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Abstract
	 Diabetes mellitus is a metabolic disorder characterized by hyperglycemia, hy-
perlipidemia, hyper aminoacidemia, and hypoinsulinemia that leads to a reduction in 
both insulin secretion and insulin action. 
	 The combination of Spirulina and Morinda citrifolia as functional supple-
ments are emerging as important therapeutic food. This preliminary study was aimed 
to evaluate the hypoglycaemic and hypolipidemic effects of combining Spirulina and 
Morinda citrifolia to subjects with type 1 diabetes mellitus using a daily dose of 4g/
weight/day tablets for 4 months of Spirulina and 40ml/day for Morinda citrifolia juice 
with standard insulin treatment in comparison with diabetic subjects receiving type 1 
standard diabetes treatment, insulin injections only.
	 Pre-intervention and post intervention fasting blood glucose levels, glyco-
sylated haemoglobin (HbA1c) levels, and low-density lipoprotein (LDL) serum levels 
of the diabetic subjects were measured. Four months supplementation of combined 
Spirulina and Morinda citrifolia resulted in an appreciable lowering of fasting blood 
glucose blood serum levels. A significant reduction in the HbA1c level was also ob-
served, indicating improved long-term glucose regulation. 
	 These findings suggest the beneficial effect of combining Spirulina with Mo-
rinda citrifolia supplements in controlling blood glucose levels and in improving com-
ponents of the lipid profile of Omani subjects with type 1 diabetes mellitus.
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Introduction

	 Diabetes mellitus is a group of metabolic diseases char-
acterized by hyperglycemia resulting from defects in insulin se-
cretion, insulin action, or both. There are two types of diabetes, 
which are namely the type 1 (insulin-dependent diabetes) where 
the body does not produce insulin and type 2 (insulin-indepen-
dent diabetes) where the body does not produce enough insulin. 
Approximately 90% of all cases of diabetes worldwide are type 
2[1].
	 Diabetes is becoming a common disease in the Middle 
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East region as the incidence of type 1 diabetes ranges from 2.62-
20.18/100,000/year and the percentage of type 1 diabetes is 4.6 
to 40% in the region[1].
	 Plants have always been a good source of drugs, and 
many of the currently available drugs are derived directly or in-
directly from them. Herbs play a big role in managing several 
diseases including diabetes. Examples of herbs used as anti-di-
abetic agents are the following, Ganoderma lucidium, Morinda 
citrifolia, Spirulina, Allium sativum, Eugenia jambolana, mo-
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mordica charantia ocimum sanctum, phyllanthus amarus, tino-
spora cordifolia and trigonella foenum graecum[2].
	 The Ganoderma lucidum, which is an example of 
a herbal anti-diabetic agent, is a large dark mushroom, which 
grows in six colours; blue, red, yellow, purple, black and white, 
each has different names and characteristics[3]. An animal ex-
periment was done by Xiao and colleague[4] to investigate the 
hypoglycemic effects and action of Ganoderma lucidum poly-
saccharides (GLP) on diabetic mice. Results showed that GLPs 
received mice had significantly decreased the fasting serum glu-
cose compared with the diabetic control group[4].
	 Morinda citrifolia, which belongs to the family Rubi-
aceae; are small evergreen trees that grow in tropical climate 
zone[5]. The leaves are about 8 inches long and are oval, the tu-
bular flowers are white and the fruit is 3 to 4 inches in diameter 
with a warty, pitted surface[6].
	 Morinda citrifolia can be found in India, Southeast 
Asia, Australia, Polynesia and Hawaii. The fruit is commonly 
known as “Noni” or “Indian Mulberry”; in Australia it is called 
“cheese fruit” and in Japan “Yaeyama-aoki”[7].
	 In the Pacific Islands “noni”- Morinda citrifolia is used 
by the Polynesians in folk medicine. All parts of the plants have 
been used, including leaf, fruit, flower, roots, bark and seed. The 
juice extracted from Morinda citrifolia fruit possesses an an-
ti-oxidative activity. Kamiya et al.[8] showed that the methanol 
extracts and ethyl acetate-soluble phases from Morinda citrifo-
lia fruit inhibited copper-induced LDL (low-density lipoprotein) 
oxidation. Previously Wang et al.[9] showed that extracts from 
Morinda citrifolia induced dose-dependent inhibition of the ox-
idant substances produced by lipid hydrogen peroxide or super-
oxide anion radicals. 
	 A detailed study of the nutritional composition of Mo-
rinda citrifolia juice has been analyzed. Results showed that it 
contains glucose and fructose (3 - 4 % each), protein (0.2 - 0.5 
%), lipids (0.1 - 0.2%) and vitamin C. The potassium content is 
relatively high (30 - 150 ppm), followed by calcium, sodium and 
magnesium[5]. 
	 On the other hand, Spirulina is a blue-green microalgae 
that grows in tropical salt lakes. It is a multicellular, filamentous 
cyanobacteria belonging to the algae class cyanophyta[10]. It is 
produced primarily from two species of cyanobacteria: Arthro-
spiraplatensis and arthrospira maxima classified into the genus 
Arthrospira[11]. Spirulina is proven to be a rich source of protein 
and vitamins, especially vitamin B12, minerals, carotenoids, and 
phycocyanins[12].
	 Beyond nutritional value, certain species of Spirulina 
have shown therapeutic properties such as metabolic, anti-viral, 
liver-protecting and blood-vessel relaxing effects; anti-cancer, 
anti-inflammatory and antioxidant properties[11]. A human study 
was done by Mani etal.[1] to observe the long-term effect of spi-
rulina in diabetic patients. After 2 months of treating patients 
with Spirulina only, the results showed significant reduction of 
blood sugar levels and glycosylated serum protein levels, con-
firming the hypoglycaemic effect of spirulina. Kim and Park[13] 
asserted that Spirulina can be used as dietary supplementation 
in nutritionally vulnerable groups, Korean elder lies, to improve 
nutritional and health status and prevent chronic diseases such as 
hyperlipidaemia[13].
	 Kusirisin et al.[14] compared between morinda citrifolia 
and other natural plants such as Kaempferia parviflora and re-

ported that morinda citrifolia had the lowest total poly phenol 
and tannin content.
	 Considering previous studies, we hypothesized that 
the combination of Spirulina and Morinda citrifolia might give 
stronger anti-diabetic effects. Our study aimed to report the anti- 
diabetic and lipid profile effects of the combination of Spirulina 
and Morinda citrifolia from four diabetic Omani patients.

Materials and Methodology

	 Four Omani diabetic patients that were between 22 - 35 
years of age, who had been diabetic for 12 years of duration, 
had daily administered the combined herbal intervention for 4 
months 4 g/day of Spirulina tablets and 40 ml/day of Morinda 
citrifolia juice with standard insulin treatment. Pre-intervention 
and post intervention fasting blood glucose levels, glycosylat-
ed haemoglobin (HbA1c) levels, low-density lipoprotein (LDL) 
and body weight were reported in all the subjects. Other four 
Omani diabetic patients with same age range and duration of 
the disease receiving type 1 standard diabetic treatment, insulin 
injections only.

Statistical Analysis: 
	 The statistical SPSS program (version 20.0) was used 
for all the analysis. The data were analyzed by one-way ANOVA 
and two-way ANOVA. All the results are expressed as mean ± 
standard error of the mean (SEM), and with the level of signifi-
cance set at P < 0.05. 

Results

	 Table (1) shows characteristics of the subjects. Two fe-
males and two males with duration of 12 years of diabetes for 
group 1 as a control group. There were three females and one 
male with duration of diabetes for 12 years for group 2 receiving 
the intervention. 

Table1: Characteristics of the investigated subject.
Group 1* Group 2#

Female 2 3
Male 2 1

Duration of diabetes 12years 12years
Group 1* = diabetic patients receiving type 1 standard diabetic 
treatment- insulin injections; as a control group
Group 2# = diabetic patients receiving herbal anti-diabetic in-
tervention

Table 2: Body weights of subjects investigated.
Groups (Kg) Body weight
Group 1 49.75 ± 2.00
Group 2: Before pre-intervention 49.96 ± 1.80
Group 2: 4 months post intervention 50.50 ± 2.10

	 No significant change was found in the body weights 
of the subjects of group 2 post intervention compared to the 
pre-intervention weights P = 0.07. Also, there was no significant 
change as well when compared to the control group - group 1, P 
= 0.06.
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Post intervention, fasting blood glucose serum levels of group 
2 subjects, that used the combination of spirulina and morinda 
citrifolia, were significantly lower (P < 0.002) as compared to 
pre-intervention measurement of those patients and also in com-
parison to fasting blood glucose serum levels post-treatment for 
the control group- group1 (P < 0.001) as shown in figure 1.

Figure 1: Fasting blood glucose serum levels.

	 Post intervention glycosalated haemoglobin serum lev-
els of the group 2 subjects treated with a combination of spiruli-
na and morinda citrifolia were significantly lower (P < 0.05) as 
compared to pre-intervention measurement of those patients and 
when compared to the control group, which is group 1. 

Table 3: Glycsolated haemoglobin serum levels.
Groups % HbA1C
Group 1 6.4
Group 2: Pre intervention 6.5
Group 2: Post intervention 5.8

	 As shown in Table 4, low-density lipoprotein (LDL) of 
group 2 subjects that received the combination of Spirulina and 
Morinda citrifolia were significantly lower (P < 0.019) as com-
pared to pre-intervention measurement of group 2 patients and 
also significantly lower when compared to control group, group 
1 (P < 0.018).

Table 4: Low-density lipoprotein (LDL) serum levels.
Groups (mg/dL) LDL
Group 1 153.00 ± 4.12
Group 2: Pre intervention 156.00 ± 3.82
Group 2: Post intervention 145.00 ± 2.40

Discussion 

	 Diabetes mellitus (DM) complications not only reduce 
the quality and length of life but also are responsible for enor-
mous healthcare costs. More than 50% of the 194 million people 
suffering from diabetes mellitus globally do not know that they 
have the disease. The majority of the undiagnosed and untreated 
people live in the developing world.
	 Diabetes mellitus (DM) is suspected based on symp-

toms such as polyuria, polydipsia, polyphagia, weight loss, re-
current signs of infections. The DM is also associated with micro 
vascular complications involving retinopathy, nephropathy, and 
neuropathy. As a usual practice with the health care facilities of 
the Ministry of Health, Oman, DM is diagnosed at and registered 
with the Primary Health Centres (PHC), where the patient is fol-
lowed up in order to monitor glucose control through a team 
involving a physician to manage medically, to prescribe medi-
cation and referring to other medical speciality should a patient 
requires further attention from secondary or tertiary hospital fa-
cilities[15].
	 A recent study showed that an estimated 10-year risk 
for cardiovascular disease among Omani adults with diabetes in-
creased significantly between 1991 and 2008 in Oman. Focused 
public health initiatives, involving recognised interventions to 
address behavioural and biological risks, should be a real nation-
al priority[16]. 
	 The present invention provides individuals with DM 
the opportunity to safely and conveniently take measures to re-
duce the likelihood of contracting diabetes-associated complica-
tions, as well as the opportunity to safely treat existing diabetes 
conditions using a natural formulation and method of treatment 
rather than more invasive treatment with insulin injections.
	 The previous study concluded that spirulina is a safe 
food supplement without significant side-effects. Kusirisin et 
al.[14] stated that Morinda citrifolia had the lowest total polyphe-
nol and tannin content, which is known to have an antioxidant 
activity, includes chelating free radicals preventing lipid per ox-
idation.
	 We hypothesized that combining Morinda citrifolia 
and Spirulina will give better anti-diabetic effects. Our prelim-
inary study aimed to analyze the effects of the combinations of 
the two natural products of Morinda citrifolia and Spirulina.
	 Although Panam et al.[17] showed in their study a sig-
nificant improvement in the body weight following Spirulina 
supplementation. In the present study, we found that the body 
weights of these Omani diabetic patients were not significantly 
changed when compared to the pre-intervention weights. A rea-
sonable explanation could be that period of intervention was not 
enough to improve the weight in these subjects. 
	 However, our analysis showed that after we tried on the 
combination of Morinda citrifolia and Spirulina to exert insu-
lin-producing organ to secrete native insulin for glucose control, 
serum levels of glucose and glycosylated haemoglobin were sig-
nificantly lower as compared to the pre-intervention measure-
ment of those patients, indicating improved long-term glucose 
regulation. 
	 The results of reduced blood glucose could be due to 
the ability of those supplementary in delaying the absorptions of 
glucose via inhibitions of α-glucosidase, which is located in the 
brush border of the small intestine and normally helps to break-
down starch and disaccharides to glucose[18]. 
	 This study also reported that the LDL of these diabet-
ic patients was significantly decreased when compared to the 
pre-intervention levels of LDL. As glucose attaches to LDLs in 
the blood so, LDLs coated with glucose will stay in the blood-
stream for a longer duration. 
	 The mechanism of improvement for the lipid profile 
was reported earlier through animal experiments by Han LK et 
al.[5] which had stated that glycolipid H-b2 isolated from Spiruli-
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na was able to inhibit pancreatic lipase activity in a dose-depen-
dent manner and able to reduce postprandial TG levels. Besides, 
it was found that phycocyanin also inhibits pancreatic lipase.
	 Although these measures help in controlling DM, but if 
the underlying condition progress and existing measures do not 
control glucose level, DM condition remains obscure on a long 
run thus giving rise to adverse morbidity. Clinical trials involv-
ing a larger sample size will be needed to carry out additional 
efforts to confirm these results.

Conclusion

	 In conclusion, our study sheds the light on the effects 
of the combination of Morinda Citrifolia and Spirulina as strong 
anti-diabetics. The study brought in favourable effect on blood 
glucose and blood lipids-LDL in Diabetic Omani patients. Our 
results also suggest that Spirulina and Morinda citrifolia are 
capable agents and should be considered as useful food sup-
plements for the management of diabetes. Further studies with 
a larger sample size and for a longer duration are required to 
ascertain the mechanism of combined Spirulina and Morinda 
citrifolia actions in more detail and its antioxidant capacity and 
immune variables. 
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