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ABSTRACT: The goals of this study were to determine biochemical biomarkers and histopathological changes in
addition to exploring insulin as mono-therapy as well as insulin plus some medical plants include Garlic,
Fenugreek (Trigonella foenum-graecum L.) and Black seeds (Nigella Sativa) as feed additives in dogs with
experimentally induced diabetes mellitus (DM). A total of 15 clinically apparent healthy adult dogs were involved
in this study and divided into group 1: included five normal adult dogs served as non-diabetic control group,
group 2: Included five adult dogs that were subjected to experimentally diabetes mellitus by intravenous (IV)
injection of alloxan and treated by with insulin only and group 3: Included five adult dogs that were subjected to
experimentally diabetes mellitus by IV injection of alloxan and treated by with insulin plus once daily supplement
with herbal therapy. In conclusions, the therapeutic effects of some medical plants include Garlic, Fenugreek
(Trigonella foenum-graecum L.) and Black seeds (Nigella Sativa) increased the potency and glycemic control of
insulin in animals with diabetes mellitus. Therefore, it is recommended adding the previously mentioned herbs
as feed additives to improve the potency of insulin to control DM in dogs.
Keywords: Dogs; Diabetes mellitus, Alloxan hydrate; Insulin; Insulin with herbal therapy

INTRODUCTION
Diabetes mellitus (DM) is a common disorder that has been associated with increased morbidity and mortality rate and
defined as a metabolic disorder characterized by chronic hyperglycemia and decreased in insulin secretion, insulin action,
or both, resulting in impaired carbohydrate, lipid and protein metabolism (Ti Zhang et al., 2006; Ettinger et al., 2017).
Clinical signs of DM appear when blood glucose concentrations of 180–220 mg/dl in dogs and 220–270 mg/dl in
cats (Nelson and Reusch, 2014). Diabetic dogs and cats are hyperglycemic and glucosuric with clinical signs of polyuria,
polydipsia polyphagia, and weight loss as well as other metabolic alterations including hepatic lipidosis, hepatomegaly,
hypercholesterolemia, hypertriglyceridemia, increased catabolism and ketoacidosis (Rucinsky et al., 2010).
The acute phase response is a non-specific inflammatory reaction after any tissue damage and is associated with
decreased concentrations of negative acute phase protein such as albumin or transferrin, and/or increased
concentrations of positive acute phase protein that include C-reactive protein (CRP), serum amyloid A (SAA), haptoglobin
(Hp), α-1-acid glycoprotein, and ceruloplasmin. Most positive acute phase protein, are glycoproteins synthesized by
hepatocytes and their secretion is potentiated by pro-inflammatory cytokines (Cero´n et al., 2005). However, the novel
role of acute phase protein in DM need further investigation.
Oral hypoglycemic drugs with insulin are used as medications to control diabetes mellitus (Mesa, 2014). Herbal
therapy are used by about 60% of the world’s population without side effects compared to the traditional plants and play
a crucial role in controlling DM, these include Allium sativum, Eugenia jambolana, Momordica charantia, Ocimum
sanctum, Phyllanthus amarus, Pterocarpus marsupium, Tinospora cordifolia, C. indica, Helicteres isora, Stevia rebaudiana,
Gymnema sylvestre, Enicostemma littorale Blume (Patel et al., 2012). Thereby, the role of herbal therapy in DM needs to
be elucidated in pet animals.
The aims of this study were to determine the clinical picture, biochemical and histopathological changes on the
experimentally-induced diabetic dogs, investigate a recent novel biomarkers in diagnosis of affected animals like
determination of acute-phase proteins in addition to investigating insulin as mono-therapy as well as insulin plus some
medical plants include Garlic tablets, Fenugreek and Nigella Sativa as feed additives.

212
Citation: Hassan H, Zaghawa A, Aly M, Kamr A, Nayel M, Mohamed M A-E-G, Abdelazeim A and Hassan B (2019). The effects of some medicinal plants with insulin on
the inflammatory and metabolic responses in dogs with induced diabetes mellitus. Online J. Anim. Feed Res., 9(6): 212-224. www.ojafr.ir

MATERIALS AND METHODS
Animals’ criteria and ethical approval
A total number of 15 clinically healthy adult dogs were included in this study. Their age ranged from 2.3±0.3 years
old and their body weights from 12.5±0.5 kg. They were fed on a diet composed of meat, bones and bread twice daily free
access to sufficient tap water. The animals were placed in separated metal cages and kept under the same
environmental, nutritional and hygienic condition throughout the period of experiment (4 weeks). All animals were
clinically healthy based on physical examination, as well as, some laboratory investigation as: serum biochemistry
analysis and urinalysis, to make sure that all dogs under the experimentation are free from both external and internal
parasite, plus blood parasite and apparently healthy.
The present study was carried at veterinary hospital of faculty of veterinary medicine Sadat City University. And these
animals are divided into three main groups as following: group 1: included five normal adult dogs served as non-diabetic
control group and their health condition confirmed by physical and biochemical evaluation at day (D) 1,2 and 3 during
induction and treatment. Group 2 included five adult dogs that were subjected to experimentally diabetes mellitus by IV
injection of alloxan and treated by insulin (MIXTARD®) S/C in a dose rate of (1.0 IU/kg body weight) once daily for one
month and evaluated at D1,2 and 3 during induction and treatment (Hess and Ward, 2000). Group 3: Included five adult
dogs that were subjected to experimentally diabetes mellitus by IV injection of alloxan and treated by insulin (MIXTARD ®)
S/C in a dose rate of (1.0 IU/kg body weight) once daily for one month in addition to Garlic (TOMIX ®) one tablet orally plus
feed additives purchased from local market (1.5 g/kg/day of Fenugreek seeds powder + 2g/day of Nigella sativa seeds
and evaluated at D1 and 2 of induction and treatment. All the procedures in this study was approved by animal Ethics
Committee for the Care and Use of Animals in Education and Scientific Research, University of Sadat city (Approval
number VUSC-007-1-19).
Experimental induction of diabetes mellitus in dogs
Dogs were fasted for at least 12 hr. before the experimental induction of diabetes, which was produced by single
intravenous administration of Alloxan hydrate at dose rate of (35 mg/kg) body weight dissolved in 5cm of normal saline,
then 2-3 days later, the dogs showed a fasting blood glucose concentrations of >10 mmol L−1 (Christopher et al., 2006),
blood glucose concentrations were measured frequently for 7days, by using a (Easy touch) ® G, blood glucose monitoring
system. Blood glucose concentrations (over 200mg/dl) were considered diabetic. Within 2-3 days, of clearance of clinical
symptoms the diabetic dogs began receiving the insulin subcutaneous injections in a dose rate of rate (1.0 IU)/kg body
weight once daily (Hess and Ward, 2000). All dogs had free access to water at all times; the administered diet was
composed of a low carbohydrate and high protein and fiber twice daily, at a fixed time before insulin administration to
ensure dietary intake before onset of insulin action. All dogs were evaluated by clinical examination and laboratory
studies before and after injection of alloxan at (Zero, 2nd, 4 th, 7 th, 9 th, 11 th, 14 th, 18 th days).
Samples
Blood samples were obtained from jugular vein and cephalic vein by sterile needle with large bore. The blood
samples were collected without anticoagulant for obtaining clear non-hemolyzed serum by centrifugation of the blood
sample at 3000 rpm. For 5 minutes. The clear sera were aspirated carefully by Pasteur pipette and transferred into clean
dry labeled Eppendorf tubes and stored at-20 c till examination. Urine samples were collected by catheterization under
aseptic condition for urine analysis using urine test stripes according to Brenner et al. (2009). Post mortem liver and
pancreatic specimen samples were collected from dead dogs about 0.5 cm thickness at the end of the experiment for
histopathology.
Measurements
Serum glucose concentrations (mg/dl) was determined colometrically using of special kits according to the method
described by Trinder (1969). Serum insulin concentrations (mg/dl) was determined by radioimmunoassay method using
radioimmunoassay kits according to the method described by Wilson and Miles (1977). Serum alanine aminotransferases
(ALT) concentrations (U/L) was determined according to the method that described by Young (1990). Serum aspartate
aminotransferases (AST) concentrations (U/L) was determined according to the method that described by Reitman and
frankle (1957). Serum alkaline phosphatases (ALP) (U/L) was determined according to the method that described by
Henderson et al. (2001). Serum cholesterol concentrations (g/dl) was determined by enzymatically method according to
Meiattini et al. (1978). Serum triglycerides concentrations (g/dl) was determined by enzymatically method according to
Kaplan et al. (1984). Serum HDL and cholesterol and LDL cholesterols (mg/dl) were determined by precipitation method
according to Cunical Chemistry (1995). Serum albumin concentrations (g/dl) was determined calorimetrically by using
dye-binding technique with Bromcresol green according to Webster (1974). Serum amyloid A concentrations (mg/dl) was
determined according to the method described by Supranee jitpean et al. (2014). Serum c-reactive proteins
concentrations (µg/ml) was determined according to the method that described by Fransson et al. (2007). Serum
haptoglobin concentrations (g/l) was determined according to the method described by Sima Sahinduran et al. (2016).
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Histopathological examination
Samples taken from pancreas and liver were collected immediately after death and fixed in neutral buffered
formalin 10%. After complete fixation, the specimens were dehydrated, infiltrated and embedded in paraffin. The paraffin
blocks were sectioned at 5-7 microns thickness. Tissue were stained with haematoxylin and eosin stain (Thomas and
Richter, 1984).
Statistical analysis
Data was normally distributed according to Shapiro-Wilk test and expressed as mean with standard errors. Data
was analyzed using T-test and repeated measure ANOVA using SPSS software. Significance was set at P<0.05. Area under
the curve (ROC) was calculated to determine the sensitivity and specificity of acute phase protein in dogs with induced
diabetes mellitus by using SPSS.

RESULTS
Clinical findings between healthy and diabetic groups
The physical examination concerning body temperature revealed non- significant changes between groups, while
heart rate revealed a significant decrease in both diabetic groups (2 and 3) compared with those of normal control group
1 (Table 1).
Urine analysis between diabetic and control groups
The diabetic dogs had glycosuria and proteinuria. However, no change in the urine PH was observed compared with
normal dogs (Table 1).
Table 1 - Clinical findings and urine analysis in clinically healthy and in experimentally diabetic dogs
Variables

Groups

Control

After induction

Body temperature (C°)

37.5± 0.33a

38.3± 0.80a

Heart Rate (Beat/Min)

80.5± 2.2a

65.4± 3.6b

pH

5

5

Glucose

-

+++

Protein

-

+++

Biochemical analysis between diabetic and control groups at 1st week of induction
Table 2 illustrated that serum insulin concentrations were not statistically significant at D1 in all groups, but
decreased in concentrations at D2 and D3 in group 2 as well as group 3 compared to control (P<0.05). Serum glucose
concentrations were not changed significantly at D1 in all groups, but its concentrations reached its peak at D2, D3 of
induction in both groups 2 and 3 compared to control (P<0.05). Serum enzymatic activities of liver including (ALP, AST
and ALT) were not statistically different at first day of induction of diabetes mellitus in groups 2 and 3 than control
(P>0.05), but significantly elevated at D2 and D3 of induction in groups 2 and 3 compared with control (P<0.05). Serum
albumin concentrations were not significantly different at D1 and D2 of induction however, its concentration were
elevated at D3 of induction compared to control (P<0.05). Triglycerides and cholesterol concentrations were not
statistically different at first day of induction of diabetes mellitus in group 2 as well as group 3 compared to control
group1 (P>0.05), but significantly elevated at D2 and D3 of induction in both groups 2 and 3 compared with control
group1 (P<0.05). Low density lipoprotein (LDL) and High density lipoprotein (HDL) concentrations were not significantly
different at D1 of induction in all groups, but serum LDL were elevated and HDL were reduced at D2 and D3 of induction
in both groups 2 and 3 compared to control (P<0.05). SAA, CRP and haptoglobin concentrations were not statistically
different at first day of induction of diabetes mellitus in groups 2 and 3 than control (P>0.05). However, SAA, CRP and
haptoglobin concentrations were significantly elevated at D2 and D3 of induction in groups 2 and 3 compared with control
(P<0.05) as shown in Table 2.
Biochemical analysis between diabetic and control groups at 1st week of treatment and 2nd week of induction
Serum insulin concentrations during 1st week of treatment were significantly lower in both treated groups at D1 and
D2 than control. However, its concentrations start to increase significantly in group 3 treated with insulin + herbal therapy
than group 2 treated with insulin alone (P<0.05). Serum glucose concentration during 1 st week of treatment still show
significant increase in both treated groups at D1, D2 and D3 than control (P˂0.05, Table 3). Serum concentrations of ALP
were significantly higher in both treated groups compared to control (P<0.05). Serum ALT and AST were elevated
significantly in both treated groups compared to control, but their elevation in group 3 treated with insulin + herbal
therapy were significantly lower than group 2 treated with insulin only (P<0.05, Table 3). Serum albumin concentrations
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were significantly elevated at D1 and D2 of treatment in both treated groups than control one. However, its concentration
were not statistically significant at D3 of treatment in both treated groups compared to control group (P<0.05, Table 3).
Serum triglycerides concentrations were elevated significantly in both treated group at D1 and D2 compared to control
one, but their elevation in D3 in treated dogs with insulin + herbal therapy were significantly lower than in dogs treated
with insulin only (P<0.05). Serum cholesterol concentrations were significantly elevated at D1, D2 and D3 in two treated
groups compared to control (P<0.05). Serum LDL were elevated and HDL were reduced significantly at D1, D2 and D3 of
treatment in both treated groups compared to control group (P<0.05, Table 3). C-reactive protein and haptoglobin
concentrations were significantly elevated at D1, D2 and D3 in two treated groups compared to control (P<0.05). However,
SAA were elevated in D1, D2 in two treated groups compared to control except at D3 .which, SAA were not significantly
different in the two treated group compared to control group (P>0.05, Table 3).

Table 2 - Biochemical analysis between diabetic and control groups at 1st week of induction
Variables

Weeks

Insulin (µlu/mL)

1st week

Glucose (mg/dL)

1st week

ALP (u/L)

1st week

AST (u/L)

1st week

ALT (u/L)

1st week

Albumin (mg/dL)

1st week

Triglycerides (mg/dL)

1st week

Cholesterol (mg/dL)

1st week

LDL (mg/dL)

1st week

HDL (mg/dL)

1st week

SAA (µg/mL)

1st week

CRP (mg/L)

1st week

Haptoglobin (g/L)

1st week

Days

Control

D1
D2
D3
D1
D2
D3
D1
D2
D3
D1
D2
D3
D1
D2
D3
D1
D2
D3
D1
D2
D3
D1
D2
D3
D1
D2
D3
D1
D2
D3
D1
D2
D3
D1
D2
D3
D1
D2
D3

10.3±0.6a
10.2±0.4a
10.5±0.6a
95.3±2.6a
89±5.5a
90.8±5.6a
155.8±0.7a
161.6±0.5a
160.4±0.5a
33.8±2.1a
32±3.1a
36.4±2.7a
33.4±1.3a
31±1.6a
31.2±1.5a
4.3±0.2a
4.1±0.2a
4.3±0.2a
125±1.6a
117.4±4.5a
117.2±4.5a
157.4±6.4a
155.6±3.7a
151.2±6.01a
76.6. ±5.6a
76.7±2.9a
77.8±2.7a
58.6±1.4a
62.2±5.5a
59.6±5.7a
4.7±0.1a
5.1±0.2a
5.16±0.3a
3.9±0.2a
4.2±0.4a
4.2±0.4a
0.96±0.1a
1.08±0.2a
1.12±0.1a

After induction without treatment
Insulin with
Insulin
herbal therapy
10.2±0.7a
10.1±0.9a
6.7±0.4a
6.7±0.1a
4.4±0.3b
4.5±0.2b
a
92.2±5.1
91.8±5.6a
150.4±8.01b
159.4±5.6b
203±7.5b
206.2±7.3b
153.8±0.8a
156.4±0.4a
b
193.4±0.6
198.8±0.8b
b
248.6±0.7
253.6±0.12b
35.2±3.2a
32.2±2.3a
54.8±2.3b
57.2±3.33b
72.2±3.8b
72.8±5.9b
a
32.2±2.1
31.6±2.2a
54.8±2.8b
52.6±3.1b
79.8±3.8b
74.6±4.3b
4.3±0.3a
4.2±0.3a
a
4.1±0.4
4.02±0.1a
b
5.8±0.2
6.14±0.1b
113.6±2.1a
111.4±3.6a
148.6±7.7b
141.4±3.6b
189.4±8.7b
184.4±3.6b
a
148.1±4.8
150.4±4.8a
169.4±4.5b
174.2±5.1b
225.2±8.3b
217.8±5.8b
74.2±3.3a
74.4±4.4a
b
108.2±3.5
115.8±2.9b
b
151.8±2.2
159±3.63b
57.4±6.1a
58.6±5.1a
50.4±6.03b
50.8±4.7b
b
31.6±3.8
32.1±3.7b
a
5.3±0.3
5.1±0.2a
b
7.4±0.1
7.5±0.2b
b
8.3±0.3
8.4±0.2b
a
4.1±0.4
4.3±0.3a
b
8.3±0.6
7.5±0.1b
b
10.8±0.4
11.4±0.4b
a
1.08±0.2
0.98±0.1a
b
2.9±0.4
2.9±0.6b
4.22±0.4b
5.04±0.5b

ALP-alkaline phosphatase; AST-aspartate aminotransferase; ALT- alanine aminotransferase; LDL-low density lipoprotein; HDL- high density
lipoprotein; SAA-serum amyloid A; CRP-c-reactive protein. Data are presented as means ± standard error (S.E).Mean value with different
superscript letters in the same row are significantly different at P˂0.05.
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Table 3 - Biochemical analysis between diabetic and control groups at 1st week of treatment and 2nd week of induction
Variables

Weeks

Insulin (µlu/mL)

2nd week

Glucose (mg/dL)

2nd week

ALP (u/L)

2nd week

AST (u/L)

2nd week

ALT (u/L)

2nd week

Albumin (mg/dL)

2nd week

Triglycerides (mg/dL)

2nd week

Cholesterol (mg/dL)

2nd week

LDL (mg/dL)

2nd week

HDL (mg/dL)

2nd week

SAA (µg/mL)

2nd week

CRP (mg/L)

2nd week

Haptoglobin (g/L)

2nd week

Days

Control

D1
D2
D3
D1
D2
D3
D1
D2
D3
D1
D2
D3
D1
D2
D3
D1
D2
D3
D1
D2
D3
D1
D2
D3
D1
D2
D3
D1
D2
D3
D1
D2
D3
D1
D2
D3
D1
D2
D3

10.04±0.3a
10.18±0.4a
10.50±0.4a
93.0±1.2a
91.80±1.5a
89.0±1.8a
161.6±3.4a
153.80±3.2a
159.0±3.2a
32.0±1.9a
35.20±2.1a
34.40±2.3a
31.80±1.3a
32.20±1.8a
31.0±1.6 a
4.26±0.1a
4.26±0.2 a
4.66±0.1 a
111.80±1.8 a
113.60±3.2 a
117.40±2.4 a
155.0±3.2 a
148.0±4.9 a
153.60±5.01 a
72.20±3.1 a
74.20±4.3a a
78.6±2.8 a
62.20±1.4a
58.60±3.2 a
62.40±4.2 a
5.3±0.2 a
5.08±0.4 a
5.28±0.1 a
3.98±0.1 a
4.34±0.2 a
4.20±0.1 a
1.10±0.2a
0.98±0.1a
1.22±0.1a

After induction without treatment
Insulin with
Insulin
herbal therapy
3.98±0.2b
3.94±0.1b
b
6.16±0.3
6.98±0.4b
6.72±0.1b
8.44±0.2a,b
275.2±3.2b
275.6±4.8b
221.80±4.6b
233.60±5.3b
207.40±3.9b
209.0±4.2b
271.6±5.6b
281.0±6.2b
253.60±4.5b
257.0±6.1b
234.20±7.4b
235.60±5.8b
93.60±2.1b
93.80±3.2b
81.80±3.4b
74.20±2.5a,b
69.80±3.4b
54.60±3.6a,b
114.40±2.5b
105.80±2.8b
100.4±3.2b
88.60±3.4a,b
88.80±2.3b
66.0±2.3a,b
b
5.94±0.3
6.24±0.1b
5.56±0.2b
5.84±0.3b
5.20±0.2a
5.18±0.4a
b
210.4±2.5
210.8±4.1b
191.0±4.5b
180.0±5.3b
176.20±6.01b
157.20±5.8a,b
243.0±4.6b
237.40±7.01b
b
220.40±6.2
214.20±4.3b
b
209.20±3.5
190.20±5.1b
b
186.20±3.4
183.60±5.4b
b
167.40±3.7
166.40±3.8b
154.80±2.5b
149.40±4.2b
21.80±5.2b
23.60±5.6b
b
27.0±4.1
30.40±5.3b
32.20±3.7b
40.0±4.6b
9.34±0.6b
10.42±0.8b
7.22±0.6b
8.24±0.3b
6.30±0.3a
6.36±0.2a
17.60±1.2b
16.80±1.02b
15.0±1.01b
14.20±2.1b
12.80±0.8b
11.40±0.7b
5.32±0.1b
6.84±0.3b
4.68±0.1b
6.28±0.3a,b
4.16±0.2b
4.66±0.1b

ALP-alkaline phosphatase; AST-aspartate aminotransferase; ALT- alanine aminotransferase; LDL-low density lipoprotein; HDL- high density
lipoprotein; SAA-serum amyloid A; CRP-c-reactive protein. Data are presented as means ± standard error (S.E).Mean value with different
superscript letters in the same row are significantly different at P˂0.05.

Biochemical analysis between diabetic and control groups at 2nd week of treatment and 3rd week of induction
Serum insulin concentrations were increased significantly in group 2 as well as group 3 compared with those of
control values in group 1, whereas its concentrations in (insulin + herbal therapy, group 3) treated animals were
significantly higher and reach its normal peak than those of (group 2) treated with insulin only (P<0.05; Table 4). Serum
glucose concentrations in (group 3) were significantly decreased in D1 and D2 of 2nd week of treatment compared to
(group 2) or control (group 1) (P<0.05; Table 4). Serum enzymatic activities of liver including (ALP, AST and ALT) and
serum albumin during 2nd week of treatment. ALP, AST and ALT concentrations were significantly increased in D1 in
diabetic groups in comparing with control group at 1 st week of induction. Also the previous parameters were significantly
lower and return to their normal concentrations in D2 in treated group with insulin + herbal therapy than treated one with
insulin only (P<0.05; Table 4). Serum albumin concentrations was significantly higher in both diabetic groups at D1
compared to control group, but were not significantly different at D2 compared to control group as it back to its normal
concentrations in both treated group (P>0.05; Table 4). Triglycerides and cholesterol were significantly lower in dogs
treated with (insulin + herbal therapy) in D1 and D2 compared to control group and the one treated with insulin only.
Serum LDL concentrations were elevated in both diabetic groups significantly than those of the control normal group. But,
the increase concentrations in group treated with herbal therapy was significantly lower than those diabetic group treated
with insulin only. Serum HDL concentrations were lower in both diabetic groups than control group. But, its concentration
in dogs treated with (insulin + herbal therapy) at D2 was significantly higher than those treated with insulin only (P<0.05).
SAA concentrations were not significantly different between groups of dogs at D1 and D2 as it back to normal values
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(P>0.05). However, CRP and HP concentrations were elevated significantly in two treated groups of dogs at D1 compared
to control group. But the elevation in HP and CRP concentrations in treated group with insulin+ herbal therapy were
significantly lower than treated group with insulin only at D2 (P<0.05; Table 4). Insulin concentrations were increased,
while glucose concentrations were decreased in insulin with herbal therapy treated group compared with insulin treated
group (P<0.05; Figure 1). Other biochemical parameters and acute phase proteins were closely return to normal level
significantly in insulin with herbal therapy compared with insulin treated group (P<0.05; Figures 2 and 3).
Table 4 - Biochemical analysis between diabetic and control groups at 2nd week of treatment and 3rd week of induction
Variables

Weeks

Insulin (µu/mL)

3rd week

Glucose (mg/dL)

3rd week

ALP (u/L)

3rd week

AST (u/L)

3rd week

ALT (u/L)

3rd week

Albumin (mg/dL)

3rd week

Triglycerides (mg/dL)

3rd week

Cholesterol (mg/dL)

3rd week

LDL (mg/dL)

3rd week

HDL (mg/dL)

3rd week

SAA (µg/mL)

3rd week

CRP (mg/L)

3rd week

Haptoglobin (g/L)

3rd week

Days

Control

D1
D2
D1
D2
D1
D2
D1
D2
D1
D2
D1
D2
D1
D2
D1
D2
D1
D2
D1
D2
D1
D2
D1
D2
D1
D2

10.20±0.70a
10.5±1.4 a
92.20±5.6a
96±2.4a
156.20±4.6a
163±5.4a
32.20±3.2a
33±1.3 a
31.60±2.24a
32±1.6 a
4.30±0.35a
4.3±0.3 a
111.40 ±4.2a
113±5.2a
150.40 ±4.8a
149±5.1 a
74.20±3.3a
73±1.2 a
57.40±6.1a
53±1.3 a
5.36 ±0.32a
5.2±0.1a
4.10±0. 47a
4.2±0.3 a
1.08±0.24a
0.8±0.5 a

After induction without treatment
Insulin with herbal
Insulin
therapy
7.40±0.2b
10.24±0.28b
8.4±0.6b
11.4±1.2 a,b
188.60±5.8b
170.80±2.0a,b
170±5.8b
145±3.7a,b
224.40±7.4b
208.0± 7.7b
205±4.2b
176±7.6a
60.80±2.7b
39.20±2.08b
54±2.5b
36±2.8 a,b
b
75.80±3.4
48.0±2.5a,b
67±0.2b
39±0.4a,b
5.24±0.26b
4.80±0.14b
4.3±0.4 a
4.9±0.8 a
163.60 ±9.5b
137.0± 4.4a,b
144±4.3b
117±6.4a
197.4±4.2b
168.60±3.6a,b
187±6.2 b
150±4.3 a
143.80±2.83b
123.40±3.31a,b
131±2.6 b
96±3.05a,b
45.7±3.5b
48.80± 1.7b
31±1.2a,b
48±2.6 b
5.52±0.24a
5.66±0.12a
5.5±0.3a
5.3±0.7a
11.40± 1.2b
9.0±1.4b
9.8±1.2 b
6.02±0.8 a,b
3.14±0.21b
2.78±0.08b
b
2.5±0.6
1.6± 0.7a,b

ALP-alkaline phosphatase; AST-aspartate aminotransferase; ALT- alanine aminotransferase; LDL-low density lipoprotein; HDL- high density
lipoprotein; SAA-serum amyloid A; CRP-c-reactive protein. Data are presented as means ± standard error (S.E).Mean value with different
superscript letters in the same row are significantly different at P˂0.05.
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Figure 4 - SAA area under the curve =0.955 with sensitivity =90% and specificity= 85% in dogs with serum amyloid A
concentrations = 6.6 µg/mL
Specificity and Sensitivity of acute phase proteins in dogs with experimentally induced diabetes mellitus
Serum amyloid A, c-reactive protein and haptoglobin concentrations were highly sensitive and specific in the
diagnosis of dogs with induced diabetes mellitus with area under the curve (AUC) close to 1 with P<0.05 as shown in
figure 4.
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Histopathological finding
Pancreatic tissue of dog from group 2 showed different pathological changes like sever congestion of blood vessels,
sever coagulative necrosis of pancreatic acini either focal or diffuse, mononuclear cells infiltration between the pancreatic
acini, some cells showed programed cell death (apoptosis). Finally, there was sever proliferation of connective tissue
(Figure 5 A,B,C&D). Pancreatic tissue of dog from group 3 showed less sever pathological changes represented as
congested blood vessels mononuclear cells infiltration (Figure 5 E&F). Hepatic tissue of dog from group 2 showed
different pathological changes represented as dilated and congested central vein and hepatic sinusoids, proliferation of
Kupffer cells, focal and diffuse mononuclear cells infiltration in the portal areas and hepatic parenchyma. There was also
sever swelling of hepatocytes and focal areas of necrosis and mononuclear cells infiltration. The portal areas showed
mononuclear cells infiltration and congested blood vessels with proliferation of connective tissue (Figure 6 A,B,C&D).
Hepatic tissue of dog from group 3 showed less sever changes represented as congested blood vessels and hepatic
sinusoids, the hepatic tissue showed fatty change appeared as clear vacuoles in the hepatocytes, also there was single
cell necrosis in the hepatic parenchyma (Figure 6 E&F).

Figure 5 - A. Pancreas of dog from (group 2) showed sever fibrosis (arrow) with coagulative necrosis of pancreatic tissue
(H&E x 10); B. Pancreas of dog from (group 2) showed sever congestion of blood vessels (thin arrow) and sever coagulative
necrosis of pancreatic acini (thick arrow) (H&E x 20); C. Pancreas of dog from (group 2) showed focal area of necrosis with
mononuclear cells infiltration (arrow) (H&E x 20); D. Pancreas of dog from (group 2) showed apoptotic cells (thin arrow)
and necrotic cells (thick arrow) (H&E x 40); E. Pancreas of dog from (group 3) showed congested blood vessels (arrow)
(H&E x 10); F. Pancreas of dog from (group 3) showed mononuclear cells infiltration (arrow) (H&E x 20).
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Figure 6 - A. liver of dog from (group 2) showed focal area of necrosis and mononuclear cells infiltration (arrow) (H&E x
20); B. liver of dog from (group 2) showed dilated and congested hepatic sinusoids (thin arrow) and proliferation of
Kuepfer cells (thick arrow) (H&E x 40); C. liver of dog from (group 2) showed congested blood vessels and hepatic
sinusoids (thin arrow), diffuse mononuclear cells infiltration (thick arrow) and sever swelling of hepatocytes (H&E x 40); D.
liver of dog from (group 2) showed proliferation of connective tissue in the portal areas (star) with mononuclear cells
infiltration and congested blood vessels (arrow) (H&E x 10); E. liver of dog from (group 3) showed congested blood vessels
and hepatic sinusoids (thin arrow) and the hepatocytes showed fatty change (thick arrow) (H&E x 10); F. liver of dog from
(group 3) showed severely congested blood vessels and hepatic sinusoids (thin arrow) and coagulative necrosis in hepatic
parenchyma (thick arrow) (H&E x 10).
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DISCUSSION
In the present study administration of single dose of alloxan (35 mg/kg -1) induced diabetes mellitus in dogs. One week
after alloxan injection, the dogs showed polyuria, polydipsia and polyphagia. Some of these animals were suffered from
vomition, dehydration and variable degrees of lethargy, partial anorexia and mild to moderate weight loss. These clinical
signs were similar to those reported by Khoshvaghti and Heidi (2012) and Ismail et al. (2015).
There were a significant decrease in heart rate, and non-significant change in the body temperature, before and
after the experimental induction of diabetes mellitus, our observations are in agreement with a previous study by Howarth
et al. (2011) who revealed that heart rate declined rapidly after administration of alloxan. Serum analysis of alloxaninduced diabetic dogs showed significant increase in fasting blood glucose and decreased insulin concentrations
compared to their concentrations before induction of diabetes. This result indicates that alloxan successfully induced DM
in dogs as documented by Valilou and Lotfi (2012), Ismail et al. (2015) and Khanam and Dewan (2008).
The liver related enzymes ALT, AST, and ALP concentrations were significantly increased after diabetes induction at
D2 and D3 of induction compared with control healthy group. These results were coincided with Valilou and Lotfi (2012),
Bhargavi et al. (2015) and Shruthi et al. (2017) who found increase in the concentrations of liver enzymes due to leakage
of this enzyme from liver cytosol to blood circulation due to hepatic damage also another suggested reason for increase in
AST activity following diabetes is greater need for gluconeogenic substrate due to diabetic condition stated by Tanaka et
al. (1988), although elevation of both enzymes ALT, AST concentrations may also reflect the damage of hepatic cells via
injected alloxan stated by Joo-min Kim et al. (2006). On the other hand, Ismail et al. (2015) showed a progressive
increase in serum concentration of ALP in DM dogs while serum concentrations of other liver enzymes such as AST and
ALT were not changed significantly.
Serum concentrations of ALP, ALT and AST were significantly higher in insulin treated animal group compared to
control (P<0.05) after 2nd week of treatment but there concentrations decreased significantly when compared to the 1 st
week of induction. ALP, AST and ALT concentrations were significantly lower and return to their normal concentrations in
D2 in treated group with insulin + herbal therapy group 3 than group 2 treated with insulin only (P<0.05). These results
indicated that the administration of insulin with herbal therapy to diabetic dogs was found to be effective in improving
liver function tests than insulin treatment alone. These results were coincided with Masjedi et al. (2013), Asdaq (2015)
and Johnson et al. (2015) who found a significant reduction in the activities of liver enzymes with garlic in diabetic rats.
The protective effects of garlic extract may be associated with the inherent-antioxidant properties as shown by Rahman
(2003).
The lipid profile parameters including, cholesterol, triglycerides and LDL were significantly increased after diabetes
induction at D2 and D3 of induction compared with control healthy group. Furthermore, we documented that Triglycerides,
Serum LDL concentrations and cholesterol were significantly reduced in (group 3) treated with (insulin + herbal therapy) in
D1 and D2 compared to control group and (group 2) treated with insulin only. The administration of insulin with herbal
therapy to the diabetic dogs was found to be more effective in lowering total cholesterol value, serum LDL concentrations
and serum triglycerides value than in insulin administration only. Serum HDL concentrations were lower in both diabetic
groups than control group. But, its concentration in (group 3) treated with (insulin + herbal therapy) at D2 was significantly
higher than those of (group 2) treated with insulin only. These results were coincided with Masjedi et al. (2013) and Asdaq
(2015) who reported significant reduction in triglycerides and total cholesterol with garlic administration in diabetic rats.
The concentrations of acute-phase proteins (APPs) include haptoglobin, C-reactive protein and serum amyloid A
started to be elevated significantly at D2 and D3 of induction in (group 2) and (group 3) compared with control group.
These results were in agreement with Eckersall, (1995) and Riaz (2015). CRP and HP concentrations were elevated
significantly in two treated groups of dogs at D1 compared to control group, but their elevation in treated group with
insulin+ herbal therapy (group 3) were significantly lower than treated group with insulin only (group 2) at D2. These
results were agreement with Kumar et al. (2013).
Insulin-treated animals showed a significant decrease in blood glucose and increased insulin concentrations in
alloxan-induced diabetic dogs in 2nd week treatment. The results were coincided with Mosseri et al. (2000) and Moller
(2001). Interestingly serum insulin concentrations were increased significantly in group 2 as well as group 3 compared
with those of control values in group 1, whereas its concentrations in (insulin + herbal therapy) (group 3) treated animals
were significantly higher and reach its normal peak than those of (group 2) treated with insulin only (P<0.05). This result
was in agreement with Londhe et al. (2011) who found that Allicin is one of active chemical constituent of garlic that raise
the serum insulin concentrations. Additionally, serum glucose concentrations in (group 3) were significantly decreased in
D1 and D2 of 2nd week of treatment compared to (group 2) or control (group 1). The administration of insulin with herbal
therapy to diabetic animals was found to be more effective in lowering blood glucose concentrations than insulin
administration alone. This result agreement with Kumar et al., (2013), Masjedi et al. (2013) and johnson et al. (2015) who
found that garlic showing a significant decrease in serum glucose concentrations alone or in combination with either antidiabetic drugs or other herbal therapy.
The histopathological examination of the pancreas of alloxan-induced diabetic dogs treated with insulin plus herbal
therapy (group 3) revealed less sever pathological changes compared with (group 2) treated with insulin only, represented
as congested blood vessels mononuclear cells infiltration.
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The histopathological examination of the pancreas of insulin treated group revealed sever congestion of blood
vessels, sever coagulative necrosis of pancreatic acini either focal or diffuse, mononuclear cells infiltration between the
pancreatic acini, some cells showed programed cell death (apoptosis). Finally, there was severing proliferation of
connective tissue. These histopathological finding were coincided with Joo-Min Kim et al. (2006), Khanam and Dewan
(2008) and Ismail et al. (2015). Moreover, The histopathological examination of the liver of insulin treated group revealed
different pathological changes represented as dilated and congested central vein and hepatic sinusoids, proliferation of
Kupffer cells, focal and diffuse mononuclear cells infiltration in the portal areas and hepatic parenchyma. There was also
sever swelling of hepatocytes and focal areas of necrosis and mononuclear cells infiltration. The portal areas showed
mononuclear cells infiltration and congested blood vessels with proliferation of connective tissue These finding were
consistent with these reported by Joo-Min Kim et al. ( 2006), Khanam and Dewan (2008) and Ismail et al. (2015).
Of interest, The histopathological examination of the liver of alloxan-induced diabetic dogs treated with insulin plus
herbal therapy (group 3) revealed less sever pathological changes compared with (group 2) treated with insulin only,
represented as congested blood vessels and hepatic sinusoids, the hepatic tissue showed fatty change appeared as clear
vacuoles in the hepatocytes, also there was single cell necrosis in the hepatic parenchyma. These results were agreement
with Masjedi et al. (2013) who conclude that the inhibition of morphology and histomorphometrical changes in the
pancreas and the better improvement in liver tissue were dramatically decreased due to garlic juice administration are
considered to be the direct evidence that garlic juice improves diabetes. Also there was an improvement in the
microscopic picture of examined pancreas, liver and kidney in diabetic rates treated with Trigonella foenum by Abou ElSoud et al. (2007) who mentioned that the hepatic lobules appeared more or less like control and Kanter et al. (2004)
who founded NS treatment has been provide a protective effect by decreasing lipid peroxidation and serum NO, and
increasing antioxidant enzyme activity. Islet cell degeneration and weak insulin immunohistochemical staining was
observed in rats with STZ-induced diabetes. Increased intensity of staining for insulin, and preservation of beta-cell
numbers were apparent in the NS-treated diabetic rats. These findings suggest that NS treatment exerts a therapeutic
protective effect in diabetes by decreasing oxidative stress and preserving pancreatic beta-cell integrity. Consequently, NS
may be clinically useful for protecting beta-cells against oxidative stress. This study has a limitation lacking of day 3 at 2nd
week of treatment and 3rd week of induction.

CONCLUSION
Acute-phase proteins (APPs) can be used as diagnostic biomarkers in DM and early acute pancreatitis. Moreover, the
therapeutic effects of the medical plants like (Garlic, Fenugreek and Black seeds) were increased the potency and
glycemic control of insulin in animals with diabetes mellitus. Therefore these plants are recommended to be used for
treatment of DM in animals because of their hypoglycemic effect. However, this study has a limitation lacking of group of
animals treated with herbal therapy, this study could give a future support for using of herbal therapy as potential
medicine beside insulin to control diabetes mellitus in dogs.
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