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Summary 

The objective of this study was to study the antidepressant activity of imipramine, 
amitryptiline, fluoxetine, and trazodone in alloxan-induced diabetes in rats The acute and 
chronic effects of imipramine (10 mg/kg, i.p.), amitryptiline (10 mg/kg, i.p.), fluoxetine 
(10 mg/kg, i.p.), and trazodone (10 mg/kg, i.p.] were studied in different glycemic 
conditions using forced swim test, tail suspension test and reserpine antagonism. 
Antidepressant treatment resulted in a significant (P<0.05) increase in blood glucose level 
in mice and significantly (P<0.05) decreased total duration of immobility in all acute 
studies. A significant correlation between blood glucose level and antidepressant activity 
was observed in forced swim test and tail suspension test in euglycemic and 
hyperglycemic conditions. Antidepressants in combination with alloxan resulted in 
significant (P<0.05) increase in blood glucose level and significantly (P<0.05) decreased 
duration of immobility. Antidepressants significantly (P<0.05) antagonized reserpine 
induced hypothermia. The study reveals a good correlation between blood glucose level 
and antidepressant activity amongst various antidepressants. 
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Introduction 

 
Depression is a common psychiatric illness comprising about 10% of all adult patients 
seeking medical attention (1) and it is known that antidepressants increase synaptic levels 
of noradrenaline, serotonin and in some cases dopamine (2). Catecholamines produce 
hyperglycemia by activation of phospholipase in liver by increasing cyclic AMP and 
intracellular ca++ levels 93). Antidepressants like tricyclic antidepressants (4), selective 
serotonin reuptake inhibitors (5), and drugs modulating serotonergic and adrenergic 
transmission (6) are known to increase blood glucose level. Experimental evidence 
confirms that there are “glucoreceptors” which are sensitive to changes in blood glucose 
level and regulate glucose utilization in the hypothalamus (7).     
 Stimulation of muscarinic, histaminergic, and serotonergic receptors increases 
hypothalamic noradrenergic neural activity, which is associated with hyperglycemia (8). 
Central GABA receptors play an inhibitory role in the regulation of hepatic glucose 
metabolism and elevated levels of GABA have been found in insulin treated animals (9). 
Diabetes with major depression has a very high rate of recurrent depressive episodes (10). 
Depression is associated with hyperglycemia in patients with Type 1 or Type 2 diabetes 
(11). There is also a suggestion that stress associated with depression may lead to 
hyperglycemia in diabetes (12). 

The findings of Sevak et al., (13) that haloperidol is less potent to produce 
catalepsy in diabetic rats is consistent with reports of altered dopamine receptor binding 
in diabetes. Antidepressants are known to reduce haloperidol-induced catalepsy (14). 
However, it is not known whether there exists a correlation between blood glucose level 
and antidepressant activity. Therefore we assessed antidepressant activity of various 
clinically used antidepressants in normal, hypoglycemic and hyperglycemic rats using 
behavioral despair test, tail suspension test, and reserpine antagonism. 

 
 

Materials and Methods 
 

Drugs 

alloxan (Burgoyne Burbidges Co., Mumbai), imipramine (Torrent Pharmaceuticals, 
Ahmedabad), amitryptiline (Torrent Pharmaceuticals, Ahmedabad), fluoxetine (Cadila 
Laboratories, Ahmedabad), trazodone (Sun Pharma, Mumbai), and reserpine (Hindustan 
Ciba-Geigy Ltd. Mumbai), were used for the study. 
 
Animals 
Male albino mice (20-25 g) and male albino rats (150-200 g) were obtained from 
Krishana Institute of Medical Science, Karad. Animals were housed in groups of five per 
cage under standard laboratory conditions with food and water ad libitum. A 12: 12h 
(light: dark) cycle was used with the light from 07:00 to 19:00 h. All behavioral testing 
was done during the day-light period preferably between 10:00 and 13:00. Animals were 
handled daily for 5 min during the last 3 days before the experiment. 
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Induction of hypoglycemia 

Since physiological stress (swimming in water for 3 min) induces hypoglycemia (15) 
mice were allowed to swim individually for 3 min in a glass container (height 40 cm; 
diameter 15 cm) containing 10 cm of water, maintained at 25oC. At the end of swimming, 
mice were removed from water, wiped gently with a clean dry towel. The presence of 
hypoglycemia was confirmed by measuring blood glucose level and 15 min later, mice 
were subjected for testing of antidepressant activity. Blood sugar level was measured 
using one touch strip glucometer (Johnson & Johnson Co. Mumbai). 
 
Induction of hyperglycemia 

Intraperitoneal administration of dextrose (2 g/kg) produces significant hyperglycemia 
(16). The presence of hyperglycemia was confirmed by measuring blood glucose level 30 
min after dextrose and then mice were subjected for testing of antidepressant activity.  
 
Alloxan induced diabetes 

Alloxan (200 mg/kg, s.c) was used to induce diabetes (17). Blood was obtained from 
retro- orbital plexus with minimum stress and blood glucose levels were measured using 
glucometer. Antidepressant activity was assessed 24 h after alloxan treatment using 
forced swim test.  
 
Measurement of antidepressant activity 

Forced swim test 

Mice were placed individually into a glass cylinder (height 40 cm; diameter 15 cm) 
containing 10 cm of water, maintained at 25oC. After 10 min they were removed to a 
drying room (30oC) for 30 min. Next day mice were placed in the same cylinder and the 
total duration of immobility was measured during 5 min test period as described earlier 
(18). Imipramine (10 mg/kg, i.p.), amitryptiline (10 mg/kg, i.p.), fluoxetine (10 mg/kg, 
i.p.), and trazodone (10 mg/kg, i.p.) were administered 40 min before the test. All drugs 
were administered orally for 15 days in chronic studies and the test was carried out 40 
min after the last administration. 
 

Tail suspension test 

Immobility was induced by tail suspension according to the procedure of Steru et al. (19). 
Albino mice were hung individually on a plastic string, 75 cm above the table top with an 
adhesive tape placed 1 cm from the tip of the tail. Duration of immobility was recorded 
for 7 min, discarding the movements in the first two minutes. Mice were considered 
immobile only when they hung passively and remained completely motionless.  
Imipramine (10 mg/kg, i.p.), amitryptiline (10 mg/kg, i.p.), fluoxetine (10 mg/kg, i.p.), 
and trazodone (10 mg/kg, i.p.) were administered 40 min before the test. All drugs were 
administered orally for 15 days in chronic studies and the test was carried out 40 min 
after the last administration. 
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Reserpine antagonism 

Reserpine (3 mg/kg, i.p.) was administered to rats half an hour after imipramine (10 
mg/kg, i.p.), amitryptiline (10 mg/kg, i.p.), fluoxetine (10 mg/kg, i.p.), and trazodone (10 
mg/kg, i.p.). Rectal temperature was noted using telethermometer at 60, 90, 120, 180, 
210, and 240 min. Blood glucose level was estimated after 1 h of antidepressant treatment 
(20). 
 
Statistical Analysis 

All data are expressed as mean + SEM. The parametric data was analysed by one-way 
analysis of variance (ANOVA) followed by Dunnett’s test and the non-parametric data 
was analyzed by Kruskal-Wallis test followed by Dunn’s test. P<0.05 was considered 
significant. 

Results 

Forced Swim test 

In vehicle treated mice (euglycemic condition), the difference in blood glucose level was 
found to be 4.66 ± 1.15 mg/dl and total duration of immobility was observed to be 87.25 
± 0.80 sec. Treatment with imipramine (10 mg/kg, i.p.), amitryptiline (10 mg/kg, i.p.), 
fluoxetine (10 mg/kg, i.p.), and trazodone (10 mg/kg, i.p.) increased blood glucose level 
(P<0.05) from the initial level and decreased total duration of immobility (P<0.05) 
[Table1]. Correlation coefficient between difference in blood glucose level and duration 
of immobility was observed to be 0.91. 
 
Table 1: Effect of acute and chronic treatment of various antidepressants on blood 
glucose level and duration of immobility in euglycemic condition in forced swim test 
using mice 
Treatment  
(mg/kg) 

Difference in blood glucose level  
                 (mg/dl) 
   Acute                     Chronic 

Duration of immobility (sec) 40       
          min after treatment 
    Acute                      Chronic 

Vehicle 
 

4.66 ± 1.15 5.76 ± 1.55 87.25 ± 0.80 90.25 ± 0.80 

Amitryptiline  
(10) 

67.50 ± 9.61* 41.75 ± 3.35* 34.75 ± 1.88* 27.5 ± 0.64*  

Imipramine 
(10) 

43.50 ± 0.75* 18.5 ± 1.32* 57.75 ± 2.93* 45.5 ± 0.64* 

Fluoxetine 
(10) 

35.25 ± 5.79* 13.0 ± 0.92 65.75 ± 1.70* 55.25 ± 1.10* 

Trazodone 
(10) 

42.0 ± 1.22* - 25.2 ± 3.10* 73.33 ± 2.09*  82.5 ± 1.10* 

F(4,20) 19.67 117.26 95.23 873.3 
n = 5, observations are mean ± SEM (ANOVA followed by Dunnett’s test).* P < 0.05 as 
compared with vehicle group.  
Correlation between BGL and duration of immobility (acute) = -0.91 
Correlation between BGL and duration of immobility (chronic) = -0.8 
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In chronic treatment, the difference in blood glucose level was found to be 8.66 ± 
1.15 mg/dl and total duration of immobility was observed to be 90.25 ± 0.80 sec in mice 
treated with vehicle. Treatment with imipramine (10 mg/kg, i.p), and amitryptiline (10 
mg/kg, i.p) resulted in increased blood glucose level (P<0.05) from the initial level and 
total duration of immobility was decreased (P<0.05).Chronic treatment with fluoxetine 
(10 mg/kg, i.p.) showed an insignificant increase in blood glucose level (P>0.05) from 
initial level and the total duration of immobility was decreased (P<0.05). Chronic 
treatment of trazodone (10 mg/kg, i.p.) resulted in decreased blood glucose level (P<0.05) 
from the initial level and decreased duration of immobility (P<0.05) [Table1]. Correlation 
coefficient between difference in blood glucose level and duration of immobility was 
observed to be 0.8. 

In hyperglycemic condition the difference in blood glucose level was found to be 
26.0 ± 2.19 mg/dl and total duration of immobility was observed to be 77.75 ± 1.49 sec. 
Treatment with imipramine (10 mg/kg, i.p.), amitryptiline (10 mg/kg, i.p.), and fluoxetine 
(10 mg/kg, i.p), increased blood glucose level (P<0.05) from the initial level and 
decreased total duration of immobility (P<0.05). Trazodone (10 mg/kg, i.p.) treatment 
resulted in an insignificant increase in blood glucose level compared to vehicle treated 
mice but resulted in decreased duration of immobility [Table 2]. Correlation coefficient 
between increase in blood glucose level and duration of immobility was observed to be 
0.86. 

 
Table 2: Effect of various antidepressants on blood glucose level and duration of 
immobility in hyperglycemic condition (pretreatment with 5% Dextrose- 2 gm/kg) in 
forced swim test using mice 
 

Treatment  
(mg/kg) 

Difference in blood glucose level  
                 (mg/dl) 
 

Duration of immobility (sec) 40       
          min after treatment 
     

Vehicle 
 

26.0 ± 2.19 77.75 ± 1.49 

Amitryptiline  
(10) 

132.0 ± 16.35* 25.25 ± 1.65* 

Imipramine 
(10) 

71.75 ± 4.28* 31.5 ± 1.52* 

Fluoxetine 
(10) 

62.75 ± 1.25* 44.37 ± 3.87* 

Trazodone 
(10) 

40.0 ± 0.81 53.5 ± 2.69* 

F(4,20) 28.51 72.40 
 
n=5, observations are mean ± SEM (ANOVA followed by Dunnett’s test).* P < 0.05 as 
compared with vehicle group.  
Correlation between BGL and duration of immobility = -0.86 
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In alloxan treated mice, blood glucose level was observed to be 189.0 ± 3.24 
mg/dl and total duration of immobility was observed to be 77.5 ± 1.79 sec. Treatment 
with imipramine (10 mg/kg, i.p.), amitryptiline (10 mg/kg, i.p.), fluoxetine (10 mg/kg, 
i.p.), and trazodone (10 mg/kg, i.p.) in combination with alloxan increased blood glucose 
level (P<0.05) and decreased total duration of immobility (P<0.05) [Table 3] 
 
Table 3: Effect of various antidepressants on blood glucose level and duration of 
immobility in diabetic condition (pretreatment with alloxan- 200 mg/kg) in forced swim 
test using mice 
Treatment  
(mg/kg) 

Blood glucose level  30 min 
after treatment    (mg/dl) 
 

Duration of immobility (sec) 
40  min after treatment 
     

Vehicle 96.75 ± 11.66 87.25 ± 9.73 
Alloxan (200) 189.0 ± 3.24* 77.5 ± 1.79 
Amitryptiline  
(10) 

144.75 ± 3.83* 34.75 ± 1.88* 

Alloxan  + Amitryptiline  
(200)         (10) 

288.75 ± 4.87# 22.75 ± 0.85# 

Imipramine 
(10) 

127.25 ± 1.94* 57.75 ± 2.93* 

Alloxan  + Imipramine 
(200)         (10) 

267.5 ± 4.83 # 36.25 ± 1.79# 

Fluoxetine (10) 126.75 ± 4.11* 65.75 ± 1.70* 
Alloxan  + Fluoxetine 
(200)        (10) 

241.0 ± 3.48# 57.0 ± 1.82# 

Trazodone (10) 121.0 ± 10.7* 73.33 ± 2.09* 
Alloxan  + Trazodone 
(200)         (10) 

244.5 ± 3.24# 37.25 ± 0.85# 

F(9,40) 135.11 36.61 
n=5, observations are mean ± SEM (ANOVA followed by Dunnett’s test).* P < 0.05 as 
compared with vehicle group, # P < 0.05 as compared with alloxan group. Correlation 
between BGL and duration of immobility = -0.718 
 

Tail suspension test 

 In vehicle treated mice (euglycemic condition),  the difference in blood glucose 
level was found to be 8.75 ± 3.75 mg/dl and total duration of immobility was observed to 
be 192.25 ± 5.0 sec. Treatment with imipramine (10 mg/kg, i.p.), amitryptiline (10 
mg/kg, i.p.), fluoxetine (10 mg/kg, i.p.), and trazodone (10 mg/kg, i.p.) increased blood 
glucose level (P<0.05) from the initial level and decreased total duration of immobility 
(P<0.05) [Table 4]. Correlation coefficient between difference in blood glucose level and 
duration of immobility was observed to be 0.6. 

In chronic treatment, the difference in blood glucose level was found to be 12.12 
± 3.75 mg/dl and total duration of immobility was observed to be 194.75 ± 2.68 sec in 
mice treated with vehicle. Treatment with amitryptiline (10 mg/kg, i.p.) resulted in 
increased blood glucose level (P<0.05) from the initial level and total duration of 
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immobility was decreased (P<0.05). Chronic treatment with imipramine (10 mg/kg, i.p.), 
and fluoxetine (10 mg/kg, i.p.) showed an insignificant increase in blood glucose level 
(P>0.05) from initial level and the total duration of immobility was decreased (P<0.05). 
Chronic treatment of trazodone (10 mg/kg, i.p.) resulted in decreased blood glucose level 
(P<0.05) from the initial level and decreased total duration of immobility (P>0.05) [Table 
4]. Correlation coefficient between difference in blood glucose level and duration of 
immobility was observed to be - 0.8. 

 

Table 4: Effect acute and chronic treatment of various antidepressants on blood glucose 
level and duration of immobility in euglycemic condition in tail suspension test using 
mice 
Treatment  
(mg/kg) 

Difference in blood glucose level  
                 (mg/dl) 
   Acute                     Chronic 

Duration of immobility (sec) 40       
          min after treatment 
    Acute                      Chronic 

Vehicle 
 

8.75 ± 3.75 12.12 ± 3.75 192.25 ± 5.0 194.75 ± 2.680 

Amitryptiline  
(10) 

83.25 ± 6.78* 71.25 ± 9.59* 144.25 ± 1.10* 138.75 ± 7.34*  

Imipramine 
(10) 

35.0 ± 0.80* 20.75 ± 1.02 155.5 ± 5.25* 140.25 ± 3.11* 

Fluoxetine 
(10) 

30.33 ± 1.04* 14.5 ± 1.32 163.5 ± 3.70* 155.25 ± 1.70* 

Trazodone 
(10) 

34.25 ± 1.10* - 31.25 ± 4.34* 171.5 ± 3.73* 187.25 ± 1.37 

F(4,20) 59.25 52.04 20.08 45.72 
n = 5, observations are mean ± SEM (ANOVA followed by Dunnett’s test).* P < 0.05 as 
compared with vehicle group.  
Correlation between BGL (acute) and duration of immobility = -0.87,  
Correlation between BGL (chronic) and duration of immobility = -0.70 

 
In hyperglycemic condition the difference in blood glucose level was found to be 

24.5 ± 2.25 mg/dl and total duration of immobility was observed to be 176.25 ± 2.86 sec. 
Treatment with imipramine (10 mg/kg, i.p.), amitryptiline (10 mg/kg, i.p.), trazodone (10 
mg/kg, i. p.), and fluoxetine (10 mg/kg, i.p.) increased blood glucose level (P<0.05) from 
the initial level and decreased total duration of immobility (P<0.05) [Table 5]. 
Correlation coefficient between difference in blood glucose level and duration of 
immobility was observed to be 0.7. 

In hypoglycemic condition, the difference in blood glucose level was observed to 
be 10.0 ± 0.57 mg/dl and total duration of immobility was observed to be 206.25 ± 3.19 
sec. Treatment with imipramine (10 mg/kg, i.p.), amitryptiline (10 mg/kg, i.p.), and 
trazodone (10 mg/kg, i.p.) resulted in an insignificant increase in blood glucose level 
from the initial level and resulted in decreased total duration of immobility (P<0.05). 
Fluoxetine (10 mg/kg, i.p.) increased blood glucose level (P<0.05) from the initial level 
and decreased total duration of immobility (P<0.05). Correlation coefficient between 
difference in blood glucose level and duration of immobility was observed to be 0.5 
[Table 6]. 
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Table 5: Effect of various antidepressants on blood glucose level and duration of 
immobility in hyperglycemic condition (pretreatment with 5% Dextrose- 2 gm/kg) in tail 
suspension test using mice 
Treatment  
(mg/kg) 

Difference in blood glucose level  
                 (mg/dl) 
 

Duration of immobility (sec) 40       
          min after treatment 
     

Vehicle 
 

24.5 ± 2.25 176.25 ± 2.86 

Amitryptiline  
(10) 

127.5 ± 6.94* 119.0 ± 3.53* 

Imipramine 
(10) 

66.0 ± 2.73* 139.75 ± 1.25* 

Fluoxetine 
(10) 

57.5 ± 4.94* 140.75 ± 2.95* 

Trazodone 
(10) 

49.25 ± 5.73* 143.75 ± 3.44* 

F(4,20) 62.03 49.54 
 
n=5, observations are mean ± SEM (ANOVA followed by Dunnett’s test).* P < 0.05 as 
compared with vehicle group. Correlation =  - 0.90 
 

Table 6: Effect of various antidepressants on blood glucose level and duration of 
immobility in hypoglycemic condition (induced by physiological stress) in tail 
suspension test using  
Treatment  
(mg/kg) 

Difference in blood glucose level  
                 (mg/dl) 
 

Duration of immobility (sec) 40       
          min after treatment 
     

Vehicle 
 

10.0 ± 0.57 206.25 ± 3.19 

Amitryptiline  
(10) 

12.5 ± 0.94 117.0 ± 2.53* 

Imipramine 
(10) 

11.0 ± 0.73 129.75 ± 1.25* 

Fluoxetine 
(10) 

13.0 ± 0.94 143.75 ± 1.95* 

Trazodone 
(10) 

11.25 ± 0.73 146.75 ± 2.44* 

F(4,20) 2.95 210.80 
 
n=5, observations are mean ± SEM (ANOVA followed by Dunnett’s test).* P < 0.05 as 
compared with vehicle group. 

 
Reserpine antagonism 

In reserpine treated rat the difference in blood glucose level was found to be 9.5 ± 1.32 
mg/dl. Treatment with fluoxetine (10 mg/kg, i.p.), imipramine (10 mg/kg, i.p.), trazodone 
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(10 mg/kg, i.p.), and amitryptiline (10 mg/kg, i.p.) resulted in increased blood glucose 
level from initial level (P< 0.05) [Table 7]. Treatment with reserpine resulted in fall in 
rectal temperature whereas fluoxetine (10 mg/kg, i.p.), imipramine (10 mg/kg, i.p.), and 
amitryptiline (10 mg/kg, i.p.) antagonized reserpine induced hypothermia at 1 h. 
Imipramine (10 mg/kg, i.p.), and amitryptiline (10 mg/kg, i.p.) antagonized reserpine 
induced hypothermia at 1.5, 2, 2.5, and 3 h. The effect of reserpine induced hypothermia 
was not antagonized by trazodone (10 mg/kg, i.p.)  [Table 7]. 
 
Table 7: Effect of various antidepressants on blood glucose level and rectal temperature 
(0F) in acute reserpinised rats 
 
Treatment 
(mg/kg) 

Difference 
in BGL 
(mg/dl) 

Rectal Temperature in OF (Mean SEM) at 
 
0              60              90          120            150          180 min 

Reserpine (3)  9.5 ±1.32 98.12 ± 
0.47 

93.37± 
0.63 

92.90± 
0.30 

94.42± 
0.19 

93.95± 
0.27 

94.97± 
0.37 

Amitryptiline  
(10) + 
Reserpine (3) 

52.75 ± 
3.19* 

98.92± 
1.19 

98.32± 
1.06# 

98.20± 
0.54# 

100.3± 
0.54# 

100.4± 
0.58# 

100.38±
0.50# 

Imipramine 
(10) + 
Reserpine (3) 

28.25 ± 
3.34* 

98.6 ± 
0.50 

98.72± 
0.46# 

98.95± 
0.64# 

98.92± 
0.21# 

98.85± 
0.43# 

99.4± 
0.50# 

Fluoxetine 
(10) + 
Reserpine (3) 

35.0 ± 
1.22* 

98.52± 
0.42 

98.8± 
0.53# 

98.75± 
0.52 

98.37± 
0.39 

97.95± 
0.45 

98.25± 
0.59 

Trazodone 
(10) + 
Reserpine (3) 

22.75 ± 
0.94* 

98.12± 
0.31 

94.0± 
0.45 

93.75± 
0.77 

94.42± 
0.52 

96.55± 
0.25 

98.77± 
0.59 

n=5, observations are mean ± SEM (ANOVA followed by Dunnett’s test).* P < 0.05 as 
compared with reserpine group. # P < 0.05, analysed by Kruskal wallis test followed by 
Dunns test. BGL- blood glucose level, RT- rectal temperature 

 

Discussion 

It is known that antidepressants increase synaptic levels of noradrenaline (NA), serotonin 
(5-HT) and in some cases dopamine by inhibiting the reuptake of monoamine at the 
presynaptic terminals resulting in elevation of catecholamine extracellularly. Many 
antidepressants, which potentiate the action of catecholamine can cause hyperglycemia 
by action through α adrenoceptors (by inhibition of insulin secretion from β cell pancreas 
and reduction of glucose uptake by adipose tissues and muscles) and β adrenoceptors (by 
enhancing glycogenolysis and gluconeogenesis in liver and glycogen secretion from cells 
of islets of Langerhans)(21). Amitriptyline is known to potentiate amine mediated 
synaptic transmission in the central nervous system by blocking reuptake of 
noradrenaline and dopamine (22). Our observations are in congruence with those of 
Trulson and Himelii (23), who observed increased levels of noradrenaline in 
streptozotocin diabetic rats.  
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As the turnover rate of monoamine is decreased in diabetic rats (24), the effect of 
antidepressants was studied in mice treated with alloxan. Acute treatment with various 
antidepressant drugs has resulted in significant increase in blood glucose level and a 
significant decrease in the total duration of immobility in forced swim test and tail 
suspension test. Amitriptyline produced a more prominent increase in blood glucose level 
due to its potent reuptake inhibitory properties of NA and 5-HT at nerve endings (25) and 
a weak dopamine blocking effect (26). Fluoxetine, a selective serotonin reuptake 
inhibitor increased blood glucose level and total duration of immobility was reduced. 
Cryan et al., (27) have suggested that activation of 5-HT2C receptor may be responsible 
for imparting the antidepressant property of fluoxetine and other antidepressants. 
Trazodone, an atypical antidepressant is a 5-HT2 receptor antagonist and has weak 5-HT 
uptake inhibitory properties. It is metabolized to m- chlorophenylpiperazine (m-cpp) 
which is a 5-HT1A, 5-HT1B, 5-HT 1C agonist as well as 5-HT2A/2C agonist (28). It is 
reported that m-CPP dose dependently increases plasma glucagon level which is 
mediated by 5-HT2A/2B receptors, which in turn facilitates adrenaline release (29).  

Chronic treatment with tricyclic antidepressants increased blood glucose level 
which was less prominent as compared to their acute treatment because long term 
administration of antidepressant results in desensitization of presynaptic α2 receptor (30)  
as activation of α2 receptor reduces adenylate cyclase in islet homogenate and α agonist 
lowers c-AMP in intact islet cells resulting in inhibition of insulin release (31). The 
decrease in total duration of immobility is due to the fact that repeated administration of 
tricyclic antidepressant drug reduces mice immobility in forced swim test by a 
mechanism which seems to involve down regulation of β and presynaptic α 
adrenoceptors (32). An overall increase of serotonergic neurotransmission caused by 
desensitization of 5-HT1A autoreceptors in serotonergic dorsal raphe complex may be 
involved which justifies the observations of chronic treatment of fluoxetine. Chronic 
administration of trazodone showed a significant decrease in blood glucose level which 
may be related to the down regulation of 5-HT1A receptors which is involved in blood 
glucose regulation (6). 

In hyperglycemic condition induced by dextrose in our study, counter-regulatory 
hormone, insulin, may be released but antidepressant drugs increase blood glucose by 
increasing sympathetic transmission and rendering insulin less effective (33). In 
hypoglycemic condition (induced by swim test in our study), the sensitivity to the effect 
of insulin is enhanced after physical exercise (34). The counter regulatory hormones 
adrenaline, glucagon, growth hormone are released which may increase glucose output as 
observed with antidepressants. Alloxan in combination with antidepressants increased 
blood glucose level and total duration of immobility decreased in comparison to 
antidepressant treatment when given alone. This observation is similar to the findings of 
Sevak et al., (13) who observed that haloperidol is less potent to produce catalepsy in 
diabetic rats is consistent with reports of altered dopamine receptor binding in diabetes. 
Reserpine by depleting NA and 5-HT stores induces hypothermia (35). Depletion of NA 
and 5-HT is expected to modulate glucose homeostasis. Antidepressants antagonize the 
effect of reserpine and may also affect glucose regulation. In our study all the selected 
antidepressant drugs except trazodone antagonized reserpine induced hypothermia. Thus, 
in conclusion, the study reveals a good correlation between blood glucose level and 
antidepressant activity amongst various marketed antidepressants.  



Pharmacologyonline 2: 1-13 (2008)                             Kasture and Mohan 

 11

Acknowledgement 

The authors acknowledge technical assistance by Mr. Vikas Jain. 

 
References 

 
1. Tsoi WF. The depressed patient. Med Prog. 1985; 12:13 
 
2. Bunney WE, Davis J. Norepinephrine in depressive reactions: A review. Arch Gen   
    Psychiatr 1965;13: 483-94. 
 
3. Gannog WE. Endocrine function of the pancreas and the regulation of carbohydrate  
    metabolism. Review of Medical physiology Prontice – Hall international Inc. 16th Ed,   
   1993; 302-22. 
 
4. Gupta B, Awasti A and Jaju BP. Effect of acute and chronic imipramine treatment on  
    glucose homeostasis. Indian J Med Res 1992; 8:65-71. 
 
5. Yamada J, Sugimoto Y, Inwick. Selective serotonin reuptake inhibitors fluoxetine and   
    fluvoxamine induced hyperglycemia by different mechanism. Eur J Pharmacol 1999;    
    382: 211-13. 
 
6. Yamada J, Sugimoto Y and Yoshikawa T. p-Chloroamphetamine, a serotonin   
     releasing drug elicited in rats a hyperglycemia mediated by 5HT1A and 5HT2B/2C    

       receptors. 1998; 359 (2): 185-90. 
 
 7. Velayudhan NK. Neural  regulation of glucose homeostasis. Indian J Physiol   

     Pharmacol 1999; 43: 415-24. 
 
8. Souza WE, Freitas CG, Marinoneto J, Pasvhoalini MA. Central beta-adrenoceptor   
     involvement in neural control of blood glucose in pigeons. Physiol Behav 1996;    
    60: 889-94. 
 
9. Saransari P, Oja SS. Enhanced GABA released in cells damaging conditions in the    
    adult and developing mouse hippocampus.Int J Dev Neurosci 1997; 15: 163-74. 
 
10. Lustman PJ,Griffith LS, Clouse RE.Depression  in adults with diabetes. Diabetic care        

1988; 11:605-12. 
 
11. Lustman PJ, Clouse RE, Anderson RJ, Freedland KE, Groot M de, Carney RM.    
      Depression in poor glycemic control: a meta -analytic review of the literature.    
      Diabetic care 2000; 23(7): 934-42. 
 
 12. Watkins Lana L., Richard S. Surwit, Paul Grossman, and Andrew Sherwood. Is there    

a glycemic threshold for impaired autonomic control? Diabetes Care 2000; 23:826-
30. 



Pharmacologyonline 2: 1-13 (2008)                             Kasture and Mohan 

 12

 
13. Sevak RJ, Koek W, France CP. Streptozotocin-induced     diabetes differentially 

modifies haloperidol- and γ-hydroxybutyric acid (GHB)-induced catalepsy European 
Journal of Pharmacology 2005; 517: 64-67 

 
14. Khisti RT, Mandhane SN, Chopde CT. Haloperidol-induced catalepsy; a model for 

screening antidepressants effective in treatment of depression and Parkinson’s 
disease. Indian J Exp Biol. 1997; 35: 1297-301 

  
15. Sandyk R. The Relationship Between Diabetes Mellitus and Parkinson'S Disease. Int.      

J. Neurosci, 1993; 69: 125-130 
 

16. Rajendra MN, Thirrunan Somhandam P, Parvathavarthini, Viswanathan S,   
      Ramaswamy S. Modulation of insulin rather than blood glucose of the pain threshold     
      in acute physiological and Hand one induced antinociception in mice. Indian J Exp    
      Biol 2001; 39: 1009-116. 
 
17. Vogel GH. Drug discovery and evaluation. Pharmacological assays. Springer-Verlag  
      Berlin Heidelberg New York. 2002; 2nd edition. pp 950. 
 
18. Porsolt RP, Anton G, Blavet N, Tarfre M. Behavioral despair in mice. A primary   
      screening test for antidepressants. Eur J Pharmacol  1978; 47:379-91. 
 
19. Steru, Lucien. Tail suspension  test a new model for screening antidepressant.    
      Psychopharmacol1985; 85:367-70. 
 
20. Vogel GH. Drug  discovery and evaluation. Pharmacological assays. Springer-Verlag  
      Berlin Heidelberg New York.  2002; 2nd edition. pp 569.  
 
21. Gupta B, Awasthi A, Jaju BP. Effect of acute & chronic imipramine treatment on     
      glucose homeostasis. Indian J Med Res1992; 96: 65–71. 
      

22. Baldessarini RJ. Treatment of depression by altering monoamine metabolism:                       
precursors and metabolic inhibitors. Psychopharmacol Bull. 1984; 20: 224-229  

 
23. Trulson ME, Himelli CD. Insulin and streptozotocin-induced diabetes on brain     

noeepinephrine metabolism in rats. J. Neurshem 1985 ; 44 : 1873-1876. 
 
24. Bitar M, Koulu M, Rapoport SI, Linnoila M Diabetes-induced alteration in  
      brain monoamine metabolism in rats. Pharmacol and Expt Ther 1986; 236(2): 432-     
      37.  
 
25. Coppen A, Ramarao VA, Swade C, Wood K. Inhibition of 5-hydroxytryptamine     
      reuptake by amitriptyline and zimelidine and its relationship to their therapeutic     
      action. Psychopharmacol 1979;  2: 125-29. 
   



Pharmacologyonline 2: 1-13 (2008)                             Kasture and Mohan 

 13

26.  Tricyclic antidepressants (TCAs). www.cnn.com/HEALTH/library/MH/00071. 
 
27. Cryan JF, Lucki I. Antidepresssant like behavioral effects mediated by 5-     
      hydroxytryptamine2C. J Pharmacol Exp Ther 2000; 295:1120-6. 
 
28. Bilkei-Gorz OA, Gyerty I, Levay G. m-CPP induced anxiety in the light-dark box in  
      rats –a new method for screening anxiolytic activity. Psychopharmacol 1998;     
     136: 291-8. 
 
29. Yamada J, Sugimoto Y. The 5-HT2C/2B receptor agonist m-chlorophenylpiperazine    
      increases plasma glucagon level in rats. Eur J Pharmacol. 2000; 406 :153- 7. 
 
30. Baldessarini RJ.Drug  and treatment of psychiatric disorder. In: Goodman and  
      Gilman’s The Pharmacological Basis of Therapeutics. Goodman LS, Rall TW, Murad   
      F (Eds) Macmilan Publishing Co. New York.1985; 7: 387. 
 
31. Stanford SC, Nutt DJ. Comparison of the effect of the repeated electroconvulsive  
      shock on alpha-2 and beta adrenoceptor in different regions of the rat brain. Neurosci      
      1982; 7: 1753-8.  
 
32. Somanin R, Nowakowska E. Repeated treatment with amitriptyline reduces      
      immobility in the behavioral despair test in rats by activating dopaminergic and β  
      adrenergic mechanisms. J of Pharm and Pharmacol 1985; 37:137-38. 
 
33. Montgomery BJ. Tricyclic antidepressant and phenothiazines. JAMA  1978; 240:423. 
 
34. Stallknecht B, Kjaer M, Milkines KJ. Diminished epinephrine response to          
      hypoglycemia despite enlarged adrenal medulla in trained rats. Am J Physiol 1990;  
      259: R998-R1003.  
 
35. Brookhart GL, Edgecomb RS, Murdock LL. Amphetamine and Reserpine  
      Deplete Brain Biogenic Amines and Alter Blow Fly Feeding Behavior  
      Journal of Neurochemistry 1987; 48 (4), 1307–1315. 


