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Abstract: The effects of diabinese, a known antidiabetic drug, and the combined effects of diabinese 

and nicotinic acid, a vitamin and antilipidemic drug, were studied in rabbits with dithizone-induced 

diabetes. Side effects of diabinese include hypoglycemia and liver toxicity. Dithizone was used 

to induce partial experimental diabetes and to increase blood glucose significantly (P , 0.05) by 

31.3%, 23.5%, 19.5, 24.7%, and 23.9% in groups A (single therapy of diabinese 10 mg/kg body 

weight), B (10 mg of diabinese and nicotinic acid 150 mg/kg), C (10 mg diabinese and nicotinic 

acid 200 mg/kg), D (10 mg diabinese and nicotinic acid 250 mg/kg) and E control (distilled water 

5 mL), respectively. Dithizone administration also increased bilirubin, alkaline phosphatase (ALP), 

aspartate aminotransferase (AST), and alanine aminotransferase (ALT) levels by 28.9%–35.6%, 

41.2%–54.8%, 40.1%–46.1%, and 60.9%–68.4%, respectively. Diabinese monotherapy reduced 

bilirubin levels, while combined therapy reduced glucose, ALP, AST, and ALT levels more than 

single therapy. Reduction from the hyperglycemic level 48 hours after drug administration was 

20.0%, 24.6%, 41.0%, and 42.0% for groups A, B, C, and D, respectively, and was concentration-

dependent. Also, combined therapy produced a significant (P , 0.05) decrease in AST and ALT 

levels, especially at 72 hours after drug administration, but did not affect ALP levels. No significant 

changes in glucose, bilirubin, ALP, AST, and ALT levels were observed in Group E (control). This 

study shows that liver toxicity and the hypoglycemic side effects of diabinese could be managed 

by the concomitant administration of nicotinic acid.

Keywords: dithizone-induced diabetes, diabinese, nicotinic acid, liver enzymes

Introduction
An association exists between diabetes and liver injury.1 Liver pathology in diabetics 

is similar to that seen in alcoholic liver disease,2 including fatty liver,3 fibrosis, and 

cirrhosis.4–6 Elevated serum aspartate (AST) and alanine aminotransferase (ALT) 

levels,7–9 and sometimes gamma glutamyl transferase (GGT)10 are frequently found 

in both humans and experimental models of diabetes.11

Sulfonylureas have been used as first-line oral antihyperglycemic agents for 

Type 2 diabetes since 1954. Hepatotoxicity of antidiabetic drugs has been reported.12 

Other antidiabetic drugs associated with severe liver disease include acarbose13,14 and 

troglitazone.15,16 Pioglitazone is effective in reducing triglycerides, and does not cause 

hypoglycemia, liver impairment, or rhabdomyolysis.17 Sulfonylureas have significant 

side effects, including hypoglycemia and weight gain (typically 4–6 kg).18,19 They have 

no effects on lipids. This lack of benefit for protection against cardiovascular compli-

cations may be related to the fact that these agents cause hyperinsulinemia, which is 

associated with the metabolic syndrome.20 There are also drug interactions associated 
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with the sulfonylureas, including with drugs that increase or 

decrease glucose or insulin (which would interact with all oral 

antihyperglycemic agents) and drugs that increase their renal 

excretion, hepatic metabolism, or displace them from protein-

binding sites.21 Diabetic patients receiving these drugs should 

be monitored closely for these adverse effects.

Many drugs are known antilipolytic substances, and 

include statins, fibrates, bile acid sequestrants, cholesterol 

absorption inhibitors, and niacin (nicotinic acid).22,23 Of the 

available agents, nicotinic acid (vitamin B
3
) has the most 

powerful effect on dyslipidemia. High-dose statin therapy 

is associated with persistent elevations in ALT, AST, or 

both.24 Interestingly, the risk does not increase when nicotinic 

acid is combined with a statin, which has been confirmed in 

clinical studies.25,26

Multiple studies have investigated the effects of nico-

tinic acid on insulin resistance. One retrospective study 

suggested that the use of moderate doses of nicotinic acid 

may play a role in the control of diabetes. Nicotinic acid 

and nicotinamide overload have been reported to impair 

glucose tolerance and induce insulin resistance.27,28 Like 

statins, nicotinic acid is a known antilipidemic drug, and has 

been shown to be effective in treating diabetic dyslipidemia 

in the presence of aggressive oral hypoglycemic agents.29 

There is a paucity of data on administration of nicotinic 

acid in combination with the antidiabetic drug, diabinese, 

in the management of diabetes and treatment-associated 

liver disease. The aim of this study was to investigate the 

use of nicotinic acid in combination with diabinese for 

the management of diabetes and associated liver disease 

in rabbits.

Materials and methods
Animals
Five groups (n = 3 each) of healthy male albino rabbits 

with an average weight of 0.2–0.3 kg were used. Avail-

ability of food, water, ambient temperature, and proper 

ventilation were maintained throughout the study. All 

rabbits were confirmed to have normal glucose levels 

before induction of diabetes. The rabbits were treated 

according to the ethical guidelines of the Animal Center, 

University of Port Harcourt, Choba, and the experimental 

protocol was approved by the Animal Studies Committee 

of the University of Port Harcourt, Nigeria. Diabetes was 

induced by intraperitoneal injection of dithizone 5 mg/kg 

body weight. Seventy-two hours was allowed for full 

development of diabetes. After 72 hours, hyperglycemic 

glucose levels were determined.

Drug administration
Oral administration of diabinese or chlorpropamide (Pfizer, 

NewYork, NY) and/or nicotinic acid (Light and Co., Ltd, St. Louis, 

MO) were given to groups A, B, C, and D. Group A was given 

diabinese 10 mg/kg. Group B was given diabinese 10 mg/

kg +  nicotinic acid 150 mg/kg. Group C was given diabinese 

10 mg/kg + nicotinic acid 200 mg/kg. Group D was given diabi-

nese 10 mg/kg + nicotinic acid 250 mg/kg. Group E (control) 

rabbits became diabetic, but were given 5 mL of distilled water.

Blood collection and analysis
Blood was drawn before and after dithizone injection. Further 

collection of blood was done at 24, 48, and 72 hours after oral 

administration of diabinese and nicotinic acid. All parameters 

were analyzed using Reflotron (a modern discrete chemistry 

autoanalyzer; Roche, Mannheim, Germany). Blood glucose 

levels were determined using the glucose oxidase method 

described by Trinder,30 and bilirubin and alkaline phosphatase 

(ALP) were analyzed using the methods described by Steihi31 

and Heins.32 AST and ALT levels were determined using the 

method described by Reitman and Frankel.33

statistical analysis
Statistical analysis was carried out using the Statistical Package 

for Social Sciences (version 10; SPSS Inc., Chicago, IL). Data 

are expressed as mean ± standard deviation (SD). Descriptive 

analysis of percentages of continuous variables is reported. 

Comparisons were assessed using means and analysis of 

variance testing. A P value of , 0.05 was considered to be 

statistically significant for all statistical comparisons.

Results
Effects of treatment on glucose levels
Dithizone significantly increased glucose levels within the range 

19.5%–31.3% in all treatment groups, with no significant dif-

ference between groups A, B, C, and D at 24 hours regardless 

of whether diabinese was administered as monotherapy or in 

combination with nicotinic acid. However, after 48 hours, there 

was a significant decrease in glucose levels in all groups. Rab-

bits administered the combination of diabinese and the highest 

dose of nicotinic acid showed the most significant decrease in 

blood glucose levels (by 42%). Diabinese without nicotinic 

acid (Group A) produced the least decrease (20%). The results 

also showed a significant reduction in blood glucose as the 

concentration of nicotinic acid was increased. We observed a 

20.0%, 24.6%, 41.0%, and 42.0% reduction in blood glucose 

at 48 hours after administration of diabinese and nicotinic acid 

for groups A, B, C, and D, respectively. Group E did not show 

any reduction in glucose levels, as shown in Table 1.
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Table 1 Effects of diabinese and nicotinic acid on glucose levels in rabbits with dithizone-induced diabetes

Study groups Normal glucose levels pre-
induced diabetes (mg/dL)

Glucose levels 72 hours post- 
induced diabetes (mg/dL)

Hours after administration of drugs
24 48 72

group A (diabinese  
10 mg/kg)

104.7 ± 2.2c 149.7 ± 5.13c 110.0 ± 1.00c 105.3 ± 0.88c,a 102.9 ± 0.10c,a,b

d/f from diabetic  
level (%)

31.3 100 36.3 20.0 32.2

group B (diabinese  
10 mg + nicotinic acid 
150 mg/kg)

108.3 ± 1.16d 141.3 ± 2.08d 102.3 ± 2.09d 103.5 ± 0.51d,a 100.6 ± 0.53d,a,b

d/f from diabetic  
level (%)

23.5 100 27.7 26.6 29.1

group c (diabinese  
10 mg + nicotinic acid 
200 mg/kg)

103.0 ± 1.00e 146.7 ± 3.52e 91.3 ± 2.52e 88.3 ± 0.58e,a 85.2 ± 0.35e,a,b

d/f from diabetic  
level (%)

19.5 100 47.5 40.0 41.8

group D (diabinese  
10 mg + nicotinic acid 
250 mg/kg)

107.3 ± 2.52v 142.0 ± 4.03v 86.3 ± 1.53v 82.3 ± 0.58v,a 81.2 ± 0.76v,a,b

d/f from diabetic  
level (%)

24.7 100 40.0 42.1 42.9

group E (distilled  
water 5 mL)

106.8 ± 2.12m 141.1 ± 1.13m 144 ± 1.12m 146.6 ± 0.99m,a 146.0 ± 2.00m,a,b

d/f from diabetic  
level (%)

24.3 100 2.6 3.9 3.5

Note: Values represent mean ± standard error of mean of three samples in a group (n = 3). statistical analysis was done using analysis of variance. Values were considered 
significant at P , 0.05 and LSD was used to compare the means. Values with the same superscript are significant.

Effects of treatment on bilirubin levels
Dithizone signif icantly increased bilirubin levels by 

28.9%–35.6%. There was a significant reduction in bilirubin 

in all treatment groups except for the control group. Single 

therapy with diabinese reduced bilirubin levels more than 

combined therapy. Thus, the reduction in Group A (diabinese 

without nicotinic acid) was 40.0%, 38.1%, and 20.9% after 

24, 48, and 72 hours, respectively, after diabinese adminis-

tration for Group B (diabinese + nicotinic acid 150 mg/kg), 

the reduction was 27.8%, 30.8%, and 22.0%, respectively. 

Increasing concentrations of nicotinic acid in combination 

with diabinese produced a significant reduction of bilirubin. In 

Group D (treated with diabinese + nicotinic acid 250 mg/kg), 

the reduction was 40.0%, 26.7%, and 38.9%, respectively, 

compared with 28.0%, 28.3%, and 29.0% for Group C at 

24, 48, and 72 hours after drug administration, as shown in 

Table 2.

Effects of treatment on ALP levels
Dithizone signif icantly increased ALP levels by 

41.2%–54.8% three days following intraperitoneal injec-

tion. Groups A to D showed a significant reduction in 

ALP levels at 24, 48, and 72 hours after both diabinese 

alone and in combination with nicotinic acid. Increasing 

concentrations of nicotinic acid did not affect ALP levels 

except after 24 hours, when there was a significant decrease 

in levels of this enzyme as the concentration of nicotinic 

acid increased. The reduction was 55.5%, 59.1%, 52.5%, 

54.0%, and 0.98%, respectively, for groups A, B, C, D, and 

E, as shown in Table 3.

Effects of treatment on AsT levels
Dithizone administration resulted in a significant increase in 

AST levels from a range of 35.7–39.2 U/L to 62.0–71.0 U/L. 

AST levels were significantly reduced as the time since 

induction of diabetes increased, but increased significantly at 

24–72 hours. Seventy-two hours after dithizone administra-

tion, AST levels decreased significantly as the concentration 

of nicotinic acid was increased. Levels were significantly 

reduced by diabinese and nicotinic acid combination therapy 

(Groups B, C, and D) than on diabinese alone (Group A). The 

ranges of the reductions were 36.3%–41.2%, 26.3%–31.8%, 

24.5%–34.9%, and 35.3%–36.0% for groups A, B, C, and D, 

respectively, as shown in Table 4.

Effects of treatment on ALT levels
Dithizone administration produced an increase in ALT lev-

els in groups A, B, C, and D by a range of 60.9%–68.4%. 
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Table 2 Effects of diabinese and nicotinic acid on bilirubin levels in rabbits with dithizone-induced diabetes

Study groups Normal bilirubin level  
(mg/dL) pre-induced  
diabetes

Bilirubin levels (mg/dL)  
72 hours post-induced  
diabetes

Hours after administration of drugs

24 48 72
group A (diabinese 
10 mg/kg)

0.80 ± 0.02f 1.15 ± 0.04f 0.69 ± 0.03b,c,f,g 0.71 ± 0.01a,b,f,g 0.81 ± 0.02b,c,f,g

d/f from diabetic  
level (%)

31.5 100 40.0 38.1 20.9

group B (diabinese  
10 mg + nicotinic  
acid 150 mg/kg)

0.82 ± 0.14r 1.14 ± 0.0r 0.83 ± 0.03b,c,r 0.79 ± 0.02b,a,r 0.89 ± 0.03r,b,c

d/f from diabetic  
level (%)

28.9 100 27.8 30.8 22.0

group c (diabinese  
10 mg + nicotinic  
acid 200 mg/kg)

0.84 ± 0.06i 1.25 ± 0.02i 0.90 ± 0.03b,c,i,g 0.90 ± 0.02a,b,i,g 0.77 ± 0.01b,c,i,g

d/f from diabetic  
level (%)

32.8 100 28.0 28.0 39.4

group D (diabinese  
10 mg + nicotinic  
acid 250 mg/kg)

0.80 ± 0.13d 1.20 ± 0.02d 0.72 ± 0.02b,c,d,g 0.88 ± 0.02b,a,d 0.83 ± 0.0b,c,d,g

d/f from diabetic  
level (%)

35.6 100 40.0 26.7 38.9

group E (distilled  
water 5 mL)

0.81 ± 0.01x 1.21 ± 0.12x 1.19 ± 0.10 1.20 ± 0.02 1.21 ± 0.05

d/f from diabetic  
level (%)

35.5 100 1.5 0.09 0.00

Note: Values represent mean ± standard error of mean of three samples in a group (n = 3). statistical analysis was done using analysis of variance. Values were considered 
significant at P , 0.05 and LSD was used to compare the means. Values with the same superscript are significant.

Increasing nicotinic acid concentrations resulted in a 

decrease in ALT levels, which was not significant until 

72 hours after administration of the various combined thera-

pies. When single therapy was compared with combined 

therapy, there was a significant decrease in ALT levels only 

with diabinese alone, especially at 24 hours. We observed 

reductions in ALT levels of 72.1%, 68.9%, 65.9%, 68.9%, 

and 0.9% for groups A, B, C, D, and E, respectively. Group 

E showed no significant variation in ALT levels throughout 

the study. The effects of diabinese and nicotinic acid on 

ALT levels in dithizone-induced diabetic rabbits are shown 

in Table 5.

Discussion
In this study, dithizone, a known metal chelator34 and 

antidiabetic agent, was used to induce partial diabetes. Par-

tial destruction of islets in dogs, cats, and rats treated with 

dithizone has been demonstrated.35 In the present study, 

dithizone was used to induce experimental diabetes by rais-

ing the blood glucose level significantly by 19.5%–31.3%. 

Previous research has indicated that very low concentrations 

of dithizone can be used for differential staining of islets for 

transplantation.36

In Rerup’s review,37 it was reported that dithizone-

induced diabetes shows similar phasic fluctuations along 

with selective damage to insulin-producing cells, and that 

phasic glycemia comprises initial hyperglycemia, followed 

by hypoglycemia, and, finally, permanent hyperglycemia. We 

achieved phasic glycemia in the present study by allowing 

the development of diabetes for 72 hours. A previous study 

used alloxan to induce experimental diabetes.37 Development 

of diabetes was shown to be connected with its ability to 

chelate metals like zinc. Insulin-producing cells are devoid 

of zinc in dithizone-induced diabetes of long duration with 

high hyperglycemia.38

Increasing concentrations of nicotinic acid decreased 

glucose levels. However, because one of the side effects of 

sulphonylureas (including diabinese) is excessive hypogly-

cemia, excessive administration of nicotinic acid may not 

be advisable because combined therapy has the potential 

to decrease glucose levels excessively, and moreso than 

diabinese alone. The findings of this study showed that 

nicotinic acid at a very low concentration can be used in 

combination with diabinese in the management of patients 

with diabetes. This is evident from the results of our study 

wherein diabinese monotherapy achieved a reduction in 
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Table 3 Effects of diabinese and nicotinic acid on alkaline phosphatase levels in rabbits with dithizone-induced diabetes

Study groups ALP level (U/L) pre-induced 
diabetes (normal level)

ALP level (U/L) 72 hours post-
induced diabetes

Hours after administration of drugs
24 48 72

group A (diabinese  
10 mg/kg)

121.0 ± 1.00a 226.0 ± 24.25a 101.0 ± 2.00a,b,d 98.3 ± 1.53a,d 102.5 ± 4.07a

d/f from diabetic  
level (%)

47.5 100 55.5 57.8 54.5

group B (diabinese  
10 mg + nicotinic  
acid 150 mg/kg)

123.3 ± 12.58v 215.0 ± 18.03v 88.7 ± 1.53v,c,b,d 100.0 ± 2.00b,d 100.3 ± 1.13v

d/f from diabetic  
level (%)

43.8 100 59.1 54.5 54.4.

group c (diabinese  
10 mg + nicotinic  
acid 200 mg/kg)

126.7 ± 8.33m 213.0 ± 3.61m 98.7 ± 3.06m,c,d 101.0 ± 1.00m 98.0 ± 1.00m,b

d/f from diabetic  
level (%)

41.6 100 54.0 52.3 54.1

group D (diabinese  
10 mg + nicotinic  
acid 250 mg/kg)

123.0 ± 7.21x 222.7 ± 3.52x 108.3 ± 3.5x,b,d 104.0 ± 2.65x,b 96.4 ± 1.22x,b

d/f from diabetic  
level (%)

54.8 100 52.5 53.2 57.2

group E (distilled  
water 5 mL)

120.0 ± 6.0q 204.1 ± 2.12q 202.1 ± 5.12 203.4 ± 6.32 202.0 ± 4.90

d/f from diabetic  
level (%)

41.2 100 0.98 0.49 0.98

Note: Values represent mean ± standard error of mean of three samples in a group (n = 3). statistical analysis was done using analysis of variance. Values were considered 
significant at P , 0.05 and LSD was used to compare the means. Values with the same superscript are significant.
Abbreviation: ALP, alkaline phosphatase.

glucose levels of 36.3% and combined therapy of diabi-

nese and nicotinic acid 150 mg/kg reduced glucose levels 

by 27.7% after 24 hours. It appears from our study that 

nicotinic acid at a dose of 150 mg/kg in combination with 

diabinese may be optimal in the management of diabetes 

in rabbits. When further reduction of blood glucose is 

required, higher concentrations of nicotinic acid can be 

introduced.

After injection of dithizone, 72 hours was allowed 

for full development of diabetes. Induction of diabetes 

with dithizone was similar to that induced by alloxan.39 

Dithizone-induced diabetes also resulted in an increase in 

bilirubin, ALT, AST, and ALP levels by 28.9%–35.6%, 

60.9%–68.4%, 40.1%–46.1%, and 41.6%–54.8%, respec-

tively. Consistent with previous reports indicating that 

diabetes correlates with liver disease and an associated 

increase in levels of liver enzymes in the blood is seen in 

both humans and experimental animal models, our study 

showed a significant increase in liver enzymes in rabbits 

with dithizone-induced diabetes.7,8,11

Previous studies have reported increased lipid peroxida-

tion in the liver, kidney, and brain tissues of diabetic rats.40,41 

This may be because the tissues contain relatively high 

concentrations of easily peroxidizable fatty acids. The dia-

betic liver showed relatively severe impairment in  antioxidant 

capacity compared with that in the kidney. The increase 

in oxygen free radicals seen in diabetes could primarily 

be due to increased blood glucose levels which generate 

free radicals upon auto-oxidation, and secondarily due to the 

effects of diabetogenic agents, such as dithizone or alloxan.42 

Increased lipid peroxidation impairs membrane function by 

decreasing membrane fluidity and changing the activity of 

membrane-bound enzymes.43 Its products (ie, lipid radicals 

and lipid peroxide) are harmful to cells in the body and are 

associated with high levels of these enzymes in diabetes. 

This may explain the increase in these enzymes found in 

dithizone-induced diabetes.

Findings by Debbie et al44 provide further support for 

the suggestion that obesity and diabetes are related to liver 

pathology. In adjusted models they showed that a one SD 

increase in body mass index was associated with a 0.46 U/L 

(95% confidence interval [CI]: 0.16–0.75) increase in ALT 

and a 2.14 U/L (95% CI: 0.99–3.30) increase in GGT. 

Similarly, results for a one SD increase in waist:hip ratio 

were 13.96 (95% CI: 10.44–17.48) for ALT and 39.44 

(95% CI: 25.89–52.98) for GGT. In the present study, 
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Table 4 Effects of diabinese and niacin on aspartate aminotransferase levels in rabbits with dithizone-induced diabetes

Study groups AST level (U/L) pre-induced 
diabetes (normal level)

AST level (U/L) 72 hours 
post-induced diabetes

Hours after administration of drugs
24 48 72

group A (diabinese 
10 mg)

39.3 ± 2.89k 71.0 ± 19.06k 45.1 ± 1.05a,c,k 45.1 ± 0.21d,e,k 41.2 ± 0.10s,k

d/f from diabetic  
level (%)

46.1 100 36.3 36.3 42.3

group B (diabinese 
10 mg + niacin  
150 mg/kg)

38.6 ± 2.20y 63.0 ± 5.87y 44.3 ± 6.1c,y 46.1 ± 1.6d,e,f,y 43.0 ± 0.63s,y

d/f from diabetic  
level (%)

40.1 100 31.2 26.3 31.8

group c (diabinese 
10 mg + niacin  
200 mg/kg)

36.5 ± 2.23v 62.2 ± 19.60v 43.7 ± 8.0a,c,v 47.1 ± 0.10e,f 41.3 ± 0.51s,v

d/f from diabetic  
level (%)

41.2 100 30.7 24.5 34.9

group D (diabinese 
10 mg + niacin  
250 mg/kg)

35.7 ± 5.75b 63.4 ± 5.89b 41.3 ± 1.26c,b 46.0 ± 1.0d,e,f,b 42.0 ± 0.01s,b

d/f from diabetic  
level (%)

44.5 100 35.0 27.0 33.4

group E (distilled  
water 5 mL)

36.2 ± 3.80f 66.2 ± 2.21f 66.0 ± 2.21 65.3 ± 3.23 65.9 ± 2.41

d/f from diabetic  
level (%)

45.5 100 0.3 1.4 0.5

Note: Values represent mean ± standard error of mean of three samples in a group (n = 3). statistical analysis was done using analysis of variance. Values were considered 
significant at P , 0.05 and LSD was used to compare the means. Values with the same superscript are significant.
Abbreviation: AsT, aspartate aminotransferase.

there was a significant larger decrease (P , 0.05) in ALT 

with single therapy than with combined therapy 24 hours 

after drug administration. We observed a 72.1%, 68.9%, 

65.9%, 68.9%, and 0.9% reduction from high ALT levels in 

groups A, B, C, D, and E, respectively, after 24 hours. This 

result suggests that the best way to decrease the increased 

ALT seen in diabetic rabbits is to allow the combination 

of diabinese and nicotinic acid therapy to act for a longer 

time. On the other hand, the AST level was reduced signifi-

cantly (P , 0.05) more in rabbits who received combined 

therapy with diabinese and nicotinic acid (groups B, C, and 

D) than in rabbits who received diabinese alone (Group A) 

from 24–72 hours. These observations suggest that the 

increased ALT and AST levels observed in diabetes7,42 and 

associated with the use of antidiabetic drugs,12–14 including 

diabinese, can be reduced when diabinese is combined with 

nicotinic acid.

An increase in the concentration of nicotinic acid 

when combined with diabinese did not affect ALP lev-

els, except after 24 hours when there was a significant 

decrease (P , 0.05) in levels of the enzyme as the con-

centration of nicotinic acid increased. A single 375 mg 

dose of extended-release nicotinic acid given to patients 

with meals decreased serum ALP levels significantly from 

107Â ± 66 IU/L to 82Â ± 46 IU/L (P , 0.001).45 Similar 

results were observed in the present study with rabbits in 

which ALP decreased from diabetic levels in groups B, C, 

and D. After 48 hours, ALP levels were seen to decrease 

significantly with increasing nicotinic acid concentration. 

We observed ALP levels of 102.5 ± 4.07, 100.3 ± 1.13, 

98.0 ± 1.00, and 96.4 ± 1.22 U/L for groups A, B, C, and 

D, respectively.

Nicotinic acid and statins are widely recognized as 

antilipidemic drugs. In controlled clinical trials, 0.3%–4.6% 

of patients receiving statins discontinued therapy because of 

adverse effects, mainly rash, musculoskeletal pain, asymp-

tomatic increases in AST and/or ALT concentrations, and 

mild, nonspecific gastrointestinal disturbances. Increases in 

AST and ALT levels to more than three times the upper limit 

of normal occurring on at least two occasions were reported in 

0.1%–3% of patients receiving statins for at least 11 months. 

These increases were generally dose-dependent but, impor-

tantly, were not associated with jaundice.10 Similarly, in a 

previous report, a 12-week course of simvastatin therapy 

resulted in an increase in AST and ALT levels from a mean 

of 22.1 ± 6.27 IU/mL to 32.85 ± 8.33 IU/mL (P , 0.001) 
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Table 5 Effects of diabinese and niacin on alanine aminotransferase levels in rabbits with dithizone-induced diabetes

Study groups ALT level (U/U) pre-induced 
diabetes (normal level)

ALT level (U/U) 72 hours  
post-induced diabetes

Time after administration (hours) 
24 48 72

group A
(diabinese 10 mg/kg)

32.0 ± 2.82h 88.5 ± 17.20h 25.0 ± 2.49h,p 32.6 ± 0.40h,p 29.0 ± 0.21h,p

d/f from  
diabetic level (%)

64.6 100 72.1 64.1 67.1

group B (diabinese  
10 mg + niacin  
150 mg/kg)

32.3 ± 2.45s 106.0 ± 6.00s 33.7 ± 2.65s,p 35.0 ± 0.40s,p 32.3 ± 1.17s,p

d/f from  
diabetic level (%)

60.9 100 68.9 67.0 70.0

group c (diabinese  
10 mg + niacin  
200 mg/kg)

35.0 ± .00c 107.0 ± 10.15c 37.4 ± 0.78c,p 36.5 ± 0.35c,p 33.8 ± 0.16c,p

d/f from  
diabetic level (%)

67.3 100 65.9 65.9 68.5

group D (diabinese 
10 mg + niacin  
250 mg/kg)

34.6 ± 2.26g 107.5 ± 1.95g 33.3 ± 1.32g,p 34.60 ± 0.3g,p 29.1 ± 0.16g

d/f from diabetic  
level (%)

67.9 100 68.9 67.9 72.9

group E (distilled  
water 5 mL)

33.2 ± 2.31 104.3 ± 2.13 105.2 ± 3.11 104.6 ± 3.42 105.5 ± 2.73

d/f from  
diabetic level (%)

68.4 100 0.9 0.3 1.2

Note: Values represent mean ± standard error of mean of three samples in a group (n = 3). Statistical analysis was done using ANOVA. Values were considered significant 
at P , 0.05 and LSD was used to compare the means. Values with the same superscript are significant. 
Abbreviation: ALT, alanine aminotransferase.

and 22.85 ± 6.49 IU/mL to 31.56 ± 9.18 (P , 0.001), respec-

tively, after six weeks.25 The findings from this study show 

that nicotinic acid can be used conveniently not only in the 

management of diabetes-associated liver disease but also 

that nicotinic acid could be a safer alternative compared with 

statins, which have significant side effects.

An overview of data from the clinical trials, as well as 

postmarketing experience, indicates a very low incidence of 

elevated liver enzymes with prolonged-release nicotinic acid, 

either alone or in combination with a statin (,1%)29,46 and 

with no increase in the incidence of myopathy when used in 

combination with a statin compared with statin therapy alone.46 

In the present study, nicotinic acid decreased elevated AST 

and ALT levels in diabetic rabbits. Patients who received a 

combination of immediate-release nicotinic acid and simvas-

tatin (mean daily doses 2.4 g and 13 mg, respectively) for 

three years showed no significant difference in the frequency 

of clinical or laboratory side effects compared with placebo.26 

Measurement of liver transaminases and ALP at initiation, 

after six weeks of therapy, and every 4–6 months thereafter 

confirmed these findings.47

The available evidence relating to the use of nicotinic 

acid in diabetic patients is reassuring. Consequently, in 

view of these data, the 2004 American Diabetes Association 

recommendations for dyslipidemia management in adults 

with diabetes11 emphasize that low doses of nicotinic acid 

(#2 g/day) may not have much of a detrimental effect on 

glycemic control, and that any deterioration may be easily 

remedied by adjustment of hypoglycemic medications.48 

Thus, the overall consensus of this panel, based on the avail-

able data, is that nicotinic acid at clinically recommended 

doses (#2 g/day) is an acceptable treatment option in patients 

with diabetes, as well as in patients with metabolic syndrome 

and at high risk of heart disease. A maximum nicotinic acid 

dose of 250 mg/kg was used in the present animal model.

Our study had several limitations. We investigated the 

effect of diabinese and nicotinic acid in dithizone-induced 

diabetes and associated liver disease characterized by an 

increase in liver enzymes. We now intend to investigate 

the effect of niacin alone on glucose metabolism and liver 

enzymes in a subsequent study. Our study investigated the 

short-term effects of combined diabinese and nicotinic acid 

therapy on liver enzymes and glucose metabolism. There 

is a need to monitor the long-term effects of this combined 

treatment on glucose metabolism and liver enzymes in 

diabetic rabbits. We did not investigate the effect of combined 
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treatment with diabinese and nicotinic acid on liver pathology 

and on development of fatty liver.

The findings of our study show that the considerable 

elevation of liver enzymes in diabetes may be avoided by 

concomitant administration of nicotinic acid, a known antilip-

idemic drug. The combination of nicotinic acid and diabinese 

may have the potential to improve liver disease associated 

with both diabetes and the use of antidiabetic drugs.

Disclosure
The authors report no conflicts of interest in this work.
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