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Glycemic control and electrolyte changes in diabetic rats treated 
with pioglitazone

This study evaluated the effect of pioglitazone on glucose and 
serum electrolytes in normal and diabetic rats. Fifteen adult 
wister rats were divided into 3groups (n=5). Group 1 and 2 
served as the normal control and diabetic untreated group re-
spectively and each received 0.3ml distilled water. Group 3 
served as diabetic treated with 4mg/kg pioglitazone. This study 
lasted for twelve days after which blood samples were collected 
under mild anesthesia through retro-orbital sinus and centrifuge 
to obtain serum for analysis. The weight and fasting blood glu-
cose level of rats were determined using the weighing scale and 
glucose oxidase method respectively. The serum electrolytes 
(Na+, K+, and Ca2+) were determined using the flame photom-
etry method. Results showed significant increase in (p<0.05) 
in weight of pioglitazone treated group when compared with 
the normal control and diabetic untreated group. The average 
weight gain in pioglitazone treated group (29.80%) was signifi-
cantly higher when compared with previous studies (5%). There 
was significant decrease (p<0.05) in fasting blood glucose lev-
el in pioglitazone treated group when compared with diabetic 
untreated group. Na+ concentration was significantly higher 
(p<0.05) in pioglitazone treated group when compared with di-
abetic untreated group. A significant increase (p<0.05) in Ca2+ 

concentration was observed in pioglitazone treated group when 
compared with normal control and diabetic untreated groups. 
In conclusion, oral administration of pioglitazone caused weight 
gain, hypernatremia, hypercalcemia and a decrease fasting 
blood glucose level. Pioglitazone is therefore useful in glycemic 
control and maintainance of electrolyte balance in diabetic melli-
tus.
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1.0	 INTRODUCTION

Diabetes mellitus is a serious and chronic 
disease that occurs either when the pan-
creas does not produce enough insulin, or 
when the body cannot effectively use the 
insulin it produces (1). Hyperglycemia is a 
common effect of uncontrolled diabetes and 
may over time, lead to serious damage to the 
heart, blood vessels, eyes, kidneys and nerves. 
Recently, more than 400 million people have 
been diagnosed with diabetes and this value 
has been projected to increase in the nearest 
future (1). Therefore, the need to provide im-
mediate treatment against diabetes cannot be 
overemphasized. Meanwhile, most types of 
diabetes mellitus cause electrolyte derange-
ment which is often associated with increase 
morbidity and mortality in the affected popula-
tion (2). 

Hyponatremia is a decrease in serum Na+ 
concentration which is often observed in un-
controlled hyperglycemia and it may results 
in cognitive impairment, osteoporosis and frac-
tures (3). Since, glucose is an osmotically active 
substance, the hyperglycemia which occur in 
diabetes increases serum osmolality, resulting 
in movement of water out of the cells and sub-
sequently causing a reduction of serum sodium 
concentration (Na+) by dilution (dilutional hy-
ponatremia). In diabetes mellitus, hypokalemia 
may also result due to redistribution of potassi-
um K+ from the extracellular to the intracellular 
fluid compartment, gastrointestinal loss of K+ due 
to malabsorption syndromes (diabetic-induced 
motility disorders, bacterial overgrowth, chronic 
diarrhea states) and renal loss of K+ due to os-
motic dieresis (4). Accumulating evidences have 
also suggested that altered calcium homeostasis 
may play a role in the development of diabetes 
mellitus (5). Bischoff-Ferrari et al., 2006 (6) have 
shown that high intake of calcium, particularly 
from supplements result in hypercalcemia which 
lowers the risk of diabetes by 33% in his study 
population. This implies that Ca2+ is important 
in preventing the development of diabetes mel-
litus. The mechanism may involve a change in 
potential difference across  voltage-gated calci-
um channels  present on cell membrane of the 
pancreatic beta cells.  Calcium ions then diffuse 
from outside the cell down their concentration 
gradients into the cell and therefore, cause vesi-

cles containing insulin to move to, and fuse with, 
the cell surface membrane, releasing insulin 
by exocytosis  which is utilized for glucose up-
take by the cells (7). 

Among the class of drugs used in the treat-
ment of diabetes mellitus is Thiazolidinedi-
ones (TZDs) which is orally administered in 
diabetic patients. Pioglitazone, a thiazolidine-
dione class of drug is usually prescribed to 
manage diabetes mellitus. It is known to acts 
by stimulating the nuclear receptor peroxi-
some proliferator-activated receptor gamma 
(PPAR-γ) and to a lesser extent PPAR-α (8). It 
modulates the transcription of genes involved 
in the control of glucose and lipid metabolism 
in the muscle, adipose tissue and the liver. Pi-
oglitazone also reduces insulin resistance in 
liver and peripheral tissues, decreases gluco-
neogenesis in the liver and reduces quantity 
of glucose and glycated haemoglobin in the 
blood stream (9). 

There are controversial reports on the role of 
pioglitazone in the treatment of electrolyte de-
rangements which occur in diabetes mellitus. 
Therefore, the purpose of this study was to as-
certain the role of pioglitazone by investigating 
its effects on body weight changes, glucose 
level and serum electrolytes in diabetic wister 
rats.

2.0	 MATERIALS AND METHODS

2.1	 Animal grouping: Fifteen male Wistar 
rats weighing between 200-270gm were ob-
tained from the Central Animal House, College 
of Medicine, University of Medical Sciences, 
Ondo. They were housed in well aerated cag-
es, fed on standard rat chow and allowed free 
access to drinking water according to the guide-
lines and regulations of the National Institute of 
Health (10) and approved by the University of 
Medical Sciences Animal care committee. Piogl-
itazone Hydrochloride Tablets was purchased 
from Pharmaceutical Works Limited, Gujarat, 
India .The animals were divided into 5 groups 
of 5 rats per group. Group 1 served as control, 
group 2 served as diabetic untreated and group 
3 was treated with 4mg/kg pioglitazone (p.o) for 
12 days (11).

2.2	 Induction of diabetes
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Diabetes was induced in group 2 and 3 follow-
ing single intra-peritoneal injection of alloxan 
monohydrate (Sigma Aldrich, U.S.A) at a dose 
of 120mg/kg using the method of Carvalho (12). 
After 72hours of alloxan administration, only rats 
with fasting blood glucose level of 250mg/kg and 
above were considered and selected for this 
study 

2.3	 Blood glucose and weight determina-
tion 

Blood samples were obtained from the tail vein 
every four days (days 0 before treatment, 4, 8 
and 12 post-treatment) for determination of 
blood glucose level. Blood glucose level was 
measured using the principle of glucose oxidase 
method as described by Trinder 1969 (13). The 
weights of rats in each group were determined 
using electronic weighing balance (WSB-8000 
Omega, Taiwan) (14).

2.4	 Serum electrolytes determination

After 12 days post-treatment with pioglita-
zone, rats were mildly exposed to sodium pen-
tobarbital anesthesia (30mg/kg i.p) and blood 
samples were obtained from each rat through 
retro-orbital sinus for assessing the level of 
serum electrolytes. Serum sodium, potassi-
um and calcium, were determined using flame 
photometry method as described by Hayder, 
2016 (15) where compounds of metals are 
thermally separated into atoms at the tem-
perature of a Bursen burner flame and some 
of the atoms delivered are further eager to a 
higher vitality level. When these energized 
atoms come back to the ground state, they 
transmit radiation, which lies principally in the 
visible region of the electromagnetic range

2.5	 Statistical analysis 

Results obtained were analyzed using ANOVA 
and Neuman’s keul post-hoc test. Data were ex-
pressed as mean ±SEM with the level of statisti-
cal significance taken at p<0.05.

3.0	 RESULTS

3.1	 Effect of pioglitazone on body 
weights changes in experimental rats  

Table 1 shows weight changes in the control, 
diabetic untreated and pioglitazone treated 

rats. There was significant increase (p<0.05) 
in weight at days 4, 8 and 12 in pioglitazone 
treated group when compare with diabetic un-
treated group. The percentage weight gains 
are 19.71%, 28.63%, and 41.32% respectively. 
These percentage weight gains double at day 
12 (41.32%) when compared with the value 
at day 4 (19.71%) of pioglitazone administra-
tion. There was significant increase (p<0.05) 
in weight in pioglitazone treated group at days 
4, 8 and 12 when compared with the normal 
control. The percentage weight gains include 
16.94%, 22.76% and 26.54%.

 There was no significant difference in weight 
of the normal control at various time intervals 
when compared with the initial value. There 
was significant decrease (p<0.05) in weight 
of diabetic untreated group at day 12 when 
compared with the initial value. There was sig-
nificant increase (p<0.05) in weight at day 12 
in pioglitazone treated group when compared 
with the initial value before treatment. At day 
12, the percentage weight loss in diabetic un-
treated group is 26.25% while the percentage 
weight gain in the pioglitazone treated group 
is 27.97%. 

3.2	 Effect of pioglitazone on fasting 
blood glucose in experimental rats

Figure 1 showed changes in fasting blood 
glucose level in the control, diabetic untreat-
ed and pioglitazone treated rats. There was 
significant increase (p<0.05) in fasting blood 
glucose level at 72hours after diabetes induc-
tion, day 4, day 8 and day 12 in pioglitazone 
treated group when compared with the normal 
control group. However, there was significant 
decrease (p<0.05) in fasting blood glucose 
level at day 4, day 8 and day 12 in pioglita-
zone treated group when compared with the 
diabetic untreated group.

There was no significant difference in fasting 
blood glucose in diabetic untreated group at 
day 12 when compared with the value at 72 
hours after diabetes induction. However, there 
was significant decrease (p<0.05) in fasting 
blood glucose level in pioglitazone treated 
group at day 8 and 12 when compared with 
the value at 72 hours after diabetes induction.

3.3	 Effect of pioglitazone on sodium ion 
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Figure 2: Effect of pioglitazone on sodium ion concentrations in experimental rats. Data were expressed 
as Mean ± Standard Error of mean. Asterisk indicates significant difference at * = P<0.05, when compared 
with the diabetic untreated (n = 5).

Figure 1: Effect of pioglitazone on fasting blood glucose in experimental rats. Data were expressed as 
Mean ± Standard Error of mean. Ash (#) indicates significant difference at # = P<0.05, when compared 
with normal control. Asterisk indicates significant difference at * = P<0.05, when compared with the di-
abetic untreated (n = 5). 

Figure 3: Effect of pioglitazone on potassium ion concentrations in experimental rats. Data were ex-
pressed as Mean ± Standard Error of mean. Ash (#) indicates significant difference at # = P<0.05, when 
compared with normal control (n = 5).
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concentration in experimental animals

Figure 2 showed changes in sodium ion con-
centration in the control, diabetic untreated 
and pioglitazone treated rats. There was sig-
nificant increase (p<0.05) in sodium ion con-
centration in piolitazone treated group when 
compared with diabetic untreated group. The 
percentage increase in sodium ion concentra-
tion is 36.70%. However, there was no signifi-
cant difference in sodium ion concentration of 
pioglitazone treated group when compared to 
the normal control group.

3.4	 Effect of pioglitazone on potassium 
ion concentration in experimental animals

Figure 3 showed changes in potassium ion 
concentration in the control, diabetic untreat-
ed and pioglitazone treated rats. There was 
no significant difference in potassium ion con-
centration in pioglitazone treated group when 
compared with diabetic untreated group. How-
ever, there was significant decrease (p<0.05) 
in potassium ion concentration in pioglitazone 
treated group when compared with the normal 
control with a percentage decrease of 52.42%

3.5	 Effect of pioglitazone on calcium ion 
concentration in experimental animals

Figure 4 showed weight changes in the con-
trol, diabetic untreated and pioglitazone treated 
rats. There was significant increase (p<0.05) 
in calcium ion concentration in pioglitazone 
treated group when compared with diabetic 
untreated and normal control groups. The per-
centage increases in calcium ion concentra-
tions are 218.18% and 174.33% respectively

4.0	 Discussion and Conclusion

This study investigates the effect of piogl-
itazone on body weight, blood glucose level 
and changes in serum electrolytes in normal 
and diabetic wister rats. Diabetes mellitus is 
a metabolic disorder associated with signifi-
cant weight loss (16) however, the significant 
weight gain observed from our study follow-
ing pioglitazone administration in diabetic 
rats may be due the ability of pioglitazone to 
stimulate adipocytes differentiation and fat re-
distribution in the visceral and subcutaneous 
tissues of the body (17). This finding is con-

sistent with the reports of Miyazaki et al., 2002 
(18) who had also earlier reported weight gain 
in diabetic humans after pioglitazone admin-
istration. However, the average weight gain 
observed from this study is 29.80% which is 
in contrast with the findings of Miyazaki et al., 
2002 (18) who reported a 5% increase in body 
weight after treatment with pioglitazone. 

Therapies that provide strict glycemic control 
have remained the target in the treatment of 
diabetes mellitus (19). Therefore, the signifi-
cant decrease in fasting blood glucose level 
in pioglitazone treated group observed from 
this study indicates that pioglitazone is acting 
by improving glucose tolerance. This effect 
of pioglitazone may be mediated by causing 
the regeneration of islets cells of langerhaan 
to produce insulin or improving the uptake of 
glucose in the peripheral tissues and the liver 
(20) 

In uncontrolled diabetes mellitus, the serum 
concentration of Na+ is variable reflecting the 
balance between hyperglycemia-induced wa-
ter movement out of the cells that lower Na+ 
concentration and glucosuria-induced osmotic 
diuresis which tend to raise Na+ concentration 
(21). The significant increase in Na+ concen-
tration observed in pioglitazone treated group 
from our study may be due to its ability to stim-
ulate glucose excretion by increase the rate 
of filtration and preventing the reabsorption of 
glucose in the renal tubular cells of the kid-
neys (22). Glucose being an osmotically active 
substance may therefore cause more water to 
be excreted through the kidney therefore, el-
evating the concentration of Na+ in the blood 
serum. 

Studies have shown that the incidence of hy-
pokalemia in diabetes mellitus is higher than 
in general population (23). This hypokalemia 
may be due to the redistribution of k+ from the 
extracellular to intracellular fluid compartment, 
gastrointestinal loss due to malabsorption 
syndromes or K+ loss through osmotic diuresis 
(4). From this study, pioglitazone administra-
tion does not affect K+ concentration in diabe-
tes mellitus and this implies that pioglitazone 
may not be acting through the pathways that 
ameliorate hypokalemia.

The significant decrease (p<0.05) in Ca2+ con-
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Figure 4: Effect of pioglitazone on potassium ion concentrations in experimental rats. Data were ex-
pressed as Mean ± Standard Error of mean. Ash (#) indicates significant difference at # = P<0.05, when 
compared with normal control. Asterisk indicates significant difference at * = P<0.05, when compared 
with the diabetic untreated (n = 5).

Table 1: Effect of pioglitazone on body weights changes in experimental rats  

Group Initial weight be-
fore treatment (g)

Day 4 (g) Day 8 (g) Day 12 (g)

Normal control 
(0.3ml distilled 
water) 221.00±3.75 223.00±3.78 226.60±3.60 228.60±3.27

Diabetic untreated 
(0.3ml distilled 
water) 247.60±10.76 215.80±11.36 209.40±10.87 182.60±9.06*

Diabetic treated 
with pioglitazone 
(4mg/kg p.o)  243.80±16.26 268.80±14.31# 293.4±13.79# 311.20±10.19*#

Data were expressed as Mean ± Standard Error of mean. Ash (#) indicates significant difference at # = 
P<0.05, when compared with normal control and diabetic untreated. Asterisk indicates significant differ-
ence at * = P<0.05, when compared with the initial value before treatment (n = 5). 
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centration in diabetic untreated rats suggests 
that less calcitonin and parathyroid hormone 
is produced from the parafollicular cell and 
parathyroid gland respectively. However, the 
significant increase (p<0.05) in Ca2+ after pi-
oglitazone administration implies that more 
calcitonin was released into circulation to stim-
ulate the activities of oesteoclasts in causing 
the release of Ca2+ from bone cells (24). Pi-
oglitazone may also be acting by increasing 
the release of parathyroid hormone which in-
hibits Ca2+ excretion through the kidney hence 
increasing circulating Ca2+ (25). The secreted 
parathyroid hormone may also be acting by 
stimulating the production of 1, 25 dihydroxy-
colicalciferol which is necessary for intestinal 
absorption of Ca2+ (26). The Ca2+ concentration 
in pioglitazone treated group was significantly 
higher (p<0.05) than the normal control which 
implies that pioglitazone may be very effective 
in maintaining calcium homeostasis.

In conclusion, oral administration of pioglita-
zone causes weight gain in the diabetic rats 
although the percentage weight gain was high-
er in this study when compared with previous 
studies. Pioglitazone administration at 4mg/kg 
also causes a decrease in fasting blood glu-
cose level which helps in ameliorating the hy-
perglycemia that was observed in the diabetic 
rats. Finally, pioglitazone causes hypernatre-
mia and hypercalcemia which are important in 
maintaining electrolyte balance in the diabetic 
rats.
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