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Abstract. In order to investigate whether a. Fischerella sp. colonizing Azadirachta indica (neem) bark is 
able to show, like neem derived extracts/products, bioactivity with respect to glucose metabolizing 
potential in animal models, laboratory cultivated neem colonized cyanobacterial biomass was fed to mice 
and its effects on liver lactate dehydrogenase (LDH: a key enzyme of glucose metabolism) vis a vis blood 
glucose level was monitored. Neem bark extract and purified azadirachtin (a bioactive neem product) 
were also tested simultaneously for comparison. As compared to the control, none of the samples could 
produce much variation in blood glucose levels except a transitory decline, 34% and 26% at 2nd & 12th h, 
in azadirachtin and Fischerella (isolated from neem) fed mice respectively. However, all the test samples 
showed significant increase in liver LDH activity after 2nd h of treatment (p< 0.01) followed by a decline 
at 6th h. Thereafter, the enzyme activity increased progressively up to 24th h in mice fed with azadirachtin 
and neem colonized Fischerella only (p < 0.001 at 24th h). Expression pattern of the enzyme was also 
studied using polyacrylamide gel electrophoresis. Liver specific M4-LDH (homo-tetramer of M sub-unit) 
was detected in all the cases and time-dependent changes in expression of the enzyme paralleled the 
alterations observed in its activities. To ascertain whether such a bioactivity is common with Fischerella 
sp. colonizing other trees also, liver LDH profile was compared between mice fed with Fischerella 
isolated from neem and jamun (Eugenia jambolana) barks separately. Though Fischerella from jamun did 
not alter liver LDH profile, Fischerella isolated from neem could produce significant increase in the 
enzyme activity (p < 0.001) and corresponding changes in the expression of LDH isozymes. The results 
suggest that Fischerella sp. inhabiting neem bark, like bioactivity of its host plant products, modulates 
activity and expression of liver LDH in mice. 
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Introduction 

 
Cyanobacteria, occupying wide ecological niches, also colonize as epiphytes on 

neem (Azadirachta indica) and other plants in the tropics. Neem derived 
extract/products have been found potent glucose mobilizers in hyperglycemic animal 
models [1,2]. Certain cyanobacteria have been reported to produce specific bioactive 
molecules such as antibiotics [3] and antioxidants [4,5]. Some of them have also shown 
the ability of altering their metabolic activities under different conditions [6-8]. 
Therefore, a rarely screened niche for cyanobacteria, the neem bark, prompted us to 
explore the bioactivity of a cyanobacterium inhabiting this plant with regard to glucose 
metabolizing potential in a. mammal. ] 

LDH (EC 1.1.1.27) is one of the most susceptible glucose metabolizing enzymes to 
show changes due to glucose utilization dependent pathological conditions in animal 
models [9-11]. In normal (non-pathogenic) animals also, LDH acts as marker enzyme 
for metabolic adaptations due to environmental changes [12,13], physiological 
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alterations [14,15] and chemical treatments [16,17]. Therefore, monitoring the profile of 
liver LDH in mice was selected as main parameter for the present study. 

So far metabolic role of the algal biomass is concerned, feeding a red microalge to 
chickens has reportedly reduced serum cholesterol level and modulated lipid 
composition of its egg yolk [18]. However, biochemical basis of such changes and other 
relevant studies of this kind in mammals have not been addressed much. Particularly, 
implications of epiphytic cyanobacteria as metabolic modulators in mammals are 
largely unexplored.  

Therefore, the aim of this study was to assess bioactive potential of Fischerella sp. 
isolated from neem bark, with respect to modulating LDH, one of the key enzymes of 
glucose metabolism, in mice liver. 

 
Materials and methods 

 
All the chemicals used were of analytical grade. β-NADH (β-nicotinamide adenine 

dinucleotide, reduced), sodium pyruvate and azadirachtin were purchased from Sigma 
Chemical Co, USA.. 

 
Cultivation of epiphytic cyanobacterium 

The diazotrophic cyanobacterium Fischerella sp. isolated from neem or jamun bark 
was grown separately in modified Chu-10 medium [19] under continuous tungsten plus 
fluorescent illumination (14.4 w/m2) at 30±1oC. The medium was free from any 
combined nitrogen sources. The cyanobacterial cultures were also subjected to tests for 
axenic nature adopting the method of Venkatraman [20]. Log phase algal culture was 
shaken vigorously with the sterile glass beads. A drop of the suspension was inoculated 
on agar plates containing 0.5% dextran, 0.2% yeast extract and 0.2% bacteriological 
peptone. Following dark incubation at 25 o C, these plates were monitored for the 
development of bacterial lawn up to 7 days. The uninfected cyanobacterial cultures, 
screened through this test, were taken as axenic. 

 
Preparation of experimental samples 

Cyanobacterium was cultivated in batch culture using 1 liter 15 flasks to obtain 
enough biomass. Log phase Fischerella cells (10g fresh wt.) were washed, centrifuged, 
lyophilized (Martin Christ, GmbH, Germany) and stored at 4±2OC. Before feeding, the 
biomass was ground to fine powder, dissolved in 100 ml distilled water and stored 
refrigerated. 

Neem bark (10g) was cleaned with distilled water and whipped thrice with 90% 
alcohol followed by 2-3 washes in sterile distilled water. It was ground to fine powder, 
dissolved in 100 ml sterile double distilled water, filtered through Whatman 1 paper, air 
dried and stored refrigerated. 

 
Animal 

Adult male mice (AKR strain) of same age group were used for the experiments. 
These were bred and reared under laboratory conditions (25-30OC) as per the 
recommendations of the ‘laboratory animals division’, Central Drug Research Institute 
(CDRI) Lucknow, India, under the supervision of the ‘laboratory animal welfare 
committee’ of the University.  
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Treatment of experimental mice 
Pilot experiments were performed to assess physiological acceptability and suitable 

dose of the samples in mice. To avoid the interference of circadian rhythmicity, the 
samples feed were orally administered at a fix time of the day. For the first set of 
experiments, mice were divided in four groups consisting of 4-5 animals in each group. 
Groups1 and 2 were orally administered with 10 mg equivalents of cultivated neem 
colonized Fischerella and neem bark extract respectively, 3rd group was given with 4 µg 
of purified azadirachtin. The control mice (group 4) were orally administered with the 
equal volume of double distilled water. In the second set, 1st and 2nd group of mice were 
orally administered with 10 mg of dissolved Fischerella sp. isolated from neem and 
jamun barks separately once in a day up to 7 days. The 3rd group was accordingly given 
the equivalent volume of double distilled water and treated as control. All treatments 
were done immediately after giving regular food. After a gap of 1.5 h, the mice were 
left on normal food and water supply, and 3-4 animals from each group were sacrificed 
at indicated time points. 

 
Preparation of liver extract 

The first experimental set mice were sacrificed at 2, 6, 12 and 24 h after the 
treatment. Mice of second set were sacrificed after 7 days of continuous treatment. 
Blood from 3-4 animals was pooled in a heparinised tube for glucose estimation. Liver 
tissue was dissected out, washed in ice-cold normal saline (0.9% NaCl) and 
homogenized (10%) in 20 mM Tris-Cl buffer (pH 7.4) in cold room using Potter-
Elvehjen homogenizer. The extracts were centrifuged at 14,000xg for 20 min. at 4OC 
and supernatants were used for the further experiments. 

 
LDH assay 

LDH was assayed according to Kornberg [21] and Prabhakaram and Singh [14]. The 
reaction mixture (3 ml) was composed of 20 mM Tris-Cl (pH 7.4), 6 mM NADH, 
suitably diluted liver extract and 1 mM sodium-pyruvate. The decrease in absorbance at 
340 nm was recorded up to 10 min. The oxidation of 1 µmole of NADH per min at 
25OC was defined as 1 unit of the enzyme and values were presented as unit g-1 wet wt. 
of tissue & unit mg-1 protein. 

Statistical analyses of the data were done following Bruning and Kintz [22]. Student 
‘t’ test was performed to find the level of significant changes (control vs experimental 
groups).  

Estimation of protein in the tissue samples was done adopting the method of Lowry 
et al. [23]. Glucose estimation was done following glucose oxidase method [24] using 
the kit supplied by Span Diagonistics Ltd., India. 

 
Polyacrylamide gel electrophoresis (PAGE) 

Non-denaturing PAGE was carried out according to Davis [25] in a cold room with a 
constant current of 30 mA applied to a 7x7 cm slab gel for 2 h. Gels were developed in 
an activity stain mixture at 37OC following the method of Dietz and Lubrano [26]. The 
staining mixture (20 ml) consisted of 125 mM Tris-Cl (pH 7.4), 0.5 mM MgCl2, 100 mM 
NaCl, 100 mM Li-lactate, 1 mg ml-1 NAD (nicotinamide adenine dinucleotide, 
oxidized), 0.25 mg ml-1 NBT (nitroblue tetrazolium) and 0.25 mg ml-1 PMS (phenazine 
methosulphate). After development of LDH bands, gels were kept overnight in triple 
distilled water.  
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Results 
 

Effect on blood glucose level 
To ascertain whether any of the experimental samples changes glucose homeostasis 

in normally fed mice, blood glucose was measured in control and treated groups. Since, 
enough blood could not be collected from one mice, estimations are based on the pooled 
blood from 3-4 animals as one sample at each time point and mean ± SE from 3 such 
assays has been presented in Table1. 

 
Table 1. Time course of blood glucose level in control mica and those fed with azadirachtin, 
neem bark extract and Fischerella isolated from neem bark 
 
Treatment Blood glucose (mg dl-1) 

 2nd h 6th h 12th h 24th h 
Untreated 
(control) 178.80 ±1.47 143.90 ± 2.54 146.46 ± 0.99 176.83 ± 4.19 

Azadirachtin 118.26 ±1.79* 132.30 ± 2.23 159.60 ± 3.52 156.86 ± 4.25 
Neem bark 
extract 170.30 ±1.26 142.90 ± 2.92 145.90 ± 3.11 159.36 ± 3.57 

Fischerella 
isolated 
from neem 

170.40 ± 3.34 159.70 ± 8.09 107.90 ± 2.42 * 175.73 ± 4.16 

. *p < 0.05 (control Vs respective treated group). 
 
In the control mice, though blood glucose level was highest (178 mg dl–1) at 2nd h, it 

showed a decrease (~ 146 mg dl-1) between 6-12th h followed by recovery of its 2nd h 
value at 24th h. Mice fed with all the experimental samples also showed blood glucose 
level in the close range of the control values except a transitory decline in case of 
azadirachtin (34%) and neem colonized Fischerella (26%) fed mice at 2nd & 12th h 
respectively.  

 
Effect on LDH activity: 

As liver is the main site of glucose metabolism, the profile of liver LDH is generally 
correlated with glucose turnover efficiency of the tissue. In the control mice, liver LDH 
activity increased slightly from 2nd to 6th h and could maintain the same level thereafter 
up to 24th h (Figure 1). In comparison, the enzyme level increased significantly (~1.5 
times, p < 0.01) at 2nd h, followed by a decline at 6th h and the recovery over its 2nd h 
value by 12th h after feeding all the experimental samples. Although, mice fed with 
neem extract could maintain the same level thereafter, a significant further increase in 
LDH activity (p < 0.001) was observed at 24th h in mice groups fed with neem 
colonized Fischerella and azadirachtin samples. 

 
Effect on the expression of liver LDH: 

To verify whether the experimental samples affect expression of LDH in mice liver 
for bringing out changes in its activity, the enzyme extracts (pooled from 3 animals) 
were subjected to native PAGE. LDH band developed was identified as the most 
cathodic M4-LDH after comparing its mobility with those of the five known LDH 
isozymes from other tissues (unpublished result). According to Figure 2, only M4-type 
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was expressed in liver of control as well as experimental mice. The intensities of LDH 
bands increased remarkably from 2nd h to 6th h onwards in control group and 
corroborated well with the activity profile (Figure 1, control line). Similarly, in 
comparison to the control (2nd h lane), expression of LDH showed ~ 2- 4 times increase 
at 2nd h after the treatment with all the experimental samples. Thereafter, though LDH 
bands from neem extracts and azadirachtin treated mice showed comparable alterations 
with their activity profiles at different time points, mice fed with neem colonized 
Fischerella could show ~ 3- 4 times consistent increase in the expression of M4-LDH up 
to 24 h of treatment. 
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Figure 1. Time course of LDH activity in liver extracts from   control mice and those fed 
with   azadirachtin;   neem bark extract;   Fischerella isolated from neem. 
Mean ± SD from 3-4 animals has been presented. * p< 0.02, ** p< 0.01, *** p< 0.001 
represent level of significant changes (control vs experimental groups). 

 
LDH modulating effects of Fischerella isolated from neem and jamun barks: 

To ascertain whether LDH modulating effect is common in other epiphytic 
Fischerella also, effects of laboratory cultivated Fischerella from neem and jamun barks 
on LDH profile were compared after feeding these samples to separate group of mice up 
to 7 days. According to Figure 3 A & B, in comparison to the control, mice treated with 
Fischerella from jamun bark did not show any change in the activity and expression of 
liver LDH. However, Fischerella isolated from neem could produce ~ 1.5 times increase 
in the enzyme activity (p < 0.001), parallel to an appreciable increase in the expression 
of M4-LDH. It also showed the appearance of other H-subunits containing LDH 
isozymes but with reduced intensity. 
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Figure 2. LDH expression pattern at different time points in the liver of control mice and those 
fed with azadirachtin, Neem bark extract and Fischerella isolated from neem. Each lane 
represents 25µg protein run on 8% non-denaturing PAGE. 

 
LDH modulating effects of Fischerella isolated from neem and jamun barks: 

To ascertain whether LDH modulating effect is common in other epiphytic 
Fischerella also, effects of laboratory cultivated Fischerella from neem and jamun barks 
on LDH profile were compared after feeding these samples to separate group of mice up 
to 7 days. According to Figure 3 A & B, in comparison to the control, mice treated with 
Fischerella from jamun bark did not show any change in the activity and expression of 
liver LDH. However, Fischerella isolated from neem could produce ~ 1.5 times increase 
in the enzyme activity (p < 0.001), parallel to an appreciable increase in the expression 
of M4-LDH. It also showed the appearance of other H-subunits containing LDH 
isozymes but with reduced intensity. 

 
Discussion 

 
As neem derived products are known for their glucose mobilizing potential in animal 

models, similar parameters have been selected to assess the bioactivity of a microalge 
inhabiting this plant. Changes in the blood glucose level are known to modulate glucose 
metabolizing enzymes in animal tissues [9,27]. Nonetheless, most of these enzymes are 
modulated by a variety of external and endogenous factors at normo-glycemic 
conditions also [15-17, 28]. Therefore, in order to rule out the probable interference of 
blood glucose level in LDH modulating effects of Fischerella isolated from neem and 
other samples, routine feeding of the treated groups were continued so that these mice 
maintain normal glycemic condition, if otherwise not affected by the samples. A close 
range of blood glucose level in control as well as all the experimental mice (Table 1) 
suggests that even neem extract and azadirachtin, known for their hypoglycemic actions 
in diabetic animals [2], do not alter normal glucose homeostasis in non-pathogenic 
mice. On overall pattern, it is true for Fischerella isolated from neem also. Although a 
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transitory small decline in blood glucose level at 2nd and 12th h, due to the treatment 
with azadirachtin and neem colonized Fischerella respectively, is observed, it is not 
sufficient to ascribe hypoglycemic effects of these samples in normal mice. 

 

 
 

Figure 3. Activity profile (A) and expression pattern of LDH (B) in the liver of control mice and 
those fed with the Fischerella sp. isolated from neem and jamun barks up to 7 days. Mean ± SD 
from 3-4 animals has been presented in A. *p< 0.001 (control vs experimental group). B 
represents the results of 30µg protein run on 10% non-denaturing PAGE in each lane 

 
While correlating blood glucose levels with LDH profiles, in case of untreated mice 

(Figure 1, control line), increased enzyme activity at 6th and 12th h from a minimum 
value at 2nd h, shows an inverse relationship with a slight decrease in blood glucose 
(Table1, control values), and thus, indicates for a normal circadian pattern of glucose 
metabolism in mice liver. However, this pattern is not maintained in mice fed with all 
the experimental samples. Significant bi-phasic increase in liver LDH activity (Figure 
1) in these groups do not correlate with the subtle changes in blood glucose levels.  

Inverse relationship between the increased blood glucose level and tissue LDH 
activity has been reported in diabetic animal models [9,11]. Although, a transitory 
decline in blood glucose level in mice fed with azadirachtin and neem colonized 
Fischerella (Table 1) coincides with the significant increase in liver LDH activities at 
corresponding time points (Figure 1), none of these samples could cause uniform 
inverse relationship between blood glucose and liver LDH profiles. Therefore, it is hard 
to predict physiological implications of such transitory changes shown by these samples 
until further studies are made on pathogenic models. Nevertheless, bi-phasic significant 
increase in liver LDH activity between 2-24 h due to the treatment with azadirachtin 
and neem colonized Fischerella is uniformly evident. Thus, suggesting that irrespective 
of the subtle changes in blood glucose level, like neem extract and azadirachtin, 
Fischerella colonizing neem also shows strong LDH modulating activity in mice liver. 

Changes in the enzyme activities are generally contributed either by interaction of an 
effecter to the enzyme or due to the changes in its expression. It has been demonstrated 
that mobility of M4-LDH gets retarded on gel electrophoresis if bound to some organic 
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compounds [16]. According to Figure 2, M4-LDH from control as well as treated mice 
shows similar mobility, and thus, rule out the possibility of binding of an effecter to any 
of the enzyme samples. On the other hand, LDH genes bear inducible promoters [29] 
and have been found expressed differentially under a variety of conditions [9,10,14,30]. 
Therefore, increased expression of M4-LDH from 2 to 24 h in case of control mice and 
its differential pattern due to the treatment with all the samples seem to contribute for 
the corresponding changes in the enzyme activities. Likewise, ~3-4 times high 
expression of M4-LDH throughout the treatment, in case of mice fed with Fischerella 
isolated from neem, suggests preferential increase in the synthesis of LDH due to the 
treatment with the epiphytic cyanobacterium. The argument is further supported from 
Figure 3 A & B, wherein, as compared to Fischerella isolated from jamun, neem 
colonized Fischerella, when fed up to a week, not only increased the abundance of M4-
LDH but also induced the expression of other H-subunit containing isozymes in mice 
liver. This also suggests that LDH modulating activity of epiphytic Fischerella is niche 
specific. 

Furthermore, such changes in LDH isozymes are considered the most reliable 
biochemical markers for glucose metabolizing status of a tissue under a variety of 
conditions [9,10,14,15,30]. Therefore, increased activity and expression of M4-LDH in 
mice fed with neem colonized Fischerella (Figure 2,3) seem to reflect for the glucose 
metabolizing potential of the epiphytic cyanobacterium in mice. 

Feeding red algal biomass has been reported to alter serum cholesterol and 
triglycerides in birds [18]. However, such studies are scanty on mammals. Particularly, 
little is known about habitat specific bioactivity of the cyanobacteria. This article, the 
first study of such a kind, reports on the biochemical basis of the bioactivity (LDH 
modulating action) of a Fischerella sp. colonizing neem bark. At present, it is difficult to 
explain the role of neem in LDH modulating activity of Fischerella. Nevertheless, it is 
evident that like neem and azadirachtin (one of the neem products), Fischerella 
inhabiting neem bark also possesses LDH modulating properties in mice liver, and thus, 
appears to be a potential target for further studies on its physiological and medicinal 
implications in pathogenic animal models. Keeping into account of the appreciable 
changes in the expression of M4-LDH due to the treatment with the experimental 
samples, the present findings also provide a bioassay-guided tool for screening and 
isolation of bioactive factors, affecting glucose metabolism, from the 
cyanobacteria/other microorganisms inhabiting diverse habitats.  
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