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ABSTRACT 

Diabetes mellitus (DM) is a syndrome characterised by hyperglycemia and impaired carbohydrate, fat and protein metabolism due to insufficient 
action of insulin. Increased reactive oxygen production, decreased chemotaxis and phagocytosis, altered opsonization by complement 3 (C3) and 
Immunoglobulin G (IgG) alters phagocytosis. T and B lymphocyte proliferation are found to be impaired in DM patients. Phagocytic index (PI), 
serum opsonization, T and B cell proliferation have been studied to evaluate effect of herbal medicine in DM patients. The study cohort included 111 
type 2 DM patients with elevated HBA1c grouped as uncontrolled diabetes on antihyperglycaemics (51), diabetes under control with 
antihyperglycaemics (30), diabetes under control receiving herbal preparations (30). An age and sex matched control group without DM (30) was 
included. Whole serum opsonisation (PI WBO), IgG (PI IgG), C3 (PI C3) opsonisation, PI, proliferation of T and B cells were assessed. Results suggest 
that neutrophil functions are decreased in uncontrolled DM patients with decreased PI WBO, PI C3, PI IgG and T and B cell proliferation rate  when 
compared to healthy controls suggesting that the neutrophil functions and innate immunity in these patients is reduced. In DM patients treated with 
anti hyperglycaemics and herbal preparations PI and B and T cell proliferation was restored. It was seen that the restoration was much more 
significant in patients receiving herbal preparations for blood glucose control. The study suggests that herbal preparations can act against altered 
neutrophil function, which may play a causative role in atherogenesis and atheroprogression and points out the potential importance of modulating 
neutrophilic and immune response as part of improved strategy for DM associated complications. 

Key words: Diabetes mellitus, Herbal preparations, Immunomodulation, Innate immunity, T and B cell proliferation.

INTRODUCTION 

Diabetes mellitus (DM) is a syndrome characterised by 
hyperglycemia and impaired carbohydrate, fat and protein 
metabolism due to insufficient action of insulin. It has been reported 
that oxidative stress contributes to cardiovascular complications 
and disease progression in DM patients predisposed by micro and 
macro vascular complications of DM1

.  It is known that the immune 
system is especially vulnerable to oxidative stress. Neutrophils  
produce reactive oxygen species (ROS) during respiratory burst as a 
defense against invading pathogens. Neutrophils from diabetic 
patients with high blood glucose show increased reactive oxygen 
metabolite production that may cause cell and tissue damage and 
also demonstrated subnormal activity in chemotaxis and 
phagocytosis. Several lines of evidence have suggested that 
impairment of phagocytic function of monocytes/macrophages 
contributes, at least in part, to the impaired resistance to infection in 
diabetes. Neutrophils represent a major mechanism of innate 
immunity and inflammation and can play a pivotal role in human 
atherosclerosis in DM led ischaemic heart disease (IHD)2.  

One of the other causes of atherosclerosis and IHD is reduced 
resorption of atherosclerotic plaques due to phagocytic dysfunction3. 

Chronic inflammation involves neutrophil dysfunctions and recent 
studies have revealed that atherosclerosis has several similarities to 
chronic inflammation.  Atherosclerosis is a dynamic disease process 
that initiates and progresses under the influence of complex 
interactions of highly specialized cells including macrophages and 
also the T lymphocytes4. Findings also suggest that neutrophils  from 
DM patients show opsonisation impairment (Complement 3-C3 and 
Immunoglobulin G-IgG)5, decreased chemotaxis increased ROS that 
may cause cell and tissue damage decreased neutrophils phagocytic 
activity6 which contributes to increased progression of 
atherosclerosis and  IHD7. 

Different types of circulating immune cells, especially T lymphocytes 
are subjected to glucolipotoxicity due to chronic exposure to higher 
glucose8. The mitogenic lymphocyte proliferation  in diabetic rats  is 
seen to be decreased. Alterations in lymphocytes are a common 
finding in both type I and type II diabetes. Since activation of T 
lymphocytes plays a pivotal role in initiating immune response and 
cell-mediated cytotoxic activity, inhibition of lymphocyte activation 
by diabetic state could evoke a clinically relevant 
immunosuppressive effect9. Common hypertensive drugs cause  

 

elevation in cell calcium, which reduces cell proliferation, mainly B 
cell proliferation along with neutrophils phagocytic function10.  

Moreover atherosclerosis leading to IHD being a chronic 
inflammatory disorder of the vessel wall, defective immune 
responses influence disease progression11. 

Since the dawn of civilization herbal products have been used to 
maintain human health and as remedies for various diseases in 
several parts of the world. In recent years, there has been growing 
interest in complementary and alternative medicine. India has a rich 
history in traditional herbal medicine. Many herbal therapies have 
the potential of improving quality of life. Herbal therapies may be 
considered in the management of several diseases12. Various herbal 
formulations may modulate the cells involved in the immune 
response, including lymphocytes and monocytes. Many primary and 
secondary metabolites of plants have been described as able to 
interfere in the functioning of the immune system 13. 

Herbal medicine is increasingly gaining greater acceptance due to 
greater advances in the understanding of the mechanisms by which 
herbs positively influence health and quality of life. Evaluation of 
herbal drugs for that could ameliorate immune dysfunction in DM 
patients is required with this aim we studied the phagocytic index of 
neutrophils, serum opsonisation capacity, T and B cell proliferation 
in DM  patients and the influence of herbal preparations on the 
same.  

MATERIALS AND METHODS 

This prospective cohort study included 111 type 2 DM patients, 
Patients visiting on an outpatient basis at Tanvi Medical Center and 
Yenepoya Hospital, Mangalore, Karnataka, India were recruited for 
the study after obtaining their consent. All patients had normal lipid 
profile. (Total Cholesterol 183±26.8, LDL Cholesterol 110.4±16.8 and 
Triglycerides 167.3 ± 48.2). The duration of the diabetes ranged from 
3 to 7 years.  ECG reports and other clinical data and were collected 
for each patient  The study was conducted after obtaining approval 
by the Ethics Committee. 

The patients were classified into three groups. Blood glucose and 
glycated haemoglobin (HbAlc) were taken into consideration when 
grouping. All the recruited patients had normal lipid profile, were on 
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antihypertensives and were not taking any lipid lowering drugs. 
Exclusion criteria were known malignancies, surgeries in previous 
month, other existing chronic and acute diseases, severe 
hypertension, stroke, significant valvular disease, renal failure. 
Control subjects were age and gender matched. 

Group 1 consisted of 51 patients with uncontrolled diabetes  on  
antihyperglycaemics. 

Group 2 consisted of 30 patients whose diabetes was under control 
with antihyperglycaemics. 

Group 3 consisted of 30 patients whose diabetes was under control 
receiving herbal preparations consisting of seeds of Syzygium cumini, 
Trigonella foenum-graecum, Curcuma longa as the main ingredients.  

Group 4 consisted of 30 healthy subjects with no history of DM and 
with normal fasting blood glucose and HBA1c values. This group 
served as control. 

Chemicals and reagents  

Concanavalin A (Con A), Lipopolysaccharide (LPS), 3- (4, 5-
dimethylthiazol 2-yl)-2,5 Diphenyltetrazolium bromide (MTT), 
Sodium dodecyl sulfate  

Sample Collection and Data Collection: 

Venous blood (4 ml each) was collected from the patients in 
appropriate vacutainers, with and without anticoagulants. Samples 
were immediately transferred to the laboratory and were processed 
within 6 hours. Opsonization capacity, phagocytic index, T and B cell 
proliferation was measured through laboratory experiments. Blood 
glucose, HbAlc15 and lipid profile assays were performed in all 
patients. 

Separation of neutrophils for evaluation of phagocytic capacity: 

Neutrophils were isolated by a method modified from Boyum15. 

Venous blood samples from the subjects was drawn into heparinized 
syringes and settled by gravity in 6% dextran (mol. wt. 70,000; Hi 
media chemicals, India) in normal saline (1:3). The leucocyte-rich 
plasma was withdrawn and centrifuged at 160g for 10 minutes. The 
pellet was re-suspended in Eagle's minimal medium; 6 ml of the cell 
suspension was carefully layered onto 3 ml of Ficoll-Paque (Hi media 
chemicals, India) and centrifuged at 160 g for 35 minutes. 
Mononuclear cells of the interface were removed. Residual 
erythrocytes in the pellet were lysed with ice-cold NH4 Cl (0.87% in 
sterile water). After centrifugation at 160 g for 5 minutes, 
neutrophils were washed twice with Hanks balanced salt solution 
(HBSS). Number of neutrophils were adjusted to a final suspension 
such that 1ml contains 5x106 neutrophils. 

Neutrophil Phagocytosis: 

For phagocytosis to take place add, to the separated neutrophils in 
phosphate buffered saline (PBS) + Bovine serum albumin (BSA) 
mixture, bacteria opsonised with complete serum, serum without 
IgG , serum  without C3   as well as non opsonised bacteria  in the 
ratio of 1:9. Incubate at 37°C for 30 minutes. Two smears were 
prepared and stained with Lieshman's stain and the number of 
bacteria engulfed by 200 neutrophils16 were counted under a 100x  
microscope for phagocytosis.  

Preparation of the bacteria was done as follows. Staphylococcus 
aureus was grown in nutrient agar under standard conditions and 
the suspension was washed in HBSS at pH 7.2 containing 0.1M 
mercaptoethanol, then diluted in HBSS and adjusted to the required 
quantity. Neutrophils and bacteria in the ratio of 1:9 was used to 
study opsonisation and phagocytic activity. The stock was stored for 
all experiments17. Opsonisation by IgG of the organism was done by 
inactivation of complement C3 as explained by Jan kallman et 
al18.Opsonisation of the organism with C3  of the serum was done 
with salt chelating of IgG with a method slightly modified from the 
method previously mentioned19. Autologous serum was used in all 
experiments. S. aureus cells were centrifuged at 1200 rpm washed 
with PBS and then incubated with 500 µl of whole serum for 
evaluation of PI with serum opsonised bacteria (PI- WBO), 500 µl 
serum without IgG19 for   evaluation of PI with C3 opsonised bacteria 

(PI- C3) and 500 µl serum without C318 for  evaluation of PI with IgG 
opsonised bacteria (PI-IgG). Kept at 37°C for 45 minutes with 
shaking. The cells were then centrifuged, pellets were washed and 
reconstituted in PBS. 

Phagocytic capacity of the neutrophils was evaluated as PI calculated 
as follows:  Phagocytic Capacity that is number of 
bacteria/Neutrophil, Phagocytic % which is %age of Neutrophils 
having phagocytic capacity and the PI  which is the  Phagocytic 
capacity times the  Phagocytic % divided by 100. PI  reveals the 
phagocytic function of the neutrophils.  

T and B lymphocyte proliferation in response to mitogens in 48 
hours lymphocyte culture:  

Lymphocytes were separated by commercially available lymphocyte 
separation media (Hisep from Hi media, India) based on the 
principle of density gradient.  

In order to study the T and B lymphocyte proliferation two specific 
mitogens Con A and LPS were used respectively. Cell proliferation 
assays were performed with 20µg Con A /mL  and 100µg LPS/mL 
added to the cell cultures of lymphocytes  at the beginning of the 
incubation period 20. 5×105 lymphocytes were obtained and re-
suspended in 200µL of RPMI-1640 medium mixed with 10% fetal 
calf serum, containing 5.6mM glucose, 2.0mM glutamine, and 
antibiotics (streptomycin 100 units/ml and penicillin 200 units/ml). 
Cells were then incubated in the 96-well plate at 37° C with 5% CO2 
for 48 hours.  

MTT assay for cell proliferation  

Cell proliferation was measured by the MTT assay. At the end of 44 
hours of incubation of lymphocytes, 15µL MTT reagent (5mg/ml) 
was added. After 4 hours of incubation at 37°C, 150µL of 2% SDS 
solution was added into each well to dissolve the tetrazolium 
crystals. Following overnight incubation, the absorbance at 570nm 
was recorded in a microplate reader which is proportional to the 
rate of lymphocyte proliferation in vitro21. 

Statistical analysis 

The data were analyzed by using Graph Pad Prism for Windows. The 
significance of differences was calculated by using one-way analysis 
of variance (ANOVA) followed by Tukey Kramer procedure for 
multiple comparisons. P value < 0.0001 was considered very highly 
significant (vhs), P < 0.001 was considered highly significant (hs) 
and  P < 0.01was considered significant (sig). 

RESULTS 

The results are depicted as mean ± SD. Fasting blood glucose and 
HBA1c levels in the groups are given in Table 1 and PI, T and B cell 
proliferation in Table II. The statistical analysis is given in the 
graphs. When the difference between the groups differed with P 
value < 0.0001 the significance was referred to as very highly 
significant (vhs). When the difference between the groups differed 
with P value < 0.001 significance was referred to as highly significant 
(hs) when the difference between the groups differed with P value < 
0.01 significance was referred to as significant (sig). The results of 
the study groups (Groups 1, 2 and 3) were compared with the 
control group also the study groups were compared with each other.  

TABLE 1 SHOWS STUDY GROUPS WITH  PARAMETERS - HBA1C, 
FBS 

 No. of 
patients 

HBA1c % Fasting 
glucose mg/dl 

Group 1- uncontrolled 
diabetes 

51 11.37±2.63 219.49± 64.6 
 

Group 2- diabetes  
controlled with anti- 

hyperglycaemics 

30 5.9±0.82 105.7±20.2 

Group 3 - diabetes  
controlled with herbal 

preparations 

30 5.5±0.82 94.6±21.2 

Group 4- Healthy 
controls 

30 4.8±0.7 110.09±17.67 
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TABLE 2 SHOWS STUDY GROUPS WITH  PARAMETERS PI,  T AND B CELL  PROLIFERATION 
  

Groups PI T cell 
proliferation 

B cell 
proliferation 

NO WBO C3 O IgG O   
Group 1- uncontrolled diabetes   0.33±0.16 2.08±0.79 1.08±0.33 1.11±0.56 0.15±0.02 0.08±0.007 
Group 2- diabetes  controlled with anti- 
hyperglycaemics 

1.04±0.27 
 

4.94±0.86 2.33±0.73 2.58±0.60 0.54±0.16 0.09±0.03 

Group 3 - diabetes  controlled with herbal 
preparations 

1.16±0.42 5.80±0.58 2.98±0.76 2.60±1.08 0.86±0.25 0.13±0.02 

Group 4- Healthy controls 1.17±0.41 6.04±1.26 2.93±1.15 2.68±1.02 0.91±0.25 0.13±0.04 
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Figure 1 PI ( NO) of the study  groups

 Values expressed as Mean ± SD  in each group

1,*,a < 0.0001 vhs compared to group 2,

 group 3 & control group 4 respectively

.Groups 2 and 3 do not differ significantly

No significant change seen in groups 2 and 3

when compared to control  group 4
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PI (NO) - Figure 1 

Phagocytic index of the  neutrophils  without the influence of 
opsonins -PI (NO) - Figure 1 

In group 1 when non opsonised bacteria was used to study the PI, PI 
decreased very highly significantly while compared to control 
subjects (p value >0.0001). There was no statistical difference 
between groups 2 and 3 when compared to control subjects. The PI 
in group 1 was very highly significantly lowered when compared to 
both groups 2 and 3 (p value >0.0001).  Results suggest that 
neutrophil functions are decreased in uncontrolled DM patients.  No 
statistical difference in PI between groups 2 and 3 was seen. 

Phagocytic index of the neutrophils with the influence of 
opsonins present in the serum, PI (WBO) - Figure 2, PI (C3) - 
Figure 3, PI (IgG) - Figure 4 
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Figure 2. PI ( WBO) of the study  groups

 Values expressed as Mean ± SD  in each group

1,*,a < 0.0001 vhs compared to group 2,

 group 3 & control group 4 respectively.

**.< 0.001 hs compared to group 3

No significant change between group 3 and

control group 4
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PI (WBO) - Figure 2 

Further  to understand whether neutrophil function itself is 
decreased or whether phagocytic capacity is decreased due to the 
defect in opsonization, bacteria that was used to study the    PI was  

 

opsonised with autologus serum. Results reveal that, in groups 1 and 
2, PI (WBO) decreased with very highly significant difference, when 
compared to control subjects. There was no statistically significant 
difference in the values of PI (WBO) when group 3 was compared to 
control group. On comparison of group 1 with groups 2 and 3, in 
both the cases a very highly significant decrease in PI (WBO) (p 
value < 0.0001) was seen. Group 2 has a decreased PI (WBO) (  p 
value < 0.01) when compared to group 3.  

Figure 3. PI (C 3) of the study  groups

 Values expressed as Mean ± SD  in each group

1,*,a < 0.0001 vhs compared to group 2,

 group 3 & control group 4 respectively.

**.< 0.001 hs compared to group 3

b.< 0.01 sig compared to group 4

No significant change between group 3 and

control group 4
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PI (C3) – Figure 3 

Further with a aim to understand the whether it is the C3 opsonin is 
defective, the bacteria that was used to study the PI was opsonised 
with IgG depleted serum.  Results reveal that,  in groups 1 and 2  PI 
(C3)  decreased with very  highly significant difference (p value 
>0.0001),  and  significant difference (p value >0.01)  when 
compared to control subjects.  There was no statistical difference 
between group 3 and control group. On comparison of group 1 with 
groups 2 and group 3 a very highly significantly decreased (p value 
>0.0001) in PI (C3) was seen. Group 2 has a decreased PI (C3) ( p 
value < 0.001) when compared to group 3 . 

Figure 4. PI (IgG) of the study  groups

 Values expressed as Mean ± SD  in each group

1,*,a < 0.0001 vhs compared to group 2,

 group 3 & control group 4 respectively.

.Groups 2 and 3 do not differ significantly

No significant change seen in groups 2 and 3

when compared to control  group 4

P
I 
(I

g
 G

)

G
ro

up 1

G
ro

up 2

G
ro

up 3

G
ro

up 4

0

1

2

3

4

1,*,a

 



D'souza et al. 
Asian J Pharm Clin Res, Vol 5, Issue 2, 2012, 36-41 

 

39 
 

PI (IgG) – Figure 4 

Further with an aim to understand whether it is the IgG  opsonin that  
is defective, bacteria that was used to study the PI was opsonised 
with C3 inactivated  serum.  In group 1 PI (IgG)  decreased  with very 
highly significant difference (p value >0.0001) compared to control 
subjects and when compared to group 2 and group 3. In groups 2 
and 3 PI (IgG) was not statistically different than the control group. 
The PI (IgG) values were similar in group 2 and 3. 

The results are suggestive that the opsonisation capacity has been 
decreased in uncontrolled DM patients and also DM patients who are 
on anti hypergycelmic drugs. Only opsonisation by IgG is similar in 
patients receiving anti hyp[ergycemic drugs and  herbal preparation 
for blood glucose control  

T and B cell proliferation in response to mitogens -Figures 5 & 6 
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T cell proliferation – Figure 5 

T cell proliferation rate was decreased (p value >0.0001) in both 
groups 1 and 2 when compared to control group. There was no 
statistical difference between group 3 and control group 4. On 
comparison of group 1 with groups 2 and 3, group 1 showed a very 
highly significant decrease (p value >0.0001) in T cell proliferation 
rate.  Values differed between groups 2 and 3 and in group 2 the T 
cell proliferation rate was lesser  were compared to group 3  (p value 
>0.0001). 

 

Figure 6.. B cell proliferation in response to LPS of the study  groups

 Values expressed as Mean ± SD  in each group

*, a < 0.0001 vhs compared to  group 3 &

control group 4 respectively

Groups 1 and 2 do not differ significantly

No significant change between group 3

and  group 4 was observed
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B cell proliferation – Figure 6 

B cell proliferation rate was decreased (p value >0.0001) in both 
groups 1 and 2 when compared to control group. There was no 
statistical difference between group 3 and control group 4. On 
comparison of group 1 and group 2 with group 3, group 1  and 2 
showed decreased B cell proliferation rates  (p value >0.0001 )    

DISCUSSION 

The present investigation suggests decreased neutrophil phagocytic 
capacity in type 2 DM patients when compared to control subjects. PI 
(NO), PI (WBO), PI (C3) and PI (IgG) are found to be greatly 
decreased in group 1 patients whose diabetes was not under control 
. In DM patients whose  blood glucose is controlled phagocytic 
capacity of neutrophils is   ameliorated suggesting that  PI is 
dependent on mean glucose value in the blood 22. In group 2 patients 
whose diabetes was under control with antihyperglycaemics the PI 
(NO), PI (WBO), PI (C3) and PI (IgG) was found to be lowered as 
compared to controls but was more than that of group 1 patients. In 
group 3 patients whose diabetes was under control using herbal 
preparations the PI(NO), PI (WBO), and PI (C3)  was almost as 
similar as the control group suggesting that the herbal preparations 
were exerting a therapeutic effect on the innate immune system 
thereby ameliorating the  phagocytic functions of the neutrophils 
and the serum opsonization capacity,  additionally T and B cell 
proliferation rate which was lowered in groups 1 and 2 when 
compared to healthy controls was increased in group 3 suggesting 
that the innate immunity in patients treated with  herbal preparation  
is enhanced.  

Neutrophils play an essential role in the host inflammatory response. 
In diabetic patients chemotactic activity of neutrophils is 
significantly lower than in the cells from healthy controls leading to a 
decrease in PI23, decreased bactericidal activity24 and impairment of 
phagocytosis 25. DM lead oxidative stress affects the neutrophils 
functions, oxidative stress causes lipid peroxidation and alters the 
structure of cell membrane lipids, and this depresses phagocytosis 
and cell viability2. Patients with DM also display significant 
increment in the basal levels of calcium in neutrophils which is 
associated with marked impairment in their phagocytosis26. One of 
the commonest complication in DM are atherosclerotic lesions which 
are characterized by the presence of a large number of macrophages, 
proper phagocytic function is required. Improper removal of these 
macrophages from the tissue results in necrosis which causes 
adverse inflammatory reaction and severe complications such as 
plaque rupture and thrombosis. This effect could be due to the 
dysfunction of the macrophages of atherosclerotic tissue wherein 
they become less efficient phagocytes27.   Even though C3 and IgG 
levels are higher in DM patients 28, enhanced PI is not observed, this 
may be due to the decreased activity of the neutrophils itself. The 
decrease in the overall opsonization capacity in  DM patients may be 
due to gylcosylation of the opsonins 29.   

Proliferation of lymphocytes which is impaired in response to 
mitogen could be due to potential increase in basal levels of 
intracellular calcium in the lymphocytes of diabetic patients. Similar 
decrease in proliferation B lymphocytes was reported in other 
clinical conditions such as in chronic renal failure where elevation in 
intracellular calcium of B cells is associated with impairment in their 
proliferation and in antibody production30. Suppression of cellular 
immunity and reduced mitogenic response to several antigens has 
been reported in experimental diabetic animals as well31. In DM 
altered functions of different types of circulating immune cells, T 
lymphocytes and B lymphocytes has also been reported 8, 32. 
Moreover common hypertensive drugs cause elevation in cell 
calcium, which reduces cell proliferation, mainly B cell proliferation, 
along with neutrophil phagocytic function10, 28.   

DM lead oxidative stress is responsible for immune cell 
dysfunctions10. The redox imbalance in DM patients extends to 
circulating lymphocytes, as shown by Rosemari Otton et al33. 
Experimental evidence suggests that antioxidant supplementation 
may reduce oxidative stress in diabetics and thus can modulate 
immune cells34. 
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Increased basal levels of intracellular calcium in the lymphocytes of 
DM patients can lead to decreased response to mitogenic stimuli. 
The antioxidants present in the herbal preparation may be 
responsible in bringing about immune modulation observed in our 
study. Several medicinal plants have been reported to possess strong 
antioxidant activity. The health benefits of these plants are related to 
their antioxidant activity35.  Antioxidants could modulate the 
functions of the neutrophils, their opsonising capacity and T and B 
cell proliferation response. Herbal preparations are said to affect the 
immune reactions through their anti–inflammatory actions. In most 
cases the therapeutic efficiency of these plants may, in part, be 
mediated via their influence on the immune response36. 

This study demonstrated that herbal formulations could re-establish 
the neutrophil functions and the lymphocytes proliferation capacity 
pointing out that they can restore innate immune functions in DM 
patients. This enhancement of immune functions can also decrease 
the risk of IHD. Lower risk for IHD for DM patients taking herbal 
preparations is that they may act against altered PMN function, 
which may play a causative role in atherogenesis and 
atheroprogression and suggests the potential importance of 
modulating neutrophilic and immune response with herbal 
preparations as part of a novel, improved strategy for protecting 
against complication of DM by modulating the immune functions. 
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