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Why serum chemokine levels are raised in insulin resistance  
syndrome: An immune reversal hypothesis 
 
Milind Watve and Sonam Mandani 
 
The adipose tissue is an active endocrine organ which also secretes proinflammatory cytokines and chemokines 
resulting into raised serum levels. Although the pathological role of adipocyte-mediated immune changes in the 
insulin resistance syndrome or metabolic syndrome is being increasingly recognized, its functional signifi-
cance in healthy life remains yet unexplained. We suggest a functional role for adipocyte secretion of 
chemokines based on the behavioural switch hypothesis for the evolutionary origin of insulin resistance. Ac-
cording to this hypothesis, insulin resistance is a physiological adaptation to ‘soldier to diplomat’ transition 
in lifestyle. The ‘soldier’ life is more prone to wounds and injuries. Therefore the immune system should be 
deployed more in the sub-cutaneous tissue. In ‘diplomat’ life, where cutaneous injuries are less likely, the 
immune system could be retracted from the periphery. We suggest here that chemokine secretion by adipo-
cytes is one of the mechanisms of this immune reversal. In a physically active lifestyle, stimulated by minor cu-
taneous injuries, immune cells move towards the periphery under a chemokine gradient formed by the 
chemokine secretion by the injured tissue. A gradient results from the difference between local and basal lev-
els of chemokines. Secretion of these chemokines by adipocytes increases the basal level, thereby weakening 
the gradient. Using diffusion kinetics we show that a small rise in basal levels can cause substantial reduction 
in cell infiltration. This response may have evolved as a mechanism of disinvestment in peripheral immunity 
resulting into an immunological parsimony. 
 
Recent research has compelled some radi-
cal rethinking about the evolution and 
basic biology of the insulin resistance 
syndrome or the metabolic syndrome1. 
Many of the comorbidities of the meta-
bolic syndrome are now known to be due 
to inflammatory changes2–5. There is said 
to be a low-grade systemic inflammation 
and serum levels of various inflamma-
tory cytokines, chemokines and inflam-
matory markers, including TNF-α, IL-
1β, IL-6, IL-8, IL-10, MCP-1, MIP-1α, 
GRO-α, IP-10 and CRP are increased. 
Adipocytes are active secretors of vari-
ous inflammatory and chemotactic cyto-
kines and a substantial portion, if not all, 
of the raised serum levels is contributed 
by the adipose tissue6–10. 
 So far no satisfactory explanation is 
available as to why adipose tissues se-
crete inflammatory chemokines. If this 
property has been consistently shown, it 
must have evolved under some kind of 
selective pressure. Chemokine secretion by 
adipocytes must be adaptive under certain 
sets of conditions, although it is patho-
logical in the context of metabolic syn-
drome.  
 It has been argued repeatedly that in-
sulin resistance evolved as an adaptive 
response under some sets of conditions 
and with the modern lifestyle it is turning 
detrimental1,11. The dominant paradigm 
for over 40 years has been that it evolved 

as a thrifty tendency to cope with the al-
ternating ‘feast and famine’ situation and 
in the modern ‘feast and feast’ scenario, 
it turned pathological. The thriftiness 
family of hypotheses was recently chal-
lenged by Watve and Yajnik1 on several 
grounds. However, they agree with the 
basic tenet that insulin resistance evolved 
as an adaptation and turned pathological 
owing to a changed lifestyle. Watve and 
Yajnik1 further proposed a behavioural 
switch hypothesis which suggests that 
insulin resistance evolved as an adapta-
tion for a ‘soldier to diplomat’ transition 
in behaviour, i.e. a shift from muscle-
dependent to brain-dependent lifestyle. 
 There have been attempts to explain 
the hypercytokinemia under the thrifti-
ness paradigm. It has been interpreted as 
raised level of innate immunity12 and its 
evolution is interpreted as a response to 
increased chances of infection under 
starvation conditions in which the thrifty 
phenotype evolved13. If starvation and 
infection challenges co-occurred during 
the hunter–gatherer life, thrifty genotype 
and infection-resistant genotype may 
have co-evolved. An inherent weakness 
of this explanation is that in obesity or 
insulin resistance there is no evidence of 
increased resistance to infections. The 
raised levels of inflammatory cytokines 
have not been demonstrated to confer in-
creased resistance to infections. On the 

contrary, many specific infections includ-
ing those of the skin are more common 
in diabetic patients14. Other infections 
occur with increased severity and are as-
sociated with an increased risk of com-
plications in patients with obesity and 
diabetes15. Therefore, there appears to be 
an immune imbalance16,17 rather than en-
hanced immunity. 
 The behavioural switch hypothesis at-
tempts to explain the inflammatory changes 
in a different way. In a ‘soldier’ life, the 
risk of getting wounds and injuries is 
substantially greater compared to a ‘diplo-
mat’ life. Therefore, the immune cells 
should move to the periphery, i.e. towards 
the subcutaneous tissue. Whenever there 
is a shift to a diplomat life, the immune 
system should retract from the periphery 
and as a result would be centrally more 
active. This, according to Watve and Ya-
jnik1, results into delayed wound healing 
on the one hand, and increased inflamma-
tory tendency of central organs on the 
other. 
 Can we test the hypothesis? First of 
all, does a negative association or a trade-
off between cutaneous and central immu-
nity exist? If yes, does it change in obesity 
and metabolic syndrome? If yes, what are 
the molecular mechanisms involved? 
 There is some circumstantial evidence 
for trade-off or shift of balance among 
the innate immune mechanisms in obe-
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sity and insulin resistance (Figure 1). Ef-
fective wound healing needs a balance 
between the mechanism of inflammation 
and that of wound healing and closure. 
An enhanced inflammatory reaction im-
pairs wound closure, and premature wound 
closure before getting rid of invading mi-
croorganisms may lead to sepsis. In obe-
sity-related disorders there appears to be 
a shift in this balance against wound 
healing18 and towards inflammation2–10. 
A number of other observations are also 
suggestive of a shift of immune balance. 
There is a negative association between 
atopic allergy and obesity19. Delayed-
type hypersensitivity is also reduced in 
both type-1 and type-2 diabetes20,21, sug-
gesting that at least some of the compo-
nents of the immune system are partially 
retracted from the skin. 
 One of the major players in the im-
mune redistribution is likely to be testos-
terone. Braude et al.22 suggested that 
testosterone may be an immune redis-
tributor rather than an immunosuppressor. 
According to their hypothesis, testosterone 
brings about movement of the immu-
nological garrison to the periphery, since 
testosterone is associated with male ag-
gression and therefore predicts wounds. 
Although there have been hardly any at-
tempts to seriously test the hypothesis of 
Braude et al.22, there is some circumstantial 
evidence in its favour. On the one hand, 
serum testosterone levels are negatively 
associated with serum inflammatory mark-
ers and other components of the meta-
bolic syndrome23,24. Testosterone is shown 
to be protective against inflammatory 
complications of the metabolic syn-
drome24,25. On the other hand, although 
testosterone is generally considered im-
munosuppressive, it is shown to enhance 
inflammation (but not wound healing) of 
cutaneous wounds26–28. Thus the action of 
testosterone on inflammation appears to 
be in opposite directions in the context of 
skin and that of central organs. 
 The peroxisome proliferator activator 
receptors (PPARs) appear to be another 
major class of players in a shift of bal-
ance. PPARs arrest inflammation on the 
one hand29, and enhance wound healing 
and wound closure on the other30,31. Epi-
dermal injuries activate the expression of 
PPARs and especially that of PPAR-β 31. 
Absence of injuries on adopting a diplo-
mat way of life may shift the immune 
balance against healing and towards in-
flammation by arresting PPAR expres-
sion (Figure 1). 

 Sensory nerves and neuropeptides also 
play a significant role in modulating in-
flammation and wound healing32–35. In 
diabetes, there is a progressive degenera-
tion of peripheral nerves36, shifting the 
immune balance further away from the 
skin. 
 The possible trade-off of immunity be-
tween skin and central circulation suggests 
a possible role for chemokine secretion 
by the adipose tissue. Movement of im-
mune cells is under a gradient of chemo-
kines37–40 secreted at the site of injury by 
resident tissue cells. They are locally re-
tained on matrix and cell surface heparan 
sulphate proteoglycans, establishing a 
concentration gradient around the stimu-
lus. Chemokine signalling activates leu-
kocyte integrins, leading to extravasation. 
The magnitude of the gradient is deter-
mined by the difference between the lo-
cal level and the baseline blood level. 
We hypothesize that if the basal levels of 
chemokines are high, the gradient will be 
weak and migration will be downregulated. 
Adipocyte secretion of chemokines in-
creases the basal level and thereby ar-
rests the flow of inflammatory cells 
towards the periphery. Fat accumulation 
is a sign of a lifestyle and behavioural 
change and therefore, it is the right kind 
of tissue to bring about the redistribution 
of the immune system. Diabetes is known 
to reduce late-phase inflammation of 

wounds41 and this may be due to the raised 
basal levels of chemokines. 
 The action of chemoattractants and 
other signalling molecules largely de-
pends upon their environments, and rela-
tive rather than absolute concentrations. 
Increased expression of a signalling mole-
cule need not always mean increased ac-
tion. The local topology of its relative 
concentrations can be of utmost impor-
tance. The effects of local application of 
TNF-α are substantially different from 
those of systemic administration. In a 
mice study, local application of 50–
500 ng of TNF-α in collagen improved 
wound healing, but similar quantity in 
phosphate buffered saline or 75 μg/kg 
intraperitonially did not42. Presumably, 
TNF-α in collagen was able to form a 
stable gradient, whereas that in saline 
dispersed systemically too rapidly and 
systemic TNF-α had no detectable effect. 
 We will now analyse using diffusion 
kinetics, the effects of raised basal 
chemokine levels on the gradient forma-
tion and chemotactic migration of cells. 
If we assume simple diffusion of a chemo-
attractant, gradient formation can be com-
puted using Fick’s law of diffusion43. 
 
 X2 = 4Dt ln(Co/Cxt), 
 
where X is the distance from the origin of 
the chemoattractant, D the diffusion con-

 
 

Figure 1. Schematic representation of the expected shift in immune balance on adopt-
ing a phenotypic transition from ‘soldier’ to ‘diplomat’ life: In ‘soldier’ life the major im-
munological challenges are peripheral wounds and injuries for which the immune 
system should be deployed peripherally. In ‘diplomat’ life where peripheral injuries are 
much unlikely, peripheral immunity would be an unnecessary investment and should be 
retracted. Therefore, a shift in balance is expected from wound healing to inflammation 
and from periphery towards central organs. Possible mediators of this change, namely 
testosterone, PPARs and chemokines are indicated. 
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stant, t the time of diffusion, Co the con-
centration at the origin and Cxt the con-
centration at distance X in time t. 
 It can be seen that the concentration 
gradient thus formed is nonlinear and 
highly concave towards the lower end 
(Figure 2). We assume that there is a 
threshold level of concentration differ-
ence which is necessary for the cells to 
recognize a gradient. A sphere (or hemi-
sphere) of radius equal to the distance 
between the source and the threshold 
forms the ‘catchment volume’ of cell re-
cruitment. The distance between the origin 
and threshold concentration will be the 
radius of this hemisphere. Therefore, the 
catchment volume will rise in cubic pro-
portion of X. A larger catchment volume 
will result in greater infiltration of cells. 
 The threshold difference must depend 
upon the basal levels of the chemoattrac-
tant. If the basal levels rise, the threshold 
for chemotaxis should also increase. The 
concave nature of the concentration gra-
dient results into a nonlinear reduction in 
the catchment volume, such that when 
the threshold is small even a little incre- 
  

 

 
 

Figure 2. Decreasing concentration of a 
chemoattractant from the point of origin 
assuming Fick’s law of diffusion (both dis-
tance and concentration in arbitrary 
units).  

 

 
 

Figure 3. Decrease in the catchment 
area with increasing threshold assuming 
diffusion kinetics as in Figure 2. The 
source concentration is assumed to be a 
thousand fold compared to the minimum 
possible threshold. 

ment in it can cause a large decrement in 
the catchment. But when the threshold is 
high, a large change is required to cause 
the same decrement in the catchment 
(Figure 3). 
 Data on normal and obesity-induced 
levels of TNF-α, IL-6 and MCP1 show 
that there can be a two- to tenfold rise in 
their basal levels in obesity10,44. For ex-
ample, Bastard et al.44 found that the 
mean levels of TNF-α in obese patients 
(1.48 ± 0.15 pg/ml) were about double 
the mean for lean controls (0.74 ± 
0.09 pg/ml). Those for IL-6 were 0.39 ± 
0.06 pg/ml for lean controls and 3.58 ± 0.51 
pg/ml for obese diabetic patients. Data 
on their concentrations at the point of 
origin (Co of the above model) are diffi-
cult to obtain, but there are indications 
that the difference could be of many or-
ders of magnitude compared to the healthy 
basal levels42. Assuming a thousand-fold 
difference between the source and thresh-
old concentrations, we take the healthy 
basal level as 1 arbitrary unit and the 
source concentration as 1000 units. We 
further assume that the threshold differ-
ence is directly proportional to the basal 
level, with a proportionality constant of 
unity. With these assumptions, if the 
threshold levels are raised to 2 or 10 
units, the model computes that there 
would be about 15 and 45% reduction in 
cell infiltration respectively. Therefore, a 
small cost of raising the blood levels of 
chemokines can save a much greater in-
vestment in peripheral immunity. Raising 
the basal levels of chemokines can result 
in immunological parsimony. 
 Two other changes associated with 
obesity and type-2 diabetes also seem to 
work in the same direction. There is a 
reduction in chemokine production by 
tissue macrophages45–47. If there is reduc-
tion in local chemokine secretion at the 
site of injury, it would weaken the gradi-
ent from the distal end also. There is also 
an increase in the level of soluble recep-
tors of some of the cytokines48, which is 
expected to interfere further in signal-
ling. All these changes together appear to 
make a concerted effort to reduce migra-
tion of cells involved in innate immunity. 
 Thus the raised levels of chemokines 
and pro-inflammatory cytokines may ac-
tually reduce the effect of chemokine ac-
tion, rather than enhancing it. TNF-α is 
often taken as an inducer of insulin resis-
tance. If this were the case, impairment 
of TNF signalling should have a protec-
tive effect. However, TNF-α receptor 

knockout mice have been shown to be 
more susceptible to obesity-induced dia-
betes49, indicating that TNF-α action may 
actually protect against diabetes. The in-
creased basal levels of TNF-α during 
obesity may reduce its protective effect 
rather than enhancing it. 
 Compatible with the hypothesis are the 
observations that the total monocyte 
count in blood goes up in a number of 
obesity and diabetic complications50,51, 
whereas macrophage density in peripheral 
tissues decreases47. Total leukocyte count 
as well as neutrophile count in blood is 
also positively associated with diabetic 
micro- and macrovascular complica-
tions52,53. Reduced migration of both 
monocytes and neutrophils is likely to be 
responsible for this. Leukocyte chemo-
taxis is demonstrably down-reguated in 
both type-1 and type-2 diabetes54,55. A 
number of mechanisms are likely to be in-
volved in the altered cell migration, 
raised basal levels of chemoattractants 
being one of them. 
 A sedentary lifestyle devoid of physi-
cal activity and physical aggression cre-
ates a condition in which peripheral 
injuries are less likely. Obesity is preva-
lent under similar lifestyle. Therefore, 
the appropriate tissue to signal an immune 
reversal response to a non-aggressive sed-
entary lifestyle would be the adipose tis-
sue. However, this change may have 
associated hazards. The basal levels of 
chemokines cannot be expected to be 
stable. They will be subject to stochastic 
spatiotemporal fluctuations. The fluctua-
tions are bound to increase in amplitude 
with rising basal levels. A stochastic 
peak exceeding the threshold can result 
into a non-specific inflammatory trigger. 
This is a chance event that can occur 
anywhere in the body at any time. There-
fore, raised basal levels can result in sto-
chastic inflammatory responses that can 
turn pathological. The modern urban 
lifestyle is much more sedentary and 
much less injury-prone compared to the 
conditions in which we evolved. It is 
possible therefore, that this lifestyle acts as 
a supernormal stimulus for immune re-
versal. An exaggerated immune reversal 
can lead to pathological consequences. 
 There are three possible lines of work 
by which the hypothesis can be tested. 
First, in animal models, it should be pos-
sible to test experimentally whether rais-
ing basal blood levels of chemokines by 
infusion decreases infiltration of immune 
cells to an experimental wound. This can 



HYPOTHESIS 
 

CURRENT SCIENCE, VOL. 95, NO. 2, 25 JULY 2008 174 

be the most direct test of the hypothesis. 
As a long-term consequence of the al-
tered basal levels, the distribution of 
immune cells in the body, mainly macro-
phages, is likely to change in obesity and 
related disorders. By appropriate label-
ling of macrophages followed by a whole-
body scan, one could test in animal mod-
els whether the distribution of macro-
phages and other immune cells is different 
in healthy versus obese insulin-resistant 
individuals. Also, on an epidemiological 
scale, it can be tested whether continued 
long-term exposure to minor cutaneous 
injuries is protective against obesity-
induced insulin resistance and the ac-
companying inflammatory complications. 
There is already some evidence that mi-
nor cutaneous injuries and skin stimuli 
resulting from diverse causes such as in-
sect bites, bee-stings or acupuncture have 
systemic anti-inflammatory effects56,57. If 
the hypothesis stands rigorous testing, it 
can potentially bring about a paradigm 
shift in the basic biology as well as pre-
vention, control and treatment of obesity-
related disorders. Arresting immune re-
versal and redirecting the innate immune 
system to the periphery using sensory, 
behavioural and biochemical stimuli may 
turn out to be a useful strategy in the 
treatment, and possibly reversal of insu-
lin resistance syndrome. 

0  

1. Watve, M. G. and Yajnik, C. J., BMC 
Evol. Biol., 2007, 7, 61. 

2. Tracy, R. P., Circulation, 1998, 97, 2000–
2002. 

3. Andersson, S. E., Edvinsson, M. L. and 
Edvinsson, L., Clin. Sci., 2003, 105, 
699–707. 

4. Libby, P., Ridker, P. M. and Maseri, A., 
Circulation, 2002, 105, 1135–1143. 

5. Festa, A. et al., Circulation, 2000, 102, 
42–47. 

6. Berg, A. H. and Scherer, P. E., Circ. 
Res., 2005, 96, 939–949. 

7. Lyon, C. J., Law, R. E. and Hsueh, W. 
A., Endocrinology, 2003, 144, 2195–
2200. 

8. Trayhorn, P. and Wood, I. S., Br. J. 
Nutr., 2004, 92, 347–355. 

9. Wellen, K. E. and Hotamisligil, G. S., J. 
Clin. Invest., 2005, 115, 1111–1119. 

10. Sartipy, P. and Loskutoff, D. J., Proc. 
Natl. Acad. Sci. USA, 2003, 100, 7265–
7270. 

11. Neel, J. V., Am. J. Hum. Genet., 1962, 
14, 353–362. 

12. Pickup, J. C., Diabetes Care, 2004, 27, 
813–823. 

13. Fernandez-Real, J. M. and Ricart, W., 
Diabetologia, 1999, 42, 1367–1374. 

14. Dogra, S., Kumar, B., Bhansali, A. and 
Chakraborti, A., Int. J. Dermatol., 2002, 
41, 647–651. 

15. Joshi, N., Caputo, G. M. Weitekamp, M. 
R. and Karchmer, A. W., New England J. 
Med., 1999, 341, 1906–1912. 

16. Alexandraki, K., Piperi, C., Kalofoutis, C., 
Singh, J., Alaveras, A. and Kalofoutis, A., 
Ann. NY Acad. Sci., 2006, 1084, 89–117. 

17. You, T. and Nicklas, B. J., Curr. Diabet. 
Rev., 2006, 2, 29–37. 

18. Morain, W. D. and Colen, L. B., Clin. 
Plast. Surg., 1990, 17, 493–501. 

19. Violante, R., del Río Navarro, B. E., 
Berber, A., Chanona, N. R., Bacab, M. 
B. and Monge, J. J. L. S., Revista Alergia 
México, 2005, 52, 141–145. 

20. Plouffe, J. F., Silva Jr, J., Fekety, R. and 
Allen, J. L., Infect. Immun., 1978, 21, 
425–429. 

21. Diepersloot, R. J. A., Bouter, K. P., Beyer, 
W. E. P., Hoekstra, J. B. L. and Masurel, 
N., Diabetologia, 1987, 30, 397–401. 

22. Braude, S., Tang-Martinez, Z. and Taylor, 
G. T., Behav. Ecol., 1998, 10, 345–350. 

23. Laaksonen, D. et al., Eur. J. Endocrinol., 
2003, 149, 601–608. 

24. Muller, M., Grobbee, D. E., Tonkelaar, I. 
D., Lamberts, S. W. J. and van der 
Schouw, Y. T., J. Clin. Endocrinol. Met., 
2005, 90, 2618–2623. 

25. Malkin, C. J., Pugh, P. J., Jones, R. D., 
Jones, T. H. and Channer, K. S., J. En-
docrinol., 2003, 178, 373–380. 

26. Ashcroft, G. S. and Mills, S. J., J. Clin. 
Invest., 2002, 110, 615–624. 

27. Gilliver, S. C., Wu, F. and Ashcroft, G. S., 
Thromb. Haemostasis, 2003, 90, 978–985. 

28. Gilliver, S. C., Ashworth, J. J., Mills, S. 
J., Hardman, M. J. and Ashcroft, G. S., J. 
Cell Sci., 2006, 119, 722–732. 

29. Moller, D. E. and Berger, J. P., Int. J. 
Obesity, 2003, 27, S17–S21. 

30. Friedmann, P. S., Cooper, H. S. and 
Healy, E., Acta Derm. Venereol., 2005, 
85, 194–202. 

31. Tan, N. S., Michalik, L., Di-Poi, N., 
Desvergne, B. and Wahli, W., Biochem. 
Soc. Trans., 2004, 32, 97–102. 

32. Quattrini, C., Jeziorska, M. and Malik, 
R. A., Int. J. Lower Extremity Wounds, 
2004, 3, 16–21. 

33. Luger, T. A., J. Dermatol. Sci., 2002, 
302, 87–93. 

34. Misery, L., Br. J. Dermatol., 1997, 137, 
843–850. 

35. Delqado, A. V., McManus, At and 
Chambers, J. P., Neuropeptides, 2003, 
37, 355–361. 

36. Chen, Y. S., Chung, S. S. M. and Chung, 
S. K., Diabetes, 2006, 54, 3112–3118. 

37. Luster, A. D., New Engl. J. Med., 1998, 
338, 436–445. 

38. Pelletier A. J. et al., Blood, 2000, 96, 
2682–2690. 

39. Rothenberg, M. E., Am. J. Respir. Cell 
Mol. Biol., 1999, 21, 291–295. 

40. Gillitzer, R. and Goebeler, M., J. Leuko-
cyte Biol., 2001, 69, 513–521. 

41. Fahey, 3rd, T., J. Surg. Res., 1991, 50, 
308–313. 

42. Mooney, D. P., O’Reilly, M. and 
Gamelli, R. L., Ann. Surg., 1990, 211, 
124–129. 

43. Cooper, K. E., In Analytical Microbio-
logy (ed. Kavanagh, F.), Academic Press, 
New York, 1972, vol. 2, pp. 13–42. 

44. Bastard, J. P. et al., J. Clin. Endocrinol. 
Metab., 2000, 85, 3338–3341. 

45. Doxey, D. L., Nares, S., Park, B., Trieu, 
C., Cutler, C. W. and Iacopino, A. M., 
Life Sci., 1998, 63, 1127–1136. 

46. Zykova, S. N., Jenssen, T. G., Berdal, 
M., Olsen, R., Myklebust, R. and Sel-
jelid, R., Diabetes, 2000, 49, 1451–1458. 

47. Maruyama, K., Asai, J., Ii, M., Thorne, 
T., Losordo, D. W. and D’Amore, P. A., 
Am. J. Pathol., 2007, 170, 1178–1191. 

48. Hauber, H., Bender, M., Haastert, B. and 
Hube, F., Int. J. Obesity, 1998, 22, 1239–
1243. 

49. Schreyer, S. A., Chua, S. C. and Le-
Boeuf, R. C., J. Clin. Invest., 1998, 102, 
402–411. 

50. Ford, E. S., Atherosclerosis, 2003, 168, 
351–358. 

51. Chung, F. M., Tsai, J. C. R., Chang, D. 
M., Shin, S. J. and Lee, Y. J., Diab. 
Care, 2005, 28, 1710–1717. 

52. Tong, P. C. et al., Diab. Care, 2004, 27, 
216–222. 

53. Fernandez-Real, J. M. and Pickup, J. C., 
Trends Endocrinol. Metab., 2008, 19, 
10–16. 

54. Waltenberger, J., Lange, J. and Kranze, 
A., Circulation, 2000, 102, 185–190. 

55. Sannomiya, P., Pereira, M. A. and 
Garcia-Leme, J., Agents Actions, 1990, 
30, 369, 376. 

56. Kwon, Y.-B. et al., J. Neuroendocrinol., 
2003, 15, 93–96. 

57. Cavoussi, B. and Ross, B. E., Integr. 
Cancer Ther., 2007, 6, 251–257. 

 

 
ACKNOWLEDGEMENTS. S.M. was sup-
ported by Muktangan Exploratory Science 
Centre, Pune during the study period. Discus-
sions with Satyajit Rath, National Institute of 
Immunology, New Delhi and Chittaranjan  
Yajnik, K. E. M. Hospital, Pune were useful. 
 
 

 

Milind Watve* and Sonam Mandani are 
in the Department of Microbiology, Aba-
saheb Garware College, Karve Road, 
Pune 411 004, India. 
*e-mail: milind_watve@yahoo.com 

 


