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ABSTRACT

Spirulina, with its high concentration of functional nutrients, is emerging as an important
therapeutic food. This study aimed to evaluate the hypoglycemic and hypolipidemic role of
Spirulina. Twenty-five subjects with type 2 diabetes mellitus were randomly assigned to re-
ceive Spirulina (study group) or to form the control group. At baseline, the control and study
groups were matched for various variables. The efficacy of Spirulina supplementation (2 g/day
for 2 months) was determined using the preintervention and postintervention blood glucose
levels, glycosylated hemoglobin (HbA,;J) levels, and lipid profiles of the diabetic subjects.
Two-month supplementation with Spirulina resulted in an appreciable lowering of fasting
blood glucose and postprandial blood glucose levels. A significant reduction in the HbA;,
level was also observed, indicating improved long-term glucose regulation. With regard to
lipids, triglyceride levels were significantly lowered. Total cholesterol (TC) and its fraction,
low-density lipoprotein cholesterol (LDL-C), exhibited a fall coupled with a marginal increase
in the level of high-density lipoprotein cholesterol (HDL-C). As a result, a significant reduc-
tion in the atherogenic indices, TC:HDL-C and LDL-C: HDL-C, was observed. The level of
apolipoprotein B registered a significant fall together with a significant increment in the level
of apolipoprotein Al. Therefore, a significant and favorable increase in the ratio of A1:B was
also noted. These findings suggest the beneficial effect of Spirulina supplementation in con-
trolling blood glucose levels and in improving the lipid profile of subjects with type 2 dia-
betes mellitus.

INTRODUCTION

HE CLINICAL EXPRESSION of absolute or rela-

tive insulin deficiency, diabetes mellitus is
manifested in its fully developed form by hy-
perglycemia.! Epidemiological and prospec-
tive studies in non-insulin-dependent diabetes
mellitus (type 2 diabetes) have suggested a re-
lationship between hyperglycemia or the de-
gree of metabolic control and the pathophysi-
ology and risk of coronary heart disease.>* For
each increase of 1% in glycosylated hemoglo-

bin (HbA ) concentration, the risk of coronary
heart disease increases by 11%.%>
Hyperglycemia and insulin resistance affect
each lipid and lipoprotein fraction.®® Lipid ab-
normality exists in 30% of diabetic patients and
is presumed to be responsible for the increased
risk of macrovascular disease in patients with
diabetes mellitus.*® The common pattern of
lipoprotein abnormalities found in type 2 dia-
betes mellitus consists of an increase in very-
low-density lipoprotein cholesterol (VLDL-C),
an increase in low-density lipoprotein choles-
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terol (LDL-C) that is more prominent with
worsening metabolic control, and a decrease in
high-density lipoprotein cholesterol (HDL-
C).& 11 Hypertriglyceridemia often is rather
modest but seems to be an independent risk
factor for the development of macrovascular
disease.®?

Normalization of blood sugar levels and im-
provements in dyslipidemia form the corner-
stone of effective therapy for diabetes manage-
ment. Adequate metabolic control is best
achieved with appropriate dietary interven-
tion. Spirulina, a genus of blue-green algae, with
high concentrations of functional nutrients, is
a subject of extensive research interest. Spir-
ulina is a rich source of protein, containing
more than 60% digestible vegetable protein. It
also has high concentrations of SB-carotene, vi-
tamin By, (mainly pseudo-B15), iron, trace min-
erals, and the essential fatty acid, y-linolenic
acid. These make Spirulina a good whole food
alternative to isolated vitamin and minerals.
With its multiple nutritional properties, Spir-
ulina may be used as a therapeutic supplement
for the management of various nutritional and
metabolic disorders.!213

Earlier work from this laboratory involved
studying the effect of Spirulina supplementa-
tion on the glycemic indices of foods and in
subjects with type 2 diabetes. The results indi-
cated a significantly lower 2-hour postprandial
glycemic and lipemic response to the recipes
supplemented with Spirulina (at the 25 g
level).}415 In another study, Spirulina supple-
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mentation (2 g/day for 21 days) resulted in a
significant reduction in fasting blood sugar
concentration and improvement in the lipid
profile of subjects with type 2 diabetes.'®

These preliminary findings suggested the
hypoglycemic and hypolipidemic properties of
Spirulina. The present study was designed to
study the effect of Spirulina supplementation
on the fasting and postprandial blood sugar
levels and on the long-term indicator of
glycemic control, HbA;.. The efficacy of Spir-
ulina supplementation on lipid and lipoprotein
levels was also evaluated.

MATERIALS AND METHODS

Subjects

Of the 25 type 2 diabetic subjects enrolled for
the study, 15 subjects (9 men and 6 women)
were randomly allocated to the study group for
supplementation with Spirulina. The mean age
of the subjects in the study group was 67.2 =
11.5 years, and the duration of disease was
12.9 £ 5.5 years. The control group comprised
10 subjects with type 2 diabetes (6 men and 4
women) matched for age, duration of disease,
body mass index, waist-to-hip ratio, blood glu-
cose level, and blood lipid levels with the study
group. Clinical characteristics of the subjects
are given in Table 1. None of the subjects had
diabetic complications, and none were receiv-
ing treatment with lipid-lowering drugs.

CuinicaL DaTa (MEAN * SD) oF TyPE 2 DIABETIC

PATIENTS IN THE CONTROL AND STUDY GROUPS

Parameter Control group (n = 10) Study group (n = 15)
No. men/women 6/4 9/6
Age (yr) 54.6 + 54 53.8 72
Weight (kg) 67.1 £ 13.1 67.2 * 11.5
Body mass index (kg/m?) 251 +27 252 £ 54
Waist circumference (cm) 96.8 + 11.8 994 + 18.8
Waist-to-hip ratio 0.94 = 0.11 0.95 = 0.13
Duration of disease (yr) 12.6 + 4.2 129 = 55
Fasting blood glucose (mg %) 164.3 * 59.4 161.7 + 48.6
Total cholesterol (mg %) 201.8 = 325 201.3 £ 27.0
Triglyceride (mg %) 155.6 % 46.6 163.9 * 55.2

Treatment

Oral hypoglycemic agents

aQral hypoglycemic agents: Glide, Glynase, Glyciphage, Diamicron
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Supplementation

Spirulina (Sunova Spirulina, Sanat Products
Ltd., Sikandrabad, India) supplementation at 2
g/day for 2 months was done in the study
group. The patients were asked to take two
tablets along with lunch and two tablets with
dinner. The typical nutrition profile of Spirulina
is given in Table 2. Subjects were asked to
maintain their habitual diet, medication regi-
men, and level of physical activity throughout
the study period.

Assay methods

A venous blood sample was collected after
an overnight fast before the study and after a
period of 2 months for both the control and
the study groups. The blood sample collected
with fluoride and ethylenediamine tetraacetic
acid (EDTA) preservatives was used for
analysis of blood glucose and glycosylated
hemoglobin (HbA;.). The serum was used for
the estimation of lipid profile. Blood glucose
was estimated using a Bayer diagnostic kit
(Bayer, Gujarat, India). The HbA ;. levels were
determined by the variant hemoglobin A,
program through the high performance lig-
uid chromatography technique.!” Randox di-

TABLE 2.  SPIRULINA®—TYPICAL NUTRITION PROFILE

Amount per  Amount per
Nutrients 100 g 2g
Moisture, g 7.0 0.14
Ash, g 9.0 0.18
Protein, g 710 142
Crude fiber, g 0.9 0.018
Xanthophylls, mg 180.0 3.6
Carotene, mg 190.0 3.8
Chlorophyll, mg 760.0 15.2
Thiamine (B,), mg 55 0.11
Riboflavin (B;), mg 4.0 0.08
Nicotinic acid, mg 11.8 0.236
Inositol, mg 35.0 0.7
Pyridoxine (Bg), mg 0.3 0.006
Cyanocobalamine (B)2), mg 0.2 0.004
Tocopherol, mg 19.0 0.38
Biotin, g 0.04 0.0008
y-linolenic acid, g 13 0.026
Calcium, mg 132.0 2.64
Phosphorous, mg 894.0 17.88
Iron, mg 58.0 116
Zinc, mg 39 0.078

3Sunova Spirulina, Sanat Products Ltd., Sikandrabad,
India.
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agnostic kits procured from Randox Labora-
tories Ltd., Antrim, United Kingdom were
used to estimate total cholesterol (TC) and
HDL-C (direct method). LDL-C and VLDL-C
levels were obtained by calculation. Apolipo-
proteins (apo) Al and B were measured on
the Array Protein Systems (Beckman Instru-
ments, Brea, California) following the princi-
ple of antigen-antibody reaction by rate neph-
elometry. Triglyceride estimations were made
with the use of the Randox diagnostic kits.

Statistical analysis

Results are expressed as mean * standard
deviation. Analysis of differences between the
means (within groups) was performed using a
paired t test. All tests were considered signifi-
cant at the P < .05 level.

RESULTS

Patient characteristics

Table 1 shows the main baseline characteris-
tics of the subjects. There were no significant
differences in clinical characteristics between
the two groups, indicating that the groups were
well matched.

Changes in blood glucose levels

The blood glucose levels of the subjects in the
control group exhibited a trend contrary to that
of the study group. The fasting blood glucose
levels of the subjects in the control group re-
mained unaltered during the intervention
period, and the 2-hour postprandial blood
glucose levels were marginally decreased.
Moreover, no change was noted in the HbA,
levels of the control group. In contrast, a 19.3
mg reduction in fasting blood glucose and a
16.1 mg reduction in 2-hour postprandial blood
glucose were observed in the study group. The
significant lowering of HbA . levels (1.0%, P <
.05) compared with baseline concentrations in
the study group further supported these re-
sults. Blood glucose values and HbA levels of
the control and the study groups are given in
Tables 3 and 4.
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TaBLE 3. BLoob GLucosk Leviis (Mian = SD, mg/dl) oF TyrE 2 Diasemic
PATIENTS IN THE CONTROL AND STUDY GROUPS

Patient group

Fasting blood glucose concentration

2-Hour postprandial blood glucose concentration

Control group (n = 10)

Baseline 164.3 *+ 594

2 Months 165.1 = 44.3
Study group (n = 15)

Baseline 161.7 = 48.6

2 Months 1424 + 274

2152 = 67.3
2123 £ 576

2649 * 65.2
248.8 *+ 68.9

Changes in lipid profile

Two-month Spirulina supplementation re-
sulted in an appreciable reduction in the levels
of TC (6.4 mg) and LDL-C (7.1 mg) in the study
group. Also, a marginal increase of 1.4% in the
HDL-C level was noted. These favorable alter-
ations in the lipid profile resulted in a significant
reduction (P < .05) in the levels of the athero-
genic indices (i.e., TC:HDL-C and LDL-C:HDL-
C ratios) in the study group. A significant re-
duction was noticed in the level of apo B (16.1
mg, P < .001), coupled with a significant increase
(114 mg, P < .05) in the level of apo Al. Con-
comitantly, a significant increment (P <.01) in
the apo A1:B ratio was also observed. The triglyc-
eride levels of the study group also registered a
significant fall (21.3 mg, P < .05), suggesting a
beneficial effect of Spirulina.

A contrary trend was observed in the lipid
profile of the control group, with increases in
the triglyceride, TC, and VLDL-C concentra-
tions (17.5 mg, 13.2 mg, and 3.5 mg, respec-
tively). Moreover, the LDL-C level of the con-
trol group exhibited a significant increase (9.4
mg, P < .05). Coupled with a reduction in the
level of HDL-C (1.7 mg), these changes caused
appreciable increases in the TC:HDL-C and

LDL-C:HDL-C ratios, further tilting the lipid
profile to the unfavorable. A significant in-
crease (18.8%, P < .05) in the apo B level of the
control group was also observed, along with a
marginal reduction (8.1 mg) in the apo Al level.
As a result, the ratio of apo Al:B was signifi-
cantly lowered (P < .05). A summary of the
lipid levels of the control and study groups is
presented in Table 5.

DISCUSSION

Hyperglycemia, the characteristic manifesta-
tion of diabetes mellitus, is a cardiovascular risk
factor possibly because of the nonenzymatic gly-
cosylation of proteins and lipoproteins, which
may increase their atherogenic potential 31820 A
two to three times higher risk for coronary heart
disease and a four to six times greater cardio-
vascular mortality rate is seen in diabetic pa-
tients.#8 Recently, the role of postprandial “hy-
perglycemic spikes” in the pathophysiology of
diabetic complications has been reviewed.??
Various studies have demonstrated that, apart
from fasting hyperglycemia, 2-hour postpran-
dial hyperglycemia plays an important role in

TasLe 4. GrycosyLaTeD HEmocLosin (HbA1C) LEvELs (MEAN * SD, %)
oF Type 2 DiaBeric PATIENTS IN THE CONTROL AND STUDY GROUPS

Mean blood glucose concentration

Patient group HbA concentration (mg/dl)
Control group (n = 10)
Baseline 8715 206.7 = 51.4
2 Months 87=+13 202.4 = 44.0
Study group (n = 15)
Baseline 9.0=x23 216.0 = 56.8
2 Months 80 = 1.3 181.1 + 44.8°

aGignificantly different from baseline at p < .05.
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TasLe 5. Lipip ProFiLE (MEAN * SD, mg/dl) of Tyre 2 Diasetic PATIENTS IN THE CONTROL AND STUDY GROUPS

Control group (n = 10)

Study group (n = 15)

Parameter Baseline 2 Months Baseline 2 Months

Triglyceride 155.6 % 46.6 173.1 = 61.1 163.9 = 55.2 142.6 * 55.82
TC 2018 £ 325 215.0 £ 28,5 2013 = 270 1949 = 246
HDL-C 429 + 6.2 412 + 4.6 379+ 7.7 393 91

LDL-C 127.8 % 28.0 137.2 + 23.22 128.5 = 23.1 1214 = 207
VLDL-C 311 * 16.8 34.6 * 10.0 34.9 = 14.0 341 179
Apo Al 126.3 = 18.1 118.2 = 21.0 1234 + 173 1348 + 2582
Apo B 1113 % 19.0 130.1 = 16.6% 122.1 + 225 106.0 = 19.8¢
TC: HDL-C 43 =09 48 = 1.1 5410 50 £ 1.0°
LDL-C: HDL-C 26 =08 31 =09 35 =08 29 05
Apo Al:B 1.2 =03 1.0 = 022 1.2 £ 0.5 1.3 = 05b

aSignificantly different from baseline at P < .05.
bSignificantly different from baseline at P < .01.
“Significantly different from baseline at P < .001.

the development of coronary heart disease.?1"2
Appropriate control of blood glucose, both fast-
ing and postprandial, is therefore important in
subjects with diabetes mellitus.

In the present study, Spirulina supplementa-
tion of 2 g/day for 2 months resulted in a
prominent but nonsignificant lowering of not
only the fasting but also the postprandial glu-
cose level. Various theories validating the hy-
poglycemic effect of Spirulina have been pro-
posed. One theory attributed this effect to its
fiber content, which leads to reduced glucose
absorption.’? Another theory suggested the
possible action of peptides and polypeptides
generated by the digestion of Spirulina pro-
teins.12 Spirulina is a rich source of proteins, and
it provides good-quality proteins. It is well es-
tablished that both protein and amino-acid in-
gestion stimulate insulin secretion. This effect
may be responsible for a reduction in post-
prandial blood sugar levels.}4-16:24

This study also demonstrated a significant
reduction in HbA . in diabetic subjects. HbA .
provides a means to objectively assess average
glycemia in a diabetic patient; this is an inte-
grated index of blood sugar levels over the past
2 to 3 months.?> The reduction in HbA. level
of the diabetic subjects in this study therefore
indicates an improved long-term glycemic con-
trol. Consequently, it can be suggested that the
hypoglycemic effect of Spirulina is a physio-
logical event and not a transient one.

The y-linolenic acid content of Spirulina may

contribute to its hypocholesterolemic effect.
Spirulina is a natural whole food source of -
linolenic acid.!?22627 y-Linolenic acid is an es-
sential fatty acid that may play a role in the pre-
vention of fats and cholesterol in the human
body, thereby reducing the serum cholesterol
level.1226-22  The significant reduction in
triglyceride level could be attributed to de-
creased VLDL triglyceride production and in-
creased peripheral clearance of VLDL due to
the high protein and fiber content of Spirulina.
Apart from all this, the beneficial roles of an-
tioxidants and superoxide dismutase cannot be
ruled out. The lipid changes observed included
a nonsignificant increase in the HDL-C level
coupled with appreciable lowering of the TC
and LDL-C levels after 2 months of Spirufina
supplementation. A resultant significant low-
ering in the atherogenic indices of TC:HDL-C
and LDL-C:HDL-C was consequently noted.>
Such changes in lipid levels have been associ-
ated with a lower incidence of coronary heart
disease.?!

Because apo Al and B are the major protein
components of HDL-C and LDL-C, respec-
tively, they have been most frequently investi-
gated as quantitative risk factors of coronary
heart disease. Apo Al and B measurements are
used both independently and as a ratio to as-
sess the risk of coronary heart disease. Studies
have demonstrated that the changes as ob-
served in this study with Spirulina supplemen-
tation (i.e., a highly significant reduction in apo
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B and a significant increment in apo Al caus-
ing a significant increase of the Al:B ratio) are
well correlated with a lower incidence of coro-
nary heart disease.?? Furthermore, because apo
B is independently associated with cardiovas-
cular disease and identifies high-risk pheno-
types in normocholesterolemic type 2 diabetic
patients,® the 16.1 mg reduction induced by
Spirulina is noteworthy.

In conclusion, Spirulina supplementation
may play a beneficial role in improving long-
term glycemic control and in favorably altering
lipid profiles in the type 2 diabetic patients.
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