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ABSTRACT
The effect of experimentally induced hyper-insulinaemia on total white blood count (WBC)
and differential counts, platelets count, ESR and total plasma proteins have been studies following
sub-acute insulin administration. Sixteen mice, weighing 25 – 30 g were divided into 2 groups and
treated with insulin (10 I.U/kg) or distilled water (control) for seven days. Haematological
parameters were determined using standard laboratory methods. Total WBC count of the insulintreated group (7.74 ± 0.6x 109/L) was higher than that of the control (6.14 ± 0.3x 109cells/ L).
Similarly, lymphocytes and platelet counts of the insulin-treated group (27.88 ± 1.1 % and 190.13
± 2.2x 109 cells/L) were higher than those of the control (20.50 ± 1.0 % and175.63 ± 3.6x 109 cells
/L). ESR of the insulin-treated mice was lower than that of the control. It was concluded that subacute insulin treatment significantly increased total WBC, neutrophil and platelet counts,
decreased ESR, and did not have any significant effect on other differential WBC counts and
plasma proteins.
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INTRODUCTION
The burden of diabetes mellitus (DM) is
increasing worldwide. International Diabetes
Federation (IDF, 2014) (1) reported the world
prevalence of type 2 diabetes mellitus in 2014
to have increased to 8.33% with estimated
number of 387 million people, and by 2035
the number might reach 592 million. In
Africa, the estimated prevalence of type 2
diabetes mellitus (T2DM) is 1% in rural areas,
up to 7% in urban sub-Sahara Africa (2).
Hyperglycaemia and its consequences have
been implicated in the pathophysiology of
DM complications (3). However, in DM and
pre-diabetic states hyperglycaemia coexists
concurrently with hyper-insulinaemia (4,5).
There is the possibility that some of the
pathophysiological effects ascribed to
hyperglycaemia are actually due to hyperinsulinaemia. To resolve this, there is the
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need to study the effects of hyperinsulinaemia
in
non-diabetic
normoglycaemic subjects without the
interference of hyperglycaemia. Several
effects of hyper-insulinaemia have been
studied so far, but there is dearth of
information on the effects of hyperinsulinaemia on haematological parameters.
Previously, hyper-insulinaemia was induced
experimentally by administration of
exogenous insulin (6,7,8,9). Thus, this study
was aimed at evaluating the sub-acute effects
of insulin on total white blood count (WBC)
and
platelets
counts,
erythrocyte
sedimentation rate and total serum proteins in
mice administered with exogenous insulin.
MATERIALS AND METHODS
Animal Care, Grouping and Treatments
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Young mice of both sexes, weighing
between 25 – 30 g, were used for the study.
They were kept in large aerated cages and
allowed free access to feed and drinking
water. They were maintained under the
prevailing
natural
light-dark
cycle
(photophase: 6:22 – 18:11). Experimental
protocols were approved by local
Institutional Research Committee and were
in accordance with the guidelines for animal
research, as stated in the NIH Guidelines for
the Care and Use of Laboratory Animals
(National Academy of Sciences and National
Institutes of Health Publications, 2011).
Insulin (Novo Nordisk A/S, Denmark)
was reconstituted 1:3 with deionized water
for ease of dosing; and administered
subcutaneously using insulin syringe daily
between the hours of 8:00 – 9:00 am for seven
days. Mice in the control group received
deionized water, while those in the insulin
group received insulin at 10 I.U./kg/day,
subcutaneously (10).

used to determine the total plasma proteins.
The capillary tube was broken above the
sedimented cells to collect the plasma. The
plasma was drained under a glass slide of the
refractometer (Catolog 10400 by American
Optical Corp Keene, N. H., U. S. A), and the
total plasma protein was read (12).
Erythrocyte sedimentation rate:
The
mixture of 2 cm3 of blood and 0.5 cm3 of
sodium citrate was drawn into a WestergrenKatz tube to the 200 mm mark. The tube was
kept in a strictly vertical position at room
temperature for 1 hour, at which time the
distance from the lowest point of the surface
meniscus to the upper limit of the red cell
sediment was measured.
Statistical analyses
Results were presented as mean ± SD and
analysed using SPSS® software, version 14.0
(SPSS Inc., Chicago, IL, USA) for
Windows®. Differences in continuous
haematological values between control and
insulin treated groups were assessed by
independent Student’s t-test. A P-value <0.05
was considered statistically significant.

Laboratory Procedures
Laboratory procedures were carried out
as described by Sirois (1995) (11) and briefly
stated below. Total and differential leukocyte
counts: 0.5cm3 of blood was drawn into the
WBC pipette and diluted with WBC diluting
fluid (1:20), mixed and allowed to stay for 5
– 10 minutes. The diluted blood was
introduced into the improved Neubaeur
Counting Chamber and the cells counted
using HM – Lux Microscope (Germany).

RESULTS
Total and Differential White Blood Cells
Count
The values of total WBC and differential
counts are presented in table 1. Total WBC
count of the insulin-treated group was
significantly higher than that of the control (P
= 0.025). Neutrophil count of the insulintreated group was also significantly higher
than that of the vehicle-treated control (P =
0.001). However, the other differential
leucocyte counts of the insulin-treated
animals - bands, lymphocytes, monocytes
and eosinophils - were not significantly
different from that of the control (P = 1.000,
P = 0.254, P = 0.292, P = 0.373, P = 0.671,
respectively). There were no basophils found

Platelets counts: 0.5 cm3 of blood was drawn
into the WBC pipette and diluted with ReesEcker solution to achieve a dilution ratio of
1:20. The diluted blood was introduced into
the improved Neubaeur Counting Chamber
and the cells counted using HM – Lux
Microscope (Germany).
Total plasma proteins: After reading the
PCV, the content of each capillary tube was
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in the blood of animals in both groups.
Platelets count of the animals treated with
insulin (190.13 ± 2.2 x 109 cells/L) was
significantly different compared with that of
the control (175.63 ± 3.6x 109 cells/L) (P =
0.005). The results suggest that insulin
treatment significantly increased total WBC,
neutrophil and platelet counts, and did not
have any effect on the other differential
leucocytes counts of the treated animals.
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Figure 1: Total plasma protein and ESR of
Plasma Proteins
insulin-treated and control mice. (Mean ±
Erythrocyte sedimentation rate of the
S.E.M) * = significant compared to control.
animals in the insulin-treated group (2.27
mm/hr) was significantly lower compared to
control (5.17 mm/hr) (P = 0.001) (Figure 1).
This result suggests that insulin treatment has
reduced ESR in the treated animals. Similarly,
the value of total plasma proteins of the
insulin-treated group (6.80 ± mg/dL) was
statistically similar to that of control. (6.85 ±
0.2 mg/dL). The results indicate that insulin
treatment did not have a significant effect on
these parameters in the treated mice.
Table 1: Total and differential leucocyte count of control and insulin-treated mice.
Parameters

Control

WBC (x 109/L)

6.14 ± 0.3

7.74 ± 0.6*

0.025

Bands (%)

0.25 ± 0.25

0.25 ± 0.25

1.000

Neutrophils (%)

20.50 ± 1.0

27.88 ± 1.1*

0.001

67.63 ± 4.2

0.292

Lymphocytes (%)

Insulin-treated

74.38 ± 4.5

P value

Monocytes (%)

1.25 ± 0.8

2.5 ± 1.1

0.373

Eosinophils (%)

1.75 ± 1.2

1.13 ± 0.9

0.671

Basophils (%)

0.00 ± 0.0

0.00 ± 0.0

Platelets (x 109/L)

175.63 ± 3.6

190.13 ± 2.2*

NC
0.005

WBC- white blood cells, NC- not calculable; (Mean ± S.E.M, n = 8)
* = significant compared to control.
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DISCUSSION
In this study, insulin treatment has
significantly increased WBC count, which
could be a sign of inflammation in the treated
mice. Type 2 diabetes is a state of chronic
inflammation (13,14,15) with increased
WBC count associated with some of its risk
factors and/or pre-diabetic states (16,17,18).
In fact, Twig et al. (2016) (19) demonstrated
in young normoglycaemic men that an
increase in WBC count (even within the
normal range) was associated with increased
risk of diabetes. Most of the pathophysiologic
changes seen in type 2 diabetes and prediabetic states were mainly associated with
the effects of hyperglyceamia (3). However,
in type 2 diabetis mellitus (T2DM) and prediabetic conditions, insulin resistance and
hyperglycaemia exists concurrently with
compensatory hyperinsulinaemia (4,5).It is
proposed here, that the increased WBC count
seen in T2DM and pre-diabetes could be
caused by the excess insulin (hyperinsulinaemia) observed in this condition. The
finding of this study could mimic a predaibetic condition when compensatory (due
to insulin resistance) hyper-insulinaemia
induces inflammation and subsequent
changes in diabetes and its complications.
Evidence has been provided of hyperinsulinaemia resulting from preceding insulin
administration (6,7,8,9) consistent with the
design of this study. The findings of this
study thus provided evidence to support this
proposition. Anti-inflammatory effect of
insulin has also been reported (20,21), which
is contrary to the findings of this study.
Neutrophil count was also higher in the
insulin-treated group in line with the increase
in total WBC observed in this study.
Corroborating this finding, Walrand et al. (8)
in a similarly designed study, reported
increased neutrophil count, chemotaxis,
phagocytosis and bactericidal capacity of
polymorphonuclear neutrophils due to hyperinsulinaemia in healthy normoglycaemic
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human subjects. Rassias et al. (2002) (22)
also reported increased neutrophil count and
phagocytic activity in non-diabetic cardiac
surgical patients. These results corroborate
the increase WBC count seen in this study.
Insulin administration did not significantly
affect other differential WBC counts, thereby
making the leucocyte change seem more
specific and mimic that of response to
bacterial infection.
Platelets are small anucleated cell
fragments that circulate in blood playing
crucial role in managing vascular integrity
and regulating hemostasis. Platelets are also
involved in the fundamental biological
process of chronic inflammation associated
with disease pathology. Platelets activation
and dysfunction have been implicated in
diabetes, renal diseases, tumorigenesis,
Alzheimer’s, and CVD (23). In the present
study insulin/hyper-insulinaemia increased
platelets count in the treated animals. It was
previously reported that platelets from
patients with type 2 diabetes had increased
reactivity and baseline activation (24), which
could be due to hyper-insulinaemia, in
agreement with other findings of this study.
Platelet function is influenced by its redox
state, determined by the formation of reactive
oxygen and nitrogen species (25). Insulin
possesses anti-aggregation effect on human
platelets, mediated through increase NO
synthesis and subsequent enhancement of
cAMP and cGMP in these cells (26).
Decreased platelet aggregation in vivo may
be observed as an increase in platelets count
supporting the finding of this study. However,
contrary to this study, Xiao et al. (27)
reported that short-term intensive insulin
treatment reduces the enhanced platelet
function in newly diagnosed type 2 diabetics.
In another study, insulin resistance was
reported to have no effect on mean platelet
volume in non-obese women (28); and a
more intensive insulin treatment failed to
affect platelet reactivity (29).
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Insulin administration in this study did
not significantly affect total plasma proteins
in the treated mice. In previous studies,
insulin administration was found to improve
body protein balance by suppressing protein
degradation in non-diabetic (30), type 2
diabetic (31) and type 1 diabetic subjects (32).
Insulin oedema with increased total plasma
proteins was reported following excessive
insulin treatment in type 1 diabetes (33). The
absence of increased serum protein in the
current study could be because the mice were
fed ad libitum with normal diet compared to
other studies in which the diet was improved
in protein and energy. This anti-proteolytic,
anabolic effect of exogenous insulin could be
of advantage to diabetic subjects treated with
insulin instead of oral hypoglycaemic agents.
Insulin significantly decreased ESR, a
marker of systemic inflammation (34), in the
current study. ESR is expected to increase in
line with increased WBC and neutrophils
counts reported in this study and by others
(17,18). Diabetes, an insulin-resistant state
accompanied by hyper-insulinaemia (4,5),
was reportedly associated with anaemia, due
to increased haemolysis (35,36). Increased
haemolysis could be an explanation for the
low ESR reported in this study, since a
decrease in erythrocyte count may result in
faster rate of sedimentation.

2. Chinenye, S. and Young, E. (2011). State of
Diabetes Care in Nigeria: A Review. The Nig
Heal J 11(4):101-106.
3. Duarte, A.I., Moreira, P.I. and Oliveira, C.R.
(2012). Insulin in central nervous system:
More than just a peripheral hormone. J
Ageing Res 2012: 21-32.
4. World
Health
Organization
(1999).
Definition, Diagnosis and Classification of
Diabetes Mellitus and its Complications.Part
1: Diagnosis and Classification of Diabetes
Mellitus.Department of Non Communicable
Disease Surveillance, Geneva.
5. Reaven,
G.M.
(2003).
Insulin
resistance/compensatory hyperinsulinemia,
essential hypertension, and cardiovascular
disease. J ClinEndocrinolMetab88: 2399–
2403.
6. Somogyi, M. (1959). Exacerbation of
diabetes by excess insulin action. Am J Med
26: 169–191.
7. Patočková, J, Marhol, P., Tůmová, E., Kriak,
M., Rokyta, R., Típek, S., Crkovská, J.
andAnděl, M. (2003). Oxidative stress in the
brain tissue of laboratory mice with acute
post insulin hypoglycemia. Physiol Res52:
131-135.
8. Walrand, S., Guillet, C., Boirie, Y.
andVasson, M-P. (2004). In vivo evidences
that
insulin
regulates
human
polymorphonuclear neutrophil functions. J
LeukBiol76: 1104-1110.

CONCLUSION
Sub-acute
insulin
treatment
has
significantly increased total WBC, neutrophil
and platelet counts, decreased ESR, and did
not have any significant effect on other
differential WBC counts and serum proteins.

9. Rybicka, M., Krysiak, R. andOkopień, B.
The dawn phenomenon and the Somogyi
effect - two phenomena of morning
hyperglycaemia. Polish J Endocrinol 62(3):
276–283.

REFERENCES

10. Sharma, S., Chopra, K. andKulkarni, S.K.
(2007). Effect of insulin and its combination
with resveratrol or curcumin in attenuation of
diabetic neuropathic pain: participation of
nitric oxide and TNF-alpha. Phytother Res21:
278-283.

1. International Diabetes Federation (IDF)
(2014). IDF Diabetes Atlas 2014, 6th Edition.
https://www.idf.org/sites/default/files/Atlasposter-2014_EN.pdf (accessed on 28th Jan.,
2016).

http://jomls.org

Original article
YARUBE, I.U

13

info@jomls.org

Journal of Medical Laboratory Science, 2017, vol. 27, No.1
11. Sirois M. (1995). Veterinary clinical
laboratory procedures. Mosby-Year Book
Inc., St. Louis, 189 pp.

white blood cell counts in Chinese.doi:
10.6133/apjcn.102015.13
19. Twig, G., Afek, A., Shamiss, A., Derazne, E.,
Tzur, D., Gordon, B. andTirosh, A. (2013).
White blood cells count and incidence of type
2 diabetes in young men. Diabetes Care 36:
276–282.

12. Baker, F.J., Silverton, R.E. (1985).
Introduction
to
Medical
Laboratory
Technology, 6th edition. Butterworth and Co.
(Publishers) Limited, U.K., 408 pp.
13. Wellen, K.E. and Hotamisligil, G.S. Obesityinduced inflammatory changes in adipose
tissue. J Clin Investig 112(12): 1785–1788.

20. Dandona, P., Chaudhuri, A., Mohanty, P.
and Ghanim, H. (2007). Anti-inflammatory
effects of insulin. Curr Opin Clin Nutr Metab
Care 2007; 10(4): 511-517.

14. Olefsky, J.M. and Glass, C.K. (2009).
Macrophages, inflammation, and insulin
resistance. Ann Rev Physiol 72: 219–246.

21. Chaudhuri, A., Dandona, P.and Fonseca, V.
(2012). Cardiovascular benefits of exogenous
insulin. J ClinEndocrinolMetab 97(9): 30793091.

15. Reading, C.L., Flores-Riveros, J., Stickney,
D.R. andFrincke, J.M. (2013). An Antiinflammatory sterol decreases obesity-related
inflammation-induced insulin resistance and
metabolic dysregulation. MediatInflam 16 pp,
doi.org/10.1155/2013/814989

22. Rassias, A.J., Alice, L.,Givan, A.L., Marrin,
C.A.S., Whalen, K., Pahl, J. and Yeager, M.P.
(2002). Insulin increases neutrophil count
and phagocytic capacity after cardiac surgery.
AnaesthAnalg 94: 1113–1119.

16. Gkrania-Klotsas, E., Ye, Z., Cooper, A.J.,
Sharp, S.J., Luben, R., Biggs, M.L., Chen, L.,
Gokulakrishnan, K., Hanefeld, M., Ingelsson,
E., Lai, W., Lin, S., Lind, L., Lohsoonthorn,
V., Mohan, V., Muscari, A., Nilsson, G.,
Ohrvik, J., Qiang, J.C., Jenny, N.S.,
Tamakoshi, K., Temelkova-Kurktschiev, T.,
Wang, Y., Yajnik, C.S., Zoli, M., Khaw, K.,
Forouhi,
N.G.,
Wareham,
N.J.
andLangenberg, C. (2010). Differential white
blood cell count and type 2 diabetes:
Systematic review and meta-analysis of
cross-sectional and prospective studies. PLoS
ONE 5(10): e13405

23. Ghoshal, K. and Bhattacharyya, M. (2014).
Overview of platelet physiology: Its
haemostatic and nonhaemostatic role in
disease pathogenesis. The Scientif World J 16
doi.org/10.1155/2014/781857
24. Kakouros, N., Rade, J.J., Kourliouros, A.,
Resar, J.R. (2011). Platelet Function in
Patients with DiabetesMellitus: From a
Theoretical to a Practical Perspective.
Internat J Endocrinol Article ID 742719,
doi:10.1155/2011/742719
25. Freedman, J.E. (2008). Oxidative stress and
platelets. ArteriosclerThrombVascBiol 28:
s11-s16.

17. Jiang, H., Yan, W-H., Li, C-J., Wang, A-P.,
Dou, T-J. and Mu, Y-M. (2014). Elevated
white blood cell count is associated with
higher risk of glucose metabolism disorders
in middle-aged and elderly Chinese people.
Int J Env Res Pub Heal 11: 5497-509.
doi:10.3390/ijerph110505497

26. Trovati, M. and Anfossi, G. (2002). Influence
of insulin and of insulin resistance on platelet
and vascular smooth muscle cell function. J
Diabetes Complicat 16(1): 35–40.
27. Xiao, C., Ren, A., Ye, S., Yang, J., Li, S.,
Xing, X. The influence of exogenous insulin
therapy on platelet function in type-2
diabetics. Chin J Clin Healthcare 3: 1-7.

18. Yang, H., Fu, Y-Q., Yang, B., Zheng, J-S.,
Zeng, X-Y., Zeng, W., Fan, Z-F., Chen, M.,
Wang, L. and Li, D. (2015). Positive
association between metabolic syndrome and

http://jomls.org

Original article
YARUBE, I.U

14

info@jomls.org

Journal of Medical Laboratory Science, 2017, vol. 27, No.1
28. Dogan, B.A., Arduc, A., Tuna, M.M.,
Karakılıc, E., Dagdelen, I., Tutuncu, Y.,
Berker, D. andGuler, S. (2014). Association
of mean platelet volume with androgens and
insulin resistance in nonobese patients with
polycystic ovary syndrome. Int J Endocrinol
Metab
12(4):
e18642.
DOI:
10.5812/ijem.18642

32. Godil, M.A., Wilson, T.A., Garlick, P.J.
andMcnurlan, M.A. (2005). Effect of insulin
with concurrent amino acid infusion on
protein metabolism in rapidly growing
pubertal children with type 1 diabetes.
Pediatr Res 58: 229–234.
33. Wheatley, T. and Edwards, O.M. (1985).
Insulin oedema and its clinical Significance:
Metabolic studies in three cases. Diab Med
2(5): 400–404.

29. Vivas, D., Garcı´a-Rubira, J.C., Bernardo, E.,
Angiolillo, D.J., Martın, P., Calle, A., NunezGil, I., Macaya, C. and Fernandez-Ortiza, A.
(2014). Effect of an optimized treatment with
insulin on platelet reactivity after discharge in
patients with an acute coronary syndrome and
hyperglycemia. Rev Esp Cardiol 67(1): 22–
27.

34. Ibrahim, A.E., Ibrahim, S.A.A., Fadhel, D.H.
and Hussein, A.A. (2014). Sedimentation
levels of red blood cells (ESR) and its effect
on viscosity of blood cells (PVC) and glucose
in elderly people. J Al-Nahrain Univ 17(2):
9-12.

30. McNulty, P.H., Louard, R.J., Deckelbaum,
L.I.,
Zaret,
B.L., Young,
L.H.
(1995).Hyperinsulinemia inhibits myocardial
protein degradation in patients with
cardiovascular disease and insulin resistance.
Circulation 92: 2151-2156.

35. Lippi, G., Mercadanti, M., Aloe, R.
andTargher,
G.
(2012).
Erythrocyte
mechanical fragility is increased in patients
with type 2 diabetes. Eur J Intern Med 23(2):
150-153.
36. Mahmoud, A.M. (2013). Hematological
alterations in diabetic rats – role of
adipocytokines and effect of citrus flavonoids.
EXCLI J 12: 647 – 657.

31. Gougeon,
R., Marliss,
E.B., Jones,
P.J., Pencharz, P.B. Morais, J.A. (1998).
Effect of exogenous insulin on protein
metabolism with differing nonprotein energy
intakes in Type 2 diabetes mellitus. Int J Obes
Relat Metab Disord 22(3): 250-261.

http://jomls.org

Original article
YARUBE, I.U

15

info@jomls.org

