010 056+0.13
(mg/g tissue)

D — untreated diabetic; DL — diabetic treated with lycopene; DS — diabetic treated with Arthrospira
(Spirulina) powder containing phycocyanin; Results are expressed as mean + SE. Comparisons made:
black — vs Control group; red — vs D group; * - p<0.05; ** - p<0.01; *** - p<0.001
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Figure 1. Effects of lycopene and Arthrospira powder on the concentration of blood glucose.
The results are expressed as mean + SE. Comparisons made: black - vs Control group;
red - vs D group; * - p<0.05; ** - p<0.01; *** - p<0.001
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A recent study has tried to explain the hypoglycemic effects of AP by its capacity
to intervene in the pentose phosphate pathway and increase the activity of hexokinase by
modulating the NADPH/NADP" ratio (Farouk et al., 2013). Evidence of lycopene
playing a role in glucose metabolism has emerged in 2016 when Eze et al. discovered
that it can activate and stimulate glucokinase in the absence of insulin signaling.
Interestingly, glycogen concentrations appear to not have been affected (Table 1,
Fig. 2b).
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Figure 2. Effects of lycopene and Arthrospira powder on the concentration of hepatic
glucose (a) and hepatic glycogen (b). The results are expressed as mean + SE.

Morphological aspects of the blood (RBC, WBC, PCV) seem to have a
tendency to normalize in the treated groups, especially in DL.

Lycopene has the intrinsic capacity to neutralize reactive oxygen species (ROS)
in the plasma as described by Holzapfel et al. in 2013 as well as to prevent ROS-
induced hemolysis in vitro (Chiste et al., 2014) thus explaining the increase in RBC and
consequently in PCV and the concentration of hemoglobin (Table 2, Figs. 3 a,c,d).
The effect of AP on these parameters is not as potent, with only a slight statistically
significant increase in RBC (Fig. 3a) and a tendency of the hemoglobin concentration to
increase (Fig. 3c) probably due to the high concentration of bioavailable iron ion (Fe*")
in AP (Khan et al., 2005). Similar results were obtained by Romay and Gonzalez in
2010 on cultured human erythrocytes.

WBC counting data reveals that of the two supplements only lycopene acted as
an immunostimulant by restoring leukocyte numbers to normal levels (Table 2, Fig. 3b).
Lycopene has been proven to stimulate the secretion of cytokines (Luo and Wu, 2011)
and consequently stimulate the proliferation of leukocytes. AP appears to have no effect on
WBC numbers in the blood of diabetic rats, despite sources claiming it should (Miladiu
et al., 2004).
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Figure 3. Effects of lycopene and Arthrospira powder on the number of red blood cells
(a), white blood cells (b), the concentration of hemoglobin (c) and the packed
cell volume (d). The results are expressed as mean = SE.

The differential WBC count (Table 2, Figure 4) reveals a drop in the percentage
number of lymphocytes in the untreated diabetic group as well as a normalization
in the DL group and what appears to be an overstimulation of the lymphoid progenitor
in the DS group. Even though the exact mechanism of phycocyanin activation of
lymphocytes is unknown, data concerning is capacity to activate and modulate
lymphocytes towards NHEJ DNA repair has been published recently (Stankova et al.,
2011). Phycocyanin does seem to be a more potent inhibitor of the hyperglycemia-
induced hyperactivation of neutrophils (Xiu ef al., 2014) thus preventing neutrophil
degranulation and oxidative burn. Lycopene lowered the number of neutrophils but in a
lesser degree. Neither compound appears to have any effect on monocyte or eosinophil
numbers in the DL and DS groups when comparing them to the untreated group.
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Figure 4. Effects of lycopene and Arthrospira powder on the differential WBC count.
The results are expressed as mean + SE.

Table 2.
Effects of lycopene and Arthrospira powder on morphological and
biochemical parameters in the blood of diabetic Wistar rats
Parameter Control D DL DS
RBC 83+£026 4.72+0.15 5.68+0.21 5.44+0.26
(X 106/mm3) ek Tk kk k% %
Hemoglobin concentration 16 14 559 14624144 1841+1.62 1599+ 1.55
(mg/dL)
PCV 48.12+143 36.51+1.66 4491+241 3333+4.77
(%) fh% *
WBC 7.34£0.41 344+£02 6.19+0.34 3.93+£0.43
(x 10%mm?®) s . .
% Lymphocytes 5626 £2.81 4829+4.17 63.83+£344 81.83+2.03
sskok sk skeskok
% Neutrophils 323+2.64 50.08+3.01 31.69+3.63 14.62+1.38
kkk kkk kkk
% Monocytes 5.65+0.59 2.83+0.37 3+0.34 2.63 +0.65
k% k% k%
% Eosinophils 5.09+0.85 046+0.15 0.62+0.25 0.47+0.22
k% k% k%
% Basophils 0 0 0 0

RBC - red blood cells; WBC — white blood cells; PCV — packed cell volume; D — untreated diabetic;
DL — diabetic treated with lycopene; DS — diabetic treated with Arthrospira powder; The results are

expressed as mean + SE.
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Conclusions

Both supplements had an impressive capacity to lower blood sugar concentrations
in rats affected by experimental diabetes. While lycopene is a faster acting hypoglycemic
agent, Arthrospira powder proved to be more potent in the end. The supplements
seem to facilitate the internalization of glucose into the liver and stimulate glycolysis
even in the absence of insulin signaling. In regards to oxidative stress, lycopene was
superior to AP in almost all categories, managing to normalize to an extend all the
parameters we have tested. Besides being a powerful antioxidant, lycopene also seems to
be a potent modulator of the immune response, whereas AP did show promise in the
well established process of hyperglycemia induced hyperactivation of neutrophils.

These results, we hope, validate the status of both supplements as hypoglycemic
agents, and antioxidant in the case of lycopene.
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