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ABSTRACT 

Objective: The present study aims to evaluate the antidiabetic effect of ethanolic extract of Haematococcus pluvialis (H. pluvialis) in streptozotocin 
(STZ)-induced diabetic rats. 

Methods: The antidiabetic activity of H. pluvialis was investigated by the determination of glucose and insulin levels, aspartate (AST), alanine 
transaminases (ALT), lipid profile including total cholesterol (TC), triglycerides (TG), low-density lipoprotein-cholesterol (LDL-C) and high-density-
lipoprotein-cholesterol (HDL-C). Histopathological examination of pancreas and liver were also carried out. 

Results: The results revealed that the levels of glucose, TC, TG, LDL-C as well as AST and ALT enzyme activities were increased significantly in 
diabetic rats. While, insulin and HDL-C levels decreased significantly in STZ-induced diabetic rats. The remediation of diabetic rats with H. pluvialis 
attenuated the elevated levels of glucose, TC, TG, LDL-C as well as AST and ALT activities in diabetic rats. Besides, it improved insulin, HDL-C levels, 
pancreas and hepatic architectures. 

Conclusion: H. pluvialis extract has a promising antidiabetic potency through attenuation of several metabolic disorders associated diabetes. 
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INTRODUCTION 

Diabetes mellitus (DM) is a complex disorder that is categorised 
into two large types; insulin-dependent diabetes mellitus (type 1 
diabetes) and non-insulin-dependent diabetes mellitus (type 2 
diabetes) [1]. Type 2 diabetes mellitus (T2DM) represents the 
main state of diabetes around the world that is attributed to 
different causes such as, unhealthy habits; sedentary lifestyle 
and obesity [2]. T2DM therapies including, insulin, 
sulfonylureas, thiazolidinedione’s, metformin and α-glucosidase 
inhibitors may have limited efficacy or significant mechanism 
that lead to side effects like hypoglycemia, flatulence, body 
weight gain and enhancement of gastrointestinal problems [1]. 
Hence, searching for new natural antidiabetic therapies for 
combating diabetes has become an urgent matter.  

Different types of algae, specifically microalgae, contain important 
vitamins such as: vitamins A, B1, B2, B3, B6, B9, B12, C, D, E and H 
which are considered as potent and valuable sources of bioactive 
compounds and may be applied in pharmaceutical, nutraceutical and 
cosmetic sectors [3]. H. pluvialis is a unicellular green microalga that 
enters in many industries; nutraceuticals, pharmaceuticals, 
cosmetics, aquaculture and nutritious [4]. This freshwater alga 
belongs to the family of Haematococcaceae which contains 
compounds including fatty acids (lauric, myristic, palmitic, 
palmitoleic, margaric, oleic, lignoceric, gadoleic), vitamins (B1, B2, 
B3, B5, B9, B6, B12

ASTA is a natural red carotenoid pigment which occurs in different 
sources such as microalgae, trout, salmon and shrimp [5]. H. 
pluvialis, Chlorella zofigiensis and Chlorococcum sp. are the main 
sources of ASTA however; the amounts of ASTA (up to 4-5% of dry 
weight) in H. pluvials are higher than any other source [6]. 
Throughout the last few years, there is a rapidly developed research 
on the health benefits of ASTA due to it is considered as a powerful 
agent in the protection of oxidative stress-related diseases [5]. 
Depending on looking for green solutions, the natural ASTA pigment 

from H. pluvialis seems to be better than its synthetic counterpart 
because of structure, function, application and safety [7]. It was 
reported that ASTA has a potential effect against different chronic 
inflammatory disorders, including cancer, asthma, rheumatoid 
arthritis, metabolic syndrome, gastrointestinal, hepatic and 
neurodegenerative diseases [8]. 

, C and E) and carotenoids (astaxanthin (ASTA), 
canthaxanthin, echinenone, lutein and β-carotene). 

Therefore, the aim of the current work is to investigate the efficiency 
role of H. pluvialis ethanolic extract to attenuate metabolic disorder 
associated diabetes in STZ-induced rats. 

MATERIALS AND METHODS 

Chemical, reagents and standards 

STZ was purchased from Sigma-Aldrich, India. All chemicals in the 
present study were of analytical grade, products of Sigma, Merck 
and Aldrich. All kits were the products of Biosystems (Alcobendas, 
Madrid, Spain), Sigma Chemical Company (St. Louis, MO, USA), 
Biodiagnostic Company (Cairo, Egypt). 

H. pluvialis cultivation 

H. pluvialis (strain No. CCAP 34/7) was isolated by spreading 0.1 ml 
of water samples collected from Nile River phytoplankton using 
BG11 media for algal isolation [9] into Petri dishes containing 1.5% 
agar for solidification. Then, single colonies of algae were re-
cultivated in the specified liquid media as non-axenic batch cultures 
(50 ml) at 25±2 °C and 24 h with continuous white fluorescent lamp 
intensity ≈2500 Lux. Cultivation was carried out on an open pond 
with a capacity of 70 l containing 55 l of growth media. After 
cultivation, the biomass was initially separated from the water by 
gravitational settling and then further concentrated by 
centrifugation [10], then dried at 40 °C. 

Preparation of ethanolic extract  

100 g of the powder algae were macerated in ethanol (80%) and 
shacked on a shaker (Heidolph UNIMAX 2010) for 48 h at 150 
rpm. The extract was filtered using a Buchner funnel and 
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Whatman No. 4 filter paper and the algal residue was re-
extracted with the addition of fresh ethanol for another two 
times [11]. Combined filtrates were concentrated using 
Rotavapor (Heidolph-Germany) at a temperature of 40 °C under 
vacuum to dryness. The evaporated extract so obtained was 
preserved at-20 °C in a freeze and kept until further use. 

Animals 

Fifty male Wistar rats (180-200 g) raised in the Central Animal 
House, National Research Centre (NRC) were used. Animals were 
acclimatised to the laboratory conditions at room temperature 
prior to the experimentation. Animals were kept under standard 
conditions of a 12 h light/dark cycle with food and water in 
plastic cages with soft bedding. Before testing for blood glucose 
level or injection of streptozotocin to induce diabetes, the rats 
were fasted overnight (at least 12 h) but had free access to 
water. The study was approved by the NRC animal Ethical 
Committee Guidelines (approval no: 0112459) for the use and 
care of animals. 

Diabetes induction and animals' treatment  

STZ was dissolved in 0.01 M citrate buffer immediately before 
use and induced by intraperitoneally injection of a single dose 
(45 mg/kg b. wt.) through the dorsal vein of the rats' penis [12]. 
After STZ injection, rats had free access to food, water and were 
given 5% glucose solution to drink overnight to encounter 
hypoglycemic shock [13].  

Fasted blood glucose levels were assessed 72 h after STZ injection 
as well as glycosuria to confirm the diabetic states. Rats were 
considered to be diabetic if glycosuria was present for 3 
consecutive days [14]. Only rats with a fasting blood glucose level 
of ≥300 mg/dl and positive urine glucose were used in the 
experiment. The antidiuretic glibenclamide reference drug was 
orally administrated at a dose 10 mg/kg b. wt. daily for 30 d [15]. 

Experimental study 

Fifty rats were randomly divided into 5 groups of ten in each group. 
Group 1: Normal control. Group 2: Normal rats treated with H. 
pluvialis ethanolic extract (150 mg/Kg b. wt.) [16], group 3: Diabetic 
rats. Groups 4: Diabetic rats orally administered with H. pluvialis 
ethanolic extract (150 mg/Kg b. wt.). Group 5: Diabetic rats orally 
administered antidiabetic glibenclamide reference drug (10 mg/kg 
b. wt.) daily for 30 d. 

Blood sampling, tissue samples and serum measurements 

Rats fasted overnight (12-14 h), anaesthetized by diethyl ether 
and blood collected by puncture of the sublingual vein in clean 
and dry test tube, left 10 min to clot and centrifuged at 3000 rpm 
for serum. The separated serum was used for biochemical 
analysis of glucose, insulin, TC, TG, HDL-C and LDL-C levels, AST 
and ALT activities  

Biochemical analysis 

Glucose level 

Serum glucose level was determined calorimetrically according to 
the method described by Trinder [17]. 

Insulin activity  

Insulin was determined by Insulin quantitative test kit according to 
the method of Sacks [18] based on a solid phase enzyme-linked 
immunosorbent assay. 

Liver enzymes activity 

Serum AST and ALT activities were determined according to the 
method of Reitman and Frankel [19]. 

Lipid profile (TC, TG, LDL-C and HDL-C) levels 

Serum TC level was determined using diagnostic kit according to the 
method of Allain et al. [20]. TG level was determined by the method 
of Fassati and Prencipe [21]. LDL-C was determined by the method 
of Assmann et al. [22]. HDL-C was determined by the method of 
Stein [23]. 

Histopathological examinations 

At the end of the experiment, rats were sacrificed and the pancreas 
and liver samples were dissected and extracted from animals. 
Pancreas and liver tissues were fixed in 10 % formalin for one week, 
washed in running tap water for 24 h and dehydrated in ascending 
series of ethanol (50-90 %), followed by absolute alcohol. The samples 
were cleared in xylene and immersed in a mixture of xylene and 
paraffin at 60 °C. The tissue was then transferred to pure paraffin wax 
of the melting point 58 °C and then mounted in blocks and left at 4 °C. 
Serial sections of 5 microns thick were prepared and mounted on 
clean glass slides and left in the oven at 40 °C to dryness. The slides 
were deparaffinized in xylene and then immersed in descending series 
of ethanol (90-50 %). The ordinary haematoxylin and eosin (H and E) 
stain was used to stain the slides [24]. 

Statistical analysis 

All the values of fasting blood sugar, biochemical estimations were 
expressed as mean±SD (Standard Deviation). Statistical differences 
between the means of the various groups were evaluated by one-
way analysis of variance (ANOVA) using the Statistical Package for 
the Social Sciences (SPSS) program, version 11 followed by Co-state 
statistical program to compare significance between groups, where 
unshared letters are considered significant at P≤0.05. 

RESULTS AND DISCUSSION 

Influence of H. pluvialis extract on glucose and insulin levels 

Glucose and insulin levels in different therapeutic groups are 
demonstrated in the table (1). Insignificant difference in blood 
glucose and insulin levels was recorded between untreated normal 
control and treated one with H. pluvialis extract. While a significant 
increase in glucose level was recorded in diabetic rats with 
percentage 218.35%, compared to normal control rats.  

However, insulin revealed a significant decrease in its level with 
percentage 54.25%. Treatment of diabetic rats with H. pluvialis 
extract showed a reduction in glucose level with amelioration 
percent 177.15%. While insulin level recorded significantly 
increased with the percentage of amelioration 62.21%. Also, 
glibenclamide standard drug showed improvement in blood glucose 
and insulin levels with amelioration percent 167.69 and 8.23%, 
respectively.  

 

Table 1: Changes in blood glucose and insulin levels in different experimental groups 

 Groups parameters  Control Control+H. pluvialis Diabetes Diabetes+H. pluvialis Diabetes+drug 
Glucose (mg/dl) 
% Change  
% of improvement 

106.8±3.9
- 

a 

- 

90.15±3.18
15.58 

b 

- 

340.00±18.00
218.35 

c 

- 

150.80±10.80
41.19 

d 

177.15 

160.90±9.85
50.65 

d 

167.69 
Insulin (µIU/ml) 
% Change  
% of improvement 

7.41±0.8 
- 

a 

- 

8.00±0.5
7.96 

b 

- 

3.39±0.02
54.25 

c 

- 

8.00±2.6
7.96 

a 

62.21 

4.00±2.11
46.01 

c 

8.23 

1-Data are expressed as mean±SD of ten rats in each group. 2-Statistical analysis is carried out using SPSS computer program (one way ANOVA) 
coupled with Co-state computer program, where unshared letters are significant at P≤0.05.  
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DM, a group of metabolic disorders of the endocrine system 
characterised by hyperglycaemia, contributes to death in several 
developed and developing countries [25]. According to the present 
results, the glucose level of diabetic rats revealed an increase in 
blood glucose level (218.35%), comparing to normal control rats. 
This finding is in agreement with those obtained by Nizamutdinova 
et al. [26] and El-Baz et al. [27] who found that glucose level 
increased in rats after STZ induction which may be attributed to, the 
irreversible destruction of the pancreatic β-islet cells and 
consequently reducing insulin secretion. 

However, the supplementation of diabetic rats with H. pluvialis 
ethanolic extract exhibited a decrease in the blood glucose level 
with improvement percentage reached to 177.15% as compared 
to normal control rats. In a parallel results Uchiyama et al. [28], 
declared, reduction in blood glucose level in mice after 
treatment with Astaxanthin (ASTA). The same authors suggested 
that the anti-oxidants may be potentially useful for reducing 
glucose toxicity. 

Further, oxidative stress encouraged by hyperglycemia insult may 
result in pancreatic β-cells dysfunction in DM state. ASTA, a 
carotenoid of marine microalgae, is considered as a powerful 
antioxidant that can inhibit lipid peroxidation and scavenge reactive 
oxygen species (ROS) [28]. Moreover, ROS production, activation of 
transcription factors, cytokine expression and production by normal 
human mesangial cells enhanced by hyperglycemia were 
significantly suppressed by ASTA treatment [29]. 

The deficiency in insulin secretion or action site is considered the 
main causes responsible for DM [25]. In the present study, diabetic 
rats exhibited a significant decrease in insulin level (54.25%), 

comparing to normal control rats. These results are run in parallel 
with the results of Gandhi and Sasikumar [30] who observed a 
significant decrease in insulin level post induction with STZ. This 
reduction may be related to, the induction of STZ enhance 
degenerative changes in β-cells leading to decreases in the number 
of functioning β-cells [31]. Thus, T2DM is accompanied with 
insufficient secretion of insulin from the pancreatic β-cells and 
impaired insulin action in target tissues including liver, muscle and 
fat [32]. 

Meanwhile, diabetic rats treated with H. pluvialis showed 
enhancement in insulin level with percentage 62.21%. This result is 
agreed with the study of Preuss et al. [33] who declared that ASTA 
beneficially improved both sucrose-induced elevation of blood 
pressure and insulin resistance in rats. Due to oxidative stress 
encourages insulin resistance in T2DM, it is critical to find effective 
antioxidant to upgrade this damage [5].  

So, the improved insulin level upon using H. pluvialis extract may 
rely on the hypothesis of Regnier et al. [34] who found the 
antioxidant activity of ASTA may contribute to a decrease the 
risk of oxidative stress-related diseases. Where, the antioxidant 
activity of ASTA is 65 times more potential than vitamin C, 54 
times higher than β-carotene and 100 times more active than α-
tocopherol [7]. 

Influence of H. pluvialis extract on liver enzymes activity 

Table (2) demonstrated the AST and ALT enzyme activities in 
different experimental groups. An insignificant difference was 
recorded in liver enzyme activities in treated rats with H. pluvialis 
extract as compared to untreated normal control one. Diabetic rats 
declared significant elevation in AST and ALT activities with 
percentages 94.40 and 50.57%, respectively as compared to control 
group. However, H. pluvialis treatment attenuated the elevation in 
AST and ALT activities with improvement percentages 90.04 and 
35.19%, respectively. While the amelioration percent in AST and 
ALT activities reached to 87.45 and 39.03%, respectively upon using 
glibenclamide antidiabetic drug. 

 

Table 2: Changes in liver enzyme activities; AST and ALT in different experimental groups 

 Groups parameters Control Control+H. pluvialis Diabetes Diabetes+H. pluvialis Diabetes+drug 
AST (U/l) 
% Change  
% of improvement 

22.71±1.28
- 

a 

- 

23.12±2.10
1.80 

a 

- 

44.15±2.19
94.40 

b 

- 

23.70±2.15
4.35 

a 

90.04 

24.29±1.90
6.95 

a 

87.45 
ALT (U/l) 
% Change  
% of improvement 

26.00±2.12 
- 

a 

- 

27.00±2.34
3.84 

a 

- 

39.15±2.10
50.57 

b 

- 

30.00±2.7
15.38 

a 

35.19 

29.00±2.12
11.53 

a 

39.03 

1-Data are expressed as mean±SD of ten rats in each group. 2-Statistical analysis is carried out using SPSS computer program (one way ANOVA) 
coupled with Co-state computer program, where unshared letters are significant at P ≤0.05.  

 

AST and ALT (aspartate and alanine aminotransferases) 

Regarding the current findings, AST and ALT activities were 
significantly increased in the diabetic status with percentages 94.40 
and 50.57%, respectively as compared to the normal control rats. 
The recent results are in accordance with the results of Sireesha and 
Sailaja [35] and El-Baz et al. [27], who displayed a significant 
increase in both AST and ALT activities in diabetic condition and 
related these increments to the destruction of hepatic cells and the 
enzymes leakage into the circulation are likely the responsible for 
alterations in enzyme activities levels. H. pluvialis extract improved 
the activities of AST and ALT by percentages 90.04 and 35.19%, 
respectively.  

Hamdena et al. [36] explained that STZ encourages hyper-
glycemia resulting in the over-production of free radicals, the 
inactivation of antioxidant enzymes by the non-enzymatic 
glycation of proteins and subsequently causes harmful effects on 
β-cells function. On the other hand, both of ASTA and oleic acid 
enhance maximum antioxidant capacity and seem most adequate 

for human consumption in nutraceuticals or pharmaceuticals 
[37]. So, ASAT and oleic acid of H. pluvialis extract may be 
responsible for the ameliorative effect in AST and ALT activities 
in diabetic condition. 

Influence of H. pluvialis extract on lipid profile 

Table (3) clearly indicated an insignificant change in lipid profile 
levels in normal rats treated with H. pluvialis extract as compared to 
untreated control rats. However, diabetic rats recorded significant 
elevation in TC, TG and LDL-C levels with percentages 74.54, 57.46 
and 140.88%, respectively.  

While HDL-C level exhibited significantly decreased (39.88%) as 
compared to control rats. Treatment of diabetic rats with H. 
pluvialis extract showed amelioration in TC, TG, LDL-C and HDL-C 
levels by percentages 61.93, 57.66, 129.33 and 35.81%, 
respectively. While, the percentages of amelioration recorded 
3.41, 51.66, 82.66 and 19.81%, respectively upon using 
glibenclamide antidiabetic drug. 
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Table 3: Changes in lipid profile levels in different experimental groups 

 Groups parameters  Control Control+H. pluvialis Diabetes Diabetes+H. pluvialis Diabetes+drug 
TC (mg/dl) 
% Change  
% of improvement 

88.80±4.34
- 

a 

- 

75.90±3.43
41.52 

a 

- 

155.00±9.0
74.54 

b 

- 

100.00±7.6
12.61 

c 

61.93 

120.00±2.10
35.13 

d 

39.41 
TG (mg/dl) 
% Change  
% of improvement 

56.71±1.4
- 

a 

- 

45.40±3.16
19.94 

c 

- 

89.30±4.14
57.46 

b 

- 

56.60±2.3
0.19 

a 

57.66 

60.00±3.15
5.80 

a 

51.66 
LDL-C (mg/dl) 
% Change  
% of improvement 

37.50±2.95
- 

a 

- 

25.52±1.62
31.94 

b 

- 

90.33±6.97
140.88 

c 

- 

41.83±2.18
11.54 

a 

129.33 

59.00±1.77
57.33 

c 

82.66 
HDL-C (mg/dl) 
% Change  
% of improvement 

50.17±2.15
- 

a 

- 

55.71±3.18
11.04 

a 

- 

30.16±3.15
39.88 

b 

- 

48.13±2.92
4.06 

a 

35.81 

40.10±4.32
20.07 

c 

19.81 

1-Data are expressed as mean±SD often rats in each experiment, 2-Statistical analysis is carried out using SPSS computer program (one way 
ANOVA) coupled with Co-state computer program, where unshared letters are significant at P≤0.05, 3-TC (Total cholesterol, TG (triglycerides), LDL-
C low-density lipoprotein–cholesterol), HDL-C (high-density lipoprotein cholesterol). 

 

Impaired lipid profile is a strong risk agent in T2DM where, 
coronary atherosclerosis is positively related with 
proatherogenic lipids (TC, LDL-C and TG) and negatively 
correlated with HDL-C [38]. With respect to lipid profile in 
diabetic rats, the levels of TC, TG and LDL-C were significantly 
elevated with percentages; 74.54, 57.46 and 140.88%, 
respectively as compared to normal control rats. While, HDL-C 
level was decreased (39.88%). The increased level of TC in the 
diabetic state may be explained on the hypothesis that, 
hyperphagia of diabetes enhances the increased activity of HMG-
CoA reductase of the intestine leading to increasing cholesterol 
synthesis in plasma [39]. The same authors also added that 
hypertriglyceridemia may related to higher rates of TG 
production rich very-low-density lipoprotein (VLDL) by the liver 
in addition to, the decreased removal of TG by peripheral 
tissues-primarily adipose tissue and muscle. 

InT2DM, when triglyceride-rich lipoproteins are high, the exchange 
of cholesteryl esters in HDL particles for TG in triglyceride-rich 
lipoproteins is increased, an exchange mediated by cholesteryl ester 
transfer protein (CETP) leading to reduce the levels of HDL-C in 
plasma [40]. Also, the reduced HDL-C levels in diabetic condition is a 
result of insufficiency in fatty acid metabolism, increased 
gluconeogenesis and high production of ketone bodies that 
consequently may rise to hypercholesterolemia and hyper-
triglyceridemia which represent the most commonly obtained lipid 
abnormalities in DM [41]. The increase in LDLs is likely connected 
with hypertriglyceridemia where the increased level of triglyceride-
rich lipoprotein in T2DM stimulates CETP activity and the transfer of 
triglycerides to LDLs causing to the formation of small dense 
triglyceride-rich LDL particles [42]. 

Considering diabetic rats treated with H. pluvialis extract, the levels 
of TC, TG, LDL-C and HDL-C were improved by percentages 61.93, 
5766, 129.33 and 35.81%, respectively. It was found that ASTA 
possesses several biological effects including antioxidant, anticancer, 
anti-inflammatory besides; it improves dyslipidemia [43, 44]. 
Moreover, ASTA has the ability to preserve the membrane 
consistency, inhibit the formation of lipid peroxide, reduces the 
accumulation of lipid in lipid-loaded hepatocytes via acting as a 
peroxisome proliferator-activated receptor α (PPAR-α) agonist and 
PPAR-γ antagonist [45, 46]. An in vivo study showed that ASTA 
depletes the increased peroxisome proliferator activated receptor-
γ coactivator 1-α (PGC-1α) in skeletal muscle, resulting in the 
speed usage of lipid, as an outcome of initialization of 
mitochondrial aerobic metabolism [47]. Therefore, the 
ameliorations in lipid profile levels in diabetic rats post treatment 
with H. pluvialis extract may be related to ASTA found in H. 
pluvialis microalgae. Moreover, the hypocholesterolemic effect of 
ASTA may be contribute to increase in the hepatic expression of 
LDL receptor that facilitates LDL uptake to the liver . Beside ,the 
ASTA triglyceride-lowering effect may  be   related to  increase  in 
the expression of the gene involved in fatty acid β-oxidation [48]. 

Pancreas histology 

Microscopically, the pancreas of  normal control rats  revealed 
normal histologicals structure of pancreatic acini and islets of 
Langerhan’s (photomicrograph 1). Meanwhile, sections from 
diabetic rats showed vacuolations and congestion of islets of 
Langerhans as well as focal necrosis of pancreatic acini associated 
with inflammatory cells infiltration (photomicrographs 2a and 2b). 
Examined sections from diabetic rats treated with H. pluvialis extract 
revealed slight vacuolation of cells of islets of Langerhans 
(photomicrograph 3). Also, the pancreas of rat from diabetic rats 
treated with glibenclamide drug revealed slight vacuolation of cells 
of islet’s of Langerhan’s (photomicrograph 4). 

Histopathological examination of diabetic rats in the present results 
are agreed with the results of Sheweita et al. [49] who observed that, 
the induction of STZ at a dose 45 mg/kg led to disturbance of the 
acini pattern structure, pyknotic nuclei of some acini cells with 
severe damage, dilation, congestion and thickening of blood vessels, 
vacuolated acini, vacuolated cytoplasm and degeneration of β-islet 
cells.  

However, the pancreatic architecture of rats treated with H. pluvialis 
extract displayed slight vacuolation of islet’s Langerhan’s cells compared 
to glibenclamide -treated diabetic rats. (Photomicrograph's 3, 4). This 
improvement could be due to; H. pluvialis contain high amounts of 
ASTA that can preserve β-cell function leading to exert beneficial 
effects in the diabetic state [28].  

Additionally, Hussein et al. [50] also suggested that ASTA improved 
both of insulin sensitivity and resistance as it protected the 
pancreatic β-cells from glucose toxicity via preventing the 
progression of β-cells destruction in diabetic mice. 

Liver histology 

Microscopically, liver of normal control rats revealed the normal 
histological structure of hepatic lobules (photomicrograph 5). 
Meanwhile, liver of diabetic rats showed Kupffer cells activation, 
cytoplasmic vacuolization of hepatocytes, cystic dilatation of bile 
duct and fibroblasts proliferation in the portal triad around the 
bile duct (photomicrographs 6a and 6b).  

The improved picture was noticed in the liver of rat from 
diabetic rats treated with H. pluvialis extract, the examined 
sections revealed slight congestion of hepatic sinusoids and 
activation of Kupffer cells (photomicrograph 7).  

Moreover, improved liver sections were noticed in the rat from 
diabetic rats treated with glibenclamide drug, some examined liver 
revealed congestion of central vein and hepatic sinusoids as well as 
activation of Kupffer cells (photomicrograph 8a), whereas, other 
sections showed no changes except slight activation of Kupffer cells 
(photomicrograph 8b). 



El-Baz et al. 

Int J Pharm Pharm Sci, Vol 9, Issue 1, 192-198 

196 

   
Photomicrograph 1: Pancreas of normal 

control rats showing the normal 
histological structure of pancreatic acini 
and islet’s of Langerhan’s (H and E X 400) 

Photomicrograph 2a: Pancreas of diabetic 
rats showing vacuolations and congestion of 

islet’s of Langerhan’s (H and E X 400) 
 

Photomicrograph 2b: Pancreas of diabetic 
rats showing focal necrosis of pancreatic 
acini associated with inflammatory cells 

infiltration (H and E X 400) 

  
Photomicrograph 3: Pancreas of diabetic ratstreated with H. 

pluvialis extract showing slight vacuolation of cells of islet’s of 
Langerhan’s (H and E X 400) 

Photomicrograph 4: Pancreas of diabetic rats treated with 
glibenclamide drug showing slight vacuolation of cells of islet’s of 

Langerhan’s (H and E X 400) 
 

   
Photomicrograph 5: Liver of normal control 

rats showing the normal histological 
structure of hepatic lobule (H and E X 400) 

 

Photomicrograph 6a: Liver of diabetic rats 
showing Kupffer cells activation and 

cytoplasmic vacuolization of hepatocytes 
(H and E X 400) 

Photomicrograph 6b: Liver of diabetic rats 
showing cystic dilatation of bile duct and 

fibroblasts proliferation in the portal triad 
around the bile duct (H and E X 400) 

   
Photomicrograph 7: Liver of diabetic rats 
treated with H. pluvialis extract showing 

slight congestion of hepatic sinusoids and 
activation of Kupffer cells (H and E X 400) 

Photomicrograph 8a: Liver of diabetic rats 
treated with glibenclamide drug showing 

congestion of central vein and hepatic 
sinusoids as well as activation of Kupffer 

cells (H and E X 400) 

Photomicrograph 8b: Liver of diabetic rats 
treated with glibenclamide drug showing 

slight activation of Kupffer cells (H and E X 
400) 
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The present histological findings are also agreed with Sheweita et al. 
[49] who declared that, STZ caused hepatocyte vacuolization and 
fatty changes, necrosis, dilation of hepatic sinusoids, bile duct and 
portal vein and cell infiltration in diabetic rats. These observations 
may be related to the fact that, STZ produced highly reactive 
intermediates that are detoxified by endogenous glutathione (GSH), 
however, when these intermediates present in excess amounts, it 
can deplete GSH stores resulting in allowance the reactive 
intermediate to damage hepatic and renal cells [51]. ASTA was 
reported to have a protective effect on the liver of Sprague-Dawley 
rats against cyclophosphamide-induced oxidative stress [52]. In 
order that, ASTA is highly accumulated in the liver in addition to, it 
has powerful antioxidant and anti-inflammatory activities as well as 
it has a great preventive/therapeutic power to prevent the growth of 
non-alcoholic steatohepatitis (NASH) [53]. Also, ASTA improved the 
liver morphology throughout reducing lipid droplets, collagen 
accumulation and antioxidant status in the liver as evidenced by the 
elevation in GSH level and antioxidant enzyme activities combined 
with reduction lipid hydroperoxide level [48].  

Supplementation of H. pluvialis extract improved the hepatic tissue 
of diabetic rats, the examined section revealed slight congestion of 
hepatic sinusoids and activation of Kupffer cells (photomicrograph 
7). ASTA is reported to be effective in preventing lipid peroxidation 
in rat liver microsomes [54]. ASTA could trap radicals at the 
conjugated polyene chain and the terminal ring moiety throughout 
molecular interaction such as: the two terminal rings interact with 
the hydrophilic polar site of membrane phospholipids; and the 
hydroxyl and carbonyl groups form an intramolecular hydrogen-
bonded five-membered ring, increasing the hydrophobicity of ASTA 
[55]. Hence the improved effect of H. pluvialis extract on liver tissue 
may be related to the presence of ASTA that has antioxidant effects. 

CONCLUSION 

The presented results markedly indicated that the ethanolic extract 
of H. pluvialis was effective in decreasing the blood glucose level in 
STZ-induced diabetic rats. The possible mode of action of the algae 
extract might be through his antioxidant effect of ASTA that may be 
potentiating the insulin secretion from β-cells or its insulin-like 
action. However, the exact mechanism (s) and the nature of the 
molecule(s) responsible for such effects requires further clinical 
examination  
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