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ABSTRACT 
 
Aims: To find out the effect of crude extract of Oscillatoria willei, a marine cyanobacterium on hydrazine induced toxicity.  
Methodology and Results: In this study, the experimental mice were injected intramuscularly with 5 mg of hydrazine/kg 

body weight continuously for 20 days. Crude extract of Oscillatoria willei was given to the animals induced with 
hydrazine toxicity. The animals were subjected to various biochemical and immunological parameters after exposing to 
hydrazine and followed up treatment. The results revealed that intra-peritoneal administration of O. willei reduced 
interleukin 2 (IL-2), reducing sugar, thiobarbituric acid reactive substances (TBARS), liver enzymes, bilirubin, creatinine 
and uric acid level.  
Conclusion, significance and impact of study: O. willei treatment was found to reduce the ill effects induced by 

hydrazine. 
 
Keywords: O. willei treatment was found to reduce the ill effects induced by hydrazine 

 

 
INTRODUCTION 
 

Hydrazine is a base, slightly weaker in strength than 
ammonia that can function as a strong reducing agent or 
as an oxidizing agent under certain conditions (Schiessl, 
1995). At ambient temperature, hydrazine is a fuming, 
colorless, oily, hygroscopic liquid with an ammonia-like 
odor (National Research Council, 1996). Hydrazine has 
numerous industrial applications (Schiessl, 1995). It is 
used in the synthesis of many derivatives, including 
foaming or blowing agents, polymers, antioxidants, 
fungicides, herbicides, insecticides, plant growth 
regulators, and pharmaceuticals, such as the antibiotic 
isoniazid. Hydrazine is one of the components of tobacco 
smoke.  

The quantity of hydrazine in mainstream cigarette 
smoke ranges from 24 to 43 nanograms (ng) per cigarette 
and an average of 32 ng per cigarette (Liu et al., 1974; 

Hoffmann and Hecht, 1990). The quantity in side stream 
smoke (smoke emitted from a smoldering cigarette) might 
be higher than in mainstream smoke, for example 94 ng 
(Liu et al., 1974). Symptoms due to high levels of 

hydrazine exposure include irritation of the eyes, nose and 
throat. It causes temporary blindness, dizziness, 
headache, nausea, pulmonary edema, seizures and coma 
in humans.   

Adult male and female Fischer 344 rats and male 
Syrian hamsters exposed to hydrazine at 75 ppm for 1 h 
each week for 10 weeks showed a significant reduction in 
body weight during the exposure period (Latendresse et 
al., 1995). Hydrazine sulfate was found to induce 
hyperglycemia (Ochoa et al., 1975). Acute exposure can 
also damage the liver, kidneys and the central nervous 

system (CNS) in humans (International Agency for 
Research on Cancer, 1999). The carcinogenic effect of 
inhaled hydrazine in C57BL/6 mice, F344 rats, Syrian 
golden hamsters and beagle dogs has been reported 
(International Agency for Research on Cancer, 1999; Zhu 
et al., 1991).  

On the basis of the animal bioassay data, hydrazine 
was classified by International Agency for Research on 
Cancer (1999) as possibly carcinogenic to humans (Group 
2B) and by the U.S. Environmental Protection Agency 
(1991) as a probable human carcinogen (B2). Marine 
microalgae have emerged in the last 10 years as one of 
the most productive group for yielding substances of 
human health. Cyanobacteria are a diverse group of 
photosynthetic prokaryotic organisms. Morphologically 
they are of unicellular/colonial/filamentous forms.  

The traditional use of cyanobacteria including as food 
has been established through centuries and through 
numerous and rigorous toxicological studies (Chamorro et 
al., 1997). In addition, Cyanobacteria are well known to 
produce various types of bioactive compounds that 
include antiviral, antibacterial, antifungal, 
immunomodulatory, antitumor and anticancer (Falch et 
al.,1995). Having known these facts, this study was done 
to explore the bioactive potency of Oscillatoria willei, a 
marine cyanobacterium on hydrazine induced pathological 
changes in mice model.  

 
MATERIALS AND METHODS 

 
Organism chosen 
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The marine cyanobacterium Oscillatoria willei was chosen 
for this study. It is an autotrophic, filamentous organism. 
This strain was obtained from the germplasm collection of 
the National Facility for Marine Cyanobacteria (NFMC), 
Bharathidasan University, Tiruchirappalli – 620 024, India. 
The organism was cultured in ASN III N

+
 media in an 

auxenic condition and incubated at 1,500 lux. in the 
germplasm of the facility and were allowed to grow for 15-
20 days. After a duration of 15–20 days, the mass was 
harvested using a sieve and was washed many times with 
tap water followed by distilled water to remove the salt. 
The fresh weight of the mass was obtained using an 
electronic balance (Precisa 125A, Switzerland). This wet 
mass was used for the preparation of extract. Cold 
ethanol extraction was done to get the extract. 

 
Experimental animal chosen for this study 

 
Apparently healthy Swiss albino male mice weighing 
around 30 ± 0.7 g bodyweight were chosen for the study. 
The animals were obtained from the animal house of 
Department of Microbiology, Bharathidasan University, 
Tiruchirappalli – 620 024, India. The animals were housed 
in Tarson’s polypropylene cages (8″ x 12″ x 8″) with metal 
grill top and acclimatized to the laboratory conditions for a 
week in well ventilated room. The animals were fed with 
freshly prepared feed containing milk and wheat powder 
and salt to taste and tap water ad libitum. 

 
Study Design 

 
The selected mice were divided into 5 groups containing 
10 animals each. The 1

st
 control animals (G1) were not 

subjected to any treatment and next set of control animals 
(G2) received PBS pH 7.2 from 20

th
 day to 40

th
 day of the 

study period. Animals of the experimental group (G3) 
were injected with 5mg of hydrazine/kg of animal for 20 
days continuously, whereas the next test group (G4) were 
injected with 5mg of hydrazine/kg of animal for 20 days 
continuously followed by treatment with Oscillatoria willei 
extract for the next 20 days (20

th 
– 40

th
 day) and the test 

group G5 was left for recovery study after O. willei 

treatment. 

  
Analysis 

 
The animals were watched regularly for their general 
health condition, feed intake, water intake, excreta 
quantity and whole body weight. After the study period (20 
days, 40 days and 60 days) the animals were analyzed for 
hematological, immunological, biochemical and 
histological parameters. Before dissection the 
haematological parameters like bleeding time, clotting 
time, total count of erythrocytes (RBC) and leukocytes 
(WBC), differential count and hemoglobin content (Sood, 
2004) were seen. Gravimetric analysis of the various 
organs was done after dissection by weighing the organs 
in electronic balance (Sartorius). Serum was subjected for 

the estimation of Interleukin 2 (IL-2) (Hudson and Hay, 
1989).  

Serum biochemical analysis like reducing sugar (M/s 
Vital Diagnostics, Mumbai, India), total protein (M/s 
Beacon, Navsari, India), albumin (M/s Beacon, Navsari, 
India), total cholesterol and lipid profile (M/s Beacon, 
Navsari, India), triglyceride (M/s Vital diagnostics, Mumbai 
India), thio barbituric acid reactive substances (TBARS) 
(Yagi, 1992), liver function tests (AST, ALT, ALP, ACP 
and bilirubin) and kidney function tests (Urea, uric acid 
and creatinine) (M/s Agappe diagnostics, Kerala, India) 
were done by making use of respective commercial kits 
supplied by the corresponding companies given in the 
paranthesis. The histology of liver and lungs was studied 
adopting the routine paraffin method (Humason et al., 

1971).  
 
Biochemical constituent of O. willei 
 

Tests for secondary metabolites were done by following 
the method adapted by Edeoga et al. (2005). 

 
Gas Chromatography – Mass Spectroscopy (GC-MS)  

 
Chemical nature and molecular structure of the bioactive 
compounds present in the extract was analyzed using 
GC-MS (Clarus 500 Perkin Elmer model) at Paddy 
Processing Research Center, Thanjavur, Tamil Nadu, 
India. 
 
Statistical analysis 
 
All the results are presented as the mean ± S.E.M. 
Statistical significance was noted by comparing each 
treatment group and the control by ANOVA followed by 
Duncan’s post hoc test using SPSS software. Results with 
p<0.001 were considered statistically significant. Same 
legend on the table or figures indicates no significant 
difference. 
 

RESULTS AND DISCUSSION 
 

In this study, it was interesting to note that one animal of 
the hydrazine treated category developed skin tumor. The 
probable reason could be its mutagenic nature. Hydrazine 
is an irritant of skin and respiratory tract and also a 
carcinogen (International Agency for Research on Cancer, 
1999). 50% of animals died after getting intramuscular 
injection with 10 mg of hydrazine/kg of animal. There was 
a significant reduction of bodyweight and feed intake in 
hydrazine injected animals (Table 1). Weight loss was 
observed when hydrazine was absorbed through skin or 
inhaled or taken orally in human (Proctor and Hughes, 
1978). O. willei had effect on body weight i.e. it brought 
back the weight loss due to hydrazine to certain extent. 
The reason could be the bioactive nature of secondary 
metabolites present in O. willei (Sarulatha, 2001). 
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Table 1: Morphometric analysis. 
 

No Category Parameters analysed 

Body weight (g) 

Feed intake (g) 
Excreta 

quantity (g) 
Liver 

Gravimetry (g) 

Before 
treatment 

After 
treatment 

Lungs Spleen Kidney 

1. G1 30.7±0.5 31.6±0.33 10.39±0.245 1.16 0.145 0.059 0.322 
2. G2 31.12±0.4 31.5±0.5 10.5±0.245 1.16 0.145 0.058 0.353 
3. G3 31.02±0.24 27.42±0.4 8.1±0.33 1.455 0.262 0.176 0.404 
4. G4 30.97±0.33 28.02±0.33 8.76±0.45 1.25 0.225 0.137 0.434 
5. G5 31.01±0.4 28.52±0.6 9.33±0.2 1.20 0.215 0.09 0.351 

 
Table 2: Hemotological parameters seen in various group of animals. 
  

No Parameters analysed Category 

G1 G2 G3 G4 G5 

1. Bleeding time (s) 51.7 ± 1.78
a
 51.2 ± 1.32

a
 42 ± 1.14

b
 46 ± 1.14

c
 47 ± 1.2

c
 

2. Clotting time (s) 123.5 ± 3.06
a
 122.25 ± 2.08

a
 83.5 ± 1.46

b
 88.5 ± 0.94

c
 96.7 ± 1.78

d
 

3. WBC 
N x 10

5
 cells/mL 

33.75 ± 1.13
a
 33.65 ± 1.46

a
 46.5 ± 1.78

b
 43.5 ± 1.32

b
 40.42 ±1.46

c 

4. RBC 
N x 10

8
 corpuscles/mL 

41.4 ± 1.13
a
 41.5 ± 1.48

 a
 33 ± 1.78

b
 35 ± 0.94

b
 36 ± 1.13

b
 

5. Hemoglobin (gms%) 12.47 ± 0.94
a
 12.35 ± 1.13

a
 9.2 ± 0.04

a
 11 ± 0.48

b
 11.2 ± 0.33

c
 

Differential count 

6. Lymphocytes (%) 65±1.0
a
 65±1.0

a
 52±0.8

b
 54±1.01

c
 56±1.2

d
 

7. Lymphocytes (%) 25±1.12
a
 25±0.8

a
 20±0.54

b
 21±0.5

b
 25±0.37

a
 

8. Neutrophil (%) 9 ±0.68
a
 9±0.51

a
 22±1.07

b
 21±0.93

b
 17±1.24

c
 

9. Monocyte (%) 0
 a
 0

 a
 4±0.24

b
 3±0.1

b
 1±0.001

c
 

10. Basophil(%) 1±0.02
 a
 1±0.02

a
 2±0.24

b
 1±0.2

a
 1±0.018

a
 

 
There was a significant decrease in feed intake by 
hydrazine given animals (G3) and the reason could be its 
action on appetite, thus there was a drastic change in 
excreta quantity of the animals exposed to hydrazine, 
most mutagens are found to reduce apetite (Proctor and 
Hughes, 1978). This is in correlation with feed intake by 
animals. O. willei treatment enhanced the quantity of 

excreta in hydrazine exposed animals (G3) (Table 1), 
because most cyanobacteria are known as dietary 
supplements. There was an increase in the gravimetry of 
various internal organs like liver, lungs, spleen and kidney 
due to hydrazine exposure. Hydrazine was found to cause 
a dose related increase in liver weight and a decrease in 
hepatic glutathione (Timbrell et al., 1982). There was a 
reduction in the gravimetry of immune system in O. willei 

treated group (G4), thus it proved to possess bioactivity 
(Table 1). 

Reduction in bleeding time and clotting time was 
noticed in hydrazine exposed animals (G3) (Table 2).  
There was an improvement in the bleeding time of O. 
willei treated groups (G4) and also in the group left for 
recovery after O. willei treatment (G5). Samrot and 
Thirunalasundari (2010) found Oscillatoria willei to 
improve bleeding time and clotting time in cigarette smoke 
exposed mouse. WBC count was enhanced to around 
40% in hydrazine exposed animals (G3). WBC count was 

found to be reduced in the treated groups. RBC count and 
hemoglobin content was reduced to certain extent due to 
hydrazine exposure (G3) (Table 2). This reduction in RBC 
count was enhanced by O. willei (G4) treatment. Samrot 
and Thirunalasundari (2010) found O. willei to have 
activity on WBC, RBC and hemoglobin content of 
cigarette smoke exposed mouse.  

Lymphocyte, monocytes, three different types of 
granulocytes, natural killer cells and null cells account for 
differential count. These cells play a major role in the 
defense mechanism of the host either in a specific or non 
specific way. Monocyte count was enhanced to the tune 
2.5 to 3 times in hydrazine exposed animals. Lymphocyte 
count was found to be reduced in hydrazine given animals 
(Table 2). Young (1995) suggested that hydrazine may 
decrease blood lymphocyte concentrations. Basophils and 
eosinophils count were also found to be increased. 
Neutrophils count was found to be reduced (Table 2). 
Lymphocytes count was also reduced which in turn 
indicates the status of specific immune response. There 
was an increase in lymphocyte count in O. willei treated 
group (G4). This could be probably due to the effect of O. 
willei in CMI or humoral response. O. willei treatment (G4) 
reduced basophil count which in turn indicates a reduction 
in the inflammation process.  
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Interleukin-2 (IL-2) is a cytokine that is a critical 
promoter of a cell mediated immune response by 
activating and promoting the differentiation of T-
lymphocytes. Production of IL-2 was enhanced by 
hydrazine exposure (Figure 1). It is suggested that 
hydrazine has the potential to modify immune function 
through interference with IL-2 production and  especially  
the   lymphoproliferative  response to  IL-  
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Figure 1: IL-2 activity of control vs test (hydrazine injected 

and followed by treatment). 
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Figure 2: Serum and tissue TBARS Control vs Tests 

(Hydrazine injected and followed by treatment. 
 

2.TBARS (thiobarbituric acid reactive substance), an 
index of lipid peroxidation and oxidative stress was 
elevated in G3. The elevation was more than 50 % and 5 
fold increase in serum TBARS and tissue TBARS 
respectively in G3 (p<0.0001). Again its level has come 
down to an appreciable and significant level due to O. 
willei treatment (G4) (p<0.05) (Figure 2).  

Hydrazine exposure (G3) enhanced the reducing 
sugar, total protein, albumin, cholesterol, triglyceride, LDL 
and VLDL content of the test group animals (p<0.001) 
than the control (G1 and G2). All the ill effects have been 
more reduced and found to nearing to normal in O. willei 
treated animals allowed for recovery study (G5) (Table 3). 
Samrot and Thirunalasundari (2010) also found O. willei to 

reduce the ill effects caused by cigarette smoke. Liver 
function tests are represented by enzymes like SGOT, 
SGPT, alkaline phosphatase, acid phosphatase, GGT and 
bilirubin. When assessed it was found that all the liver 
function enzyme and bilirubin were elevated in G3 
(p<0.001) (Table 4).  Though   there was no change in 
SGOT level among the O. willei  treated groups (G4) than 

hydrazine exposed animals (G3), there was an 
appreciable and significant change in other parameters 
like SGPT, alkaline phosphatase, acid phosphatase, GGT 
and bilirubin (p<0.001) (Table 5). O. willei was found to 

reduce these enzymes activity in cigarette smoke exposed 
mice (Samrot and Thirunalasundari, 2010). 
 

 
Figure 3 Photography showing the effect of hydrazine on 

lung tissue (40X magnification). 
 
NA- Nuclear abnormality    
RN – Recovering nuclei  
G1 – control, G2 – Positive control, G3 –Test (injected with 
hydrazine) showing cytolysis and nuclear abnormality, G4 – Test 
(injected with hydrazine and treated with O. willei extract) 
showing reduction in nuclear abnormality, G5 – Test (injected 
with hydrazine, treated with O. willei extract and left for recovery 
study), showing more nuclei to recover from abnormality. 

 
Kidney function test represented by uric acid and urea 
found to be enhanced to several fold (p<0.001), due to 
hydrazine exposure (G3). Uric acid level was brought 
back to normal and comparable to control by O. willei 
treatment (G4) (Table 4). Even O. willei was found to have 
action against the elevated level of uric acid, urea and 
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creatinine in cigarette smoke exposed mice (Samrot and 
Thirunalasundari, 2010). 

Nuclear abnormality and cytolysis of the hepatocytes 
were observed in the hydrazine given animals (Figure 4). 
This might have been caused by oxidative damage 
induced and hydrazine. A dose of 20 mg/kg of hydrazine 
caused accumulation of lipid, swelling of mitochondria and 
the appearance of microbodies in periportal and midzonal 
hepatocytes (Scales and Timbrell, 1982). O. willei 
treatment reduced the percentage of nuclear abnormality 
in hydrazine. The bioactive compounds present in O. willei 

might be the recovery of these abnormalities induced by 
hydrazine. Samrot and Thirunalasundari (2010) also found 
O. willei to reduce nuclear abnormalities induced by 
cigarette smoke in mice.  
 

 
Figure 4: Photography showing the effect of hydrazine on 

lung tissue (40X magnification).  
 
EM – Emphysema   
PEM – Persistent Emphysema 
G1 – control, G2 – Positive control, G3 –Test (injected with 
hydrazine) showing enlargement of airspace (Emphysema) and 
increased inflammation, G4 – Test (injected with hydrazine and 
treated with O. willei extract) showing reduction in inflammation, 
G5 – Test (injected with hydrazine, treated with O. willei extract 
and left for recovery study), showing reduction in inflammation. 
 

Inflammation and airspace enlargement i.e. permanent 
emphysema was induced by hydrazine exposure in mice 
(Figure 4). Cigarette smoke also found to create 
permanent emphysema. Hydrazine vapor is a potent 
ocular and upper respiratory tract irritant in humans and 
common laboratory animals and is absorbed readily 
through intact skin, the lungs, and the gastrointestinal tract 
(Reinhart et al., 1981). Latendresse et al.

 
(1995) also 

suggested that hydrazine-induced local inflammation likely 
played a minimal role, if any, in the promotion and 
progression of the tumors. O. willei treatment played a 

major role in reducing the inflammation induced by 
hydrazine. This again proves the bioactive potency of O. 
willei. 

Qualitative analysis of O. willei extract for secondary 

metabolites revealed the presence of tannins, saponins, 
flavanoids and terpenoids. Ethanolic extract of O. willei 
when analysed by GC-MS found to have fourteen major 
components. The retention time varied from 3.02 in 
Butane 1,1-diethoxy- to 39.56 in Olean-12-ene. Peak area 
percentage varied from 0.04% in 1,2,3,4,5-
Cyclopentanepentol to 3.87% Olean-12-ene. 
Cyanobacteria are well known to produce various types of 
bioactive compounds that include antiviral, antibacterial, 
antifungal, immunomodulatory, antitumor and anticancer 
compounds

 
(Jaki et al.,  2000; Teicher et al.,  2000;  Nogle 

and Gerwick, 2002; Samrot and Thirunalasundari, 2010).  
 
CONCLUSION 
 
O. willei, a photosynthetic prokaryote known to possess 

secondary metabolites with pharmacological activities 
could be a remedy for hydrazine induced toxicity in 
animals. If further explored and confirmed one or more 
compounds of O. willei origin could be of use to human 
beings as cure for hydrazine/chemical induced 
pathological changes.  
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