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Abstract 

The objective of the current study was evaluating the status of blood serum biochemical 
parameters in poorly controlled diabetes mellitus induced after experimental total 
pancreatectomy in local crossbreeding dogs. The biochemical assay was taken before the 
surgical operation and on the last two days of the insulin treatment period and after termination 
of insulin therapy till death of animals due to ketoacidosis after detecting severe ketonuria on 
urinalysis by urine stripe test when insulin withdrawn. Results of estimating the various 
biochemical parameters revealed a significant increase in the blood serum level of liver enzymes 
[Alanine amino transaminase, alkaline phosphatase, and Aspartate amino transaminase], total 
cholesterol and potassium ions, while a significant decrease in chloride ions took place in both 
insulin treatment and withdrawal periods. On the other hand, significant increases in blood serum 
levels of triglyceride, total bilirubin, sodium ions, and blood urea nitrogen with significant 
decrease in total calcium was occurred in the insulin withdrawal period only. In conclusion, the 
first mentioned biochemical parameters might be involved in the pathogenesis of poorly 
controlled diabetes mellitus while the later mentioned parameters which exhibited significant 
changes only after cessation of insulin therapy might be involved in the pathogenesis of 
surgically induced diabetic ketoacidosis in dogs. 
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Introduction 
 
To illustrate the advancement of diabetic 
changes in an animal model, the effects of 
experimental total pancreatectomy on serum 
biochemical features in dogs have been 
studied either with postoperative insulin 
administration which was discontinued (1) 
or with postoperative insulin injections 
which was insufficient to control resultant 
diabetes mellitus (DM) adequately post 
operation (2, 3) or without postoperative 
insulin therapy after DM induction (4, 5).  
 
No study has described the multiple 
biochemical features of surgically induced 
poorly controlled experimental DM before 
and after stopping the treatment with insulin. 
The deterioration in potassium tolerance 
after pancreatectomy in dogs was 
determined (6-8).  Pancreatogenous canine 
diabetes led to hypercholesterolemia with an 
insignificant rise in triglycerides (3). The 
chloride metabolism of dogs in diabetes 
after pancreatectomy was investigated (9). 
The lipid metabolism by determining 
lipoprotein (LP) fraction, triglyceride (TG), 
free fatty acid (FFA) and post heparin 
lipolytic activity (PHLA) in the blood of 
pancreatectomized dogs was described (1). 
It has been found that with more than 92% 
pancreatectomy alone, all the dogs 
developed diabetes immediately after the 
operation with an increase in the serum TG 
level (5). The serum lipoprotein patterns of 
normal and depancreatized dogs, with and 
without insulin treatment was determined 
(10). 
 

Diabetic ketosis (DK) and diabetic 
ketoacidosis (DKA) are life-threatening 
complications of DM that are characterized 
by hyperglycemia glycosuria, and ketonuria 
(11).  DKA is the most prominent and 
severe complication of DM in dog and cats 
due to the poor management of insulin 
treatment (12). The outcome of 127 dogs 
with diabetic ketoacidosis (DKA), many of 
the dogs formerly treated with insulin are 
treated insufficiently either by administering 
the insulin only once a day or by giving 
inadequate dosage of insulin (< 0.5 U/kg) 
which may have participated in the 
evolution of DKA in these dogs, also 
insufficient insulin treatment is linked with 
increased danger of DKA in humans with 
previously diagnosed DM (13). 
In previous study, acid-base and hormonal 
abnormalities in dogs with naturally 
occurring diabetes mellitus (high blood 
glucose, Alkaline phosphatase (ALP), 
Alanine transaminase (ALT), cholesterol 
levels) might be indicators of a poor 
pretreatment prognosis (14). Parameters are 
more accurately discriminate between 
animals which survive or not survive the 
stabilization period with little overlap 
between the values obtained in survivors and 
non-survivors (14). 
In the insights of the above information, the 
objective of the current study was to 
characterize the changes in multiple 
biochemical features during the insulin 
treatment and insulin withdrawal periods of 
poorly controlled experimental DM induced 
by total pancreatectomy in local 
crossbreeding dogs in order to have some 
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information about the margin of safety that 
these pancreatectomized dogs own between 
persistent hyperglycemia and DKA. 
 
Materials and Methods 
 
Preoperative procedures 
The experiments were approved by the 
ethics committee at the College of 
Veterinary Medicine, University of Duhok/ 
Iraq (Reference No.: CVM20180910UD in 
01-09-2018). Five normal adult female local 
crossbreeding dogs were used in the current 
biochemical study. The body weights of the 
animals were extended from 17.5 to 27.7 kg 
at mean of 20.88 kg on pancreatectomy 
operation day. They were kept in individual 
cages, maintained on a high protein diet 
(minced beef 500g/animal/day) and tap 
water in estimated quantities to determine 
the amount of water consumed per day. Ten 
grams of pancreatic enzymes powder 
(Zoetis, United Kingdom) was added to the 
diet.  
 
Surgical Technique 
The dogs were pre-medicated with atropine 
(ATROVAP, VAPCO, Jordan) at a dose of 
0.04mg/kg B. Wt., and after 10 minutes, the 
induction and maintenance of general 
anesthesia was accomplished by mixture of 
Xylazine and Ketamine as used by Kim et 
al. (15) except that the mixture was injected 
intramuscularly not intravenously. The dose 
of Xylazine (Xylanit, Nita-farm, Russia) 
was 2mg/kg B. Wt., and of Ketamine 
(KETAMIN, Dutch Farm, Holland) 
was15mg/kg B. Wt. Experimental total 
pancreatectomy without duodenectomy 
where the shared pancreaticoduodenal 

arterial arcade removed with the pancreas 
was performed. The pancreaticoduodenal 
arcade is the anastomosis of the superior and 
inferior pancreaticoduodenal arteries and is 
embedded in the substance of the pancreatic 
head and supplies both pancreas and 
duodenum. So, the evolved technique 
disrupted the vascular integrity of the 
duodenum.  Excision of the 
pancreaticoduodenal vascular arcade results 
in a devascularized but viable duodenal loop 
(16). 
 
Postoperative Care 
All pancreatectomized dogs were yielded to 
daily observation for 14 – 60 days to check 
their general condition (Table 1). The dogs 
were weighed weekly. They treated with 20 
to 30 units of human recombinant insulin 
(Mixtard® 30 Novo Nordisk/Denmark) (17) 
by injection sub cut before feeding once 
daily that prevented the appearance of 
ketone bodies in the urine and to initiate a 
poorly controlled diabetic state (one daily 
fasting blood glucose level was ranging 
from 350 – 650 mg/dl). They were returned 
to the preoperative feeding at one week after 
surgery.  On this regimen, the dogs lost 
weight slowly. However, ate well and their 
wounds healed without incident. Dose of 
insulin was determined based on daily 
fasting blood glucose measures by 
glucometer. 
 
Serum Biochemistry  
Blood specimens (5ml) was collected from 
the cephalic vein afternoon post-fasting for 
about 24 h to measure the levels of aspartate 
transaminase (AST), ALT, ALP, total 
cholesterol, triglyceride, total bilirubin, 
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glucose, blood urea nitrogen (BUN), 
creatinine, sodium ions (Na+), potassium 
ions (K+), total calcium, chloride ions (Cl‾), 
and phosphorus in serum. Cobbas 6000 
Chemistry Analyzer / Roche/ Germany used 
to estimate the above serum biochemical 
indices. Serum chemical examination was 
performed in one week before operation 
(preoperative period). This biochemical 
investigation was repeated in the last two 
days of insulin injection (insulin treatment 
period) and continued every day after 
stopping the injection of insulin until death 
of animals (insulin withdrawal period). 
 

Urinalysis 
Urine reagents stripe test is used to detect 
glucose and ketone bodies in the urine of 
dogs and cats (18, 19). The stripe contains 
reagents for many chemicals including 
glucose and acetoacetate. The test was 
performed by dipping the stripe in urine 
sample to check for glycosuria and ketonuria 
before operation and in the last two days of 
insulin therapy (insulin treatment period) 
and in most days after stopping insulin 
injections until death of animals (insulin 
withdrawal period). 
 

 
Table (1): The observation periods from operation day and survival times after discontinuation of 
insulin in pancreatectomized dogs 
 
Dog No.        Days of observation during    Survival days after insulin withdrawal  

                                        insulin treatment 

1                                  60 days                                                       5 days  

2                                  32 days                                                       10 days 

3                                  30 days                                                       8 days  

4                                  34 days                                                       9 days 

5                                  14 days                                                       7 days 

 
 
Statistical analysis 
 
Before evaluating the biochemical data 
statistically, they were assured for similarity 
and analogy of variance by means of 
residual plots and Bartlett’s test, 
successively.  The statistics were analyzed 
using logistic regression in GenStat 16th 
Edition. ANOVA test and multiple 
comparisons were used to locate the 
diversity of variables between the three 
periods of the study. All the values of 
biochemical estimations were expressed as 
mean ± standard error of mean (SEM). 

Values (P<0.05) were considered 
significant. 
 
Results 

 
Generally, the dogs were not clinically ill. 
All animals exhibited marked diabetic signs 
of polyuria and polydipsia after 
pancreatectomy. Despite consuming all diet 
given to these dogs, dogs were wasting 
clearly and manifesting an obvious 
decrement in the weight of the body from 
18.3 – 64.7% of preoperative estimates. 
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After observation for 14–60 days, all dogs 
were sacrificed by withdrawing insulin 
therapy. Without insulin, depancreatized 
animals died in severe diabetic ketoacidosis 
within 5, 7, 8, 9, and 10 days. All animals 
suffered from vomiting, dehydration and 
lethargy before death. After death, yellow 
discoloration observed at autopsy indicating 
fatty liver development. 
 
Urinalysis revealed glycosuria in the last 
two days of insulin treatment period. Ketone 
body-positive reaction (ketonuria) beside 
glycosuria during the insulin withdrawal 
period were detected in urine stripe test 
which was always found to be considerable 
(+++ ve) and unchangeable. 
 
The permanent DM clinical alterations were 
associated with several variations in serum 
biochemical parameters. The analyses 
revealed clear cut and often dramatic 
biochemical alterations. After 
pancreatectomy and fasting hyperglycemia, 
there was consistent elevation for serum 

ALP, ALT, AST activities, and a significant 
gradual increase in total cholesterol and K+ 
concentrations after induction of diabetes 
compared with the preoperative values. On 
the other hand, there is a significant decrease 
in chloride ions (Cl‾) concentrations after 
operation compared with the values before 
pancreatectomy (Table 2) 
A triglyceride, total bilirubin, Na +, and 
BUN concentrations remained unchanged 
significantly during insulin treatment period 
in comparison with their levels before the 
operation and then exaggerated significantly 
and excessively during insulin withdrawal 
period. In opposite to that, the serum total 
calcium concentration decreased 
significantly below the preoperative level 
after insulin withdrawal (Table 2).  
 
There were no significant variations in 
serum phosphorus and creatinine levels in 
all three periods of the study. Slight 
increases in phosphorus and slight decrease 
in creatinine from those of preoperative 
values were recorded (Table 2). 

 
Table (2) Serum biochemical profile in the pancreatectomized dogs (n=5) 
 
No.    Parameter             Unit      Before pancreatectomy          After pancreatectomy                            After pancreatectomy 
                                                       (Mean ±SEM)                           with insulin                                             without insulin  
                                                                                                                (Mean ±SEM)                                              (Mean ± SEM) 

 
1       Glucose       mg/dl                  98.9 ± 50.6             420.7 ± 36.7 ***                                520.8 ± 48.2 *** 
2       ALT        IU/L                  28.1 ± 17.9             96.0 ± 16.4 ***                                113.9 ± 16.9 *** 
3       ALP        IU/L                  94.7 ± 37.4             184.7 ± 34.3 **                                289.4 ± 35.3 *** 
4       AST  IU/L                  25.7 ± 20.2             51.6 ± 12.7 ***                                74.4 ± 20.6 *** 
5       Bilirubin              mg/dl                  0.23 ± 0.29             0.31 ± 0.22                                                0.77 ± 0.28 *** 
         (Total) 
6       Triglyceride         mg/dl                  54.5 ± 159.9             93.9 ± 142.4                                518.9 ± 162.4 *** 
7       Cholesterol       mg/dl                 206.2 ± 25.2             263.2 ± 19.1 **                               286.4 ± 24.2 *** 
           (Total) 
8       BUN       mg/dl                  32.6 ± 13.7              39.3 ± 11.9                                                 66.8 ± 12.6 ** 
9       Creatinine             mg/dl                  0.83 ± 0.18              0.76 ± 0.17                                                 0.76 ± 0.11 
10     K +                       mmol/L               4.14 ± 0.24             5.37 ± 0.21 ***                                4.94 ± 0.25 *** 
11     Na +       mmol/L              138.1 ± 3.09             140.2 ± 2.96                                146.7 ± 3.14 ** 
12     Cl ‾                       mmol/L               107.9 ± 3.22             98.7 ± 3.22 ***                                 98.9 ± 3.24 *** 
13     Phosphorus          mg/dl                  3.48 ± 1.18              3.85 ± 0.16                                               3.79 ± 0.18 
14     Calcium (Total)   mg/dl                  10.7 ± 0.230             10.65 ± 0.233                                   8.68 ± 0.233 *** 

                        
 
Significance in comparison with values before pancreatectomy * P < 0.05, ** P < 0.01, *** P < 0.001 
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Discussions  
All animals in the current study 
demonstrated ideal signs like the 
spontaneous DM in dogs. The identification 
of DM in canine depends upon the existence 
of polyuria, polydipsia, polyphagia and 
weight loss with concurrent hyperglycemia 
and glycosuria (20, 21). Canine DM 
progresses from profound hyperglycemia to 
life-threatening DKA and affected dogs will 
die without insulin therapy due to severe 
insulin deficiency at the time of diagnosis 
(22). All animals in the present study 
suffered from fatal DKA after insulin 
withdrawal as indicated by ketonuria on 
urine stripe test. Canine DKA is ordinarily 
diagnosed through ketonuria by measuring 
the urinary acetoacetate (23).  
In present study, surgically induced DM 
caused considerable increases in ALT, AST, 
and ALP and bilirubin which were highly 
intensified in contrast to their activities 
before the operation. These changes were 
accompanied by yellow discoloration of 
liver at post mortem. Previous study which 
observed fatty degeneration in the liver post 
pancreatectomy in the poor control diabetic 
dogs (2). Liver fatty degeneration was 
manifested by elevated activities of the 
above-mentioned liver enzymes (2). Study 
of experimental total pancreatectomy in 
dogs, revealed yellow discoloration of the 
liver and increases in serum ALP and ALT 
activities, and bilirubin concentrations 
(direct and indirect) were exaggerated (4). 
All changes were signal for diffuse damage 
of hepatic cells; also, generalized fatty 
metamorphosis was shown in 
histopathologic examination (4). 
Histopathologic examination in spontaneous 

canine DM indicated fatty deposition in the 
liver (24). In comparison to human, slight 
elevation in plasma bilirubin level in 
animals are considerable signal of liver 
injury (25). In a recent study, the 
progressively increased activities of AST, 
ALT, ALP, and Bilirubin was attributed to 
the oxidative stress to the liver which leads 
to producing the free radicals that cause 
leakage of these enzymes to the blood 
circulation as a result of increased 
permeability of cell wall (26).   
 
Hypercholesterolemia and 
hypertriglyceridemia are common in 
diabetes in dogs (20). The mean value of 
serum triglyceride was highly elevated 
(P<0.001) after insulin withdrawal in 
comparison with its level before operation 
(Table 2). Elevation of triglyceride was less 
severe in the dogs of subtotal 
pancreatectomy than in those which were 
totally pancreatectomized (1). Thereafter, 
the totally depancreatized dogs were died 
within 7 days after ceasing insulin treatment, 
and a marked deposition of fat in the hepatic 
cells noticed histologically in those animals. 
The mean value of serum total cholesterol 
was highly elevated (P<0.01) during insulin 
treatment period and was further elevated 
(P<0.001) after insulin withdrawal in 
comparison with its level before operation 
(Table 2). Rising in total cholesterol levels 
was detected after induction of diabetes 
chemically by alloxan in rabbits (27) and 
dogs (28). Increases in blood cholesterol 
level were also reported earlier in 
experimental as well as spontaneous canine 
DM (29).  
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In the present study, severe hypochloremia 
(p<0.001) was observed after induction of 
diabetes post pancreatectomy. One possible 
reason for the Cl‾ declining is the excessive 
urinary loss caused by the osmotic diuresis 
induced by glycosuria (30). The current 
study showed severe dropping in total 
calcium level (p<0.001) in the insulin 
withdrawal period. There is great agreement 
between the results of the present study and 
those of previous study (31). It has been 
found that lipemia (hypertriglyceridemia and 
hypercholesterolemia), hypochloremia, 
hypocalcemia, and high hepatic enzyme 
activities were the most frequently identified 
serum biochemical abnormalities in diabetic 
dogs (31). Survival of dogs suffering from 
DKA was correlated with the degree of 
anemia, hypocalcemia, and acidosis due to 
base deficit (13). 
The current study revealed a significant 
rising (P<0.01) in the mean value of BUN 
(66.8 ± 12.6 mg/dl) in the insulin 
withdrawal period. Because all animals in 
the current study were non-survivors, this 
finding is agreement with previous study in 
their retrospective survey of 43 dogs with 
DM (32). It has been found that dogs 
suffering from DM were non-survivors if 
blood glucose was exceeded 450mg/dl, ALP 
above 540 IU/L, ALT higher than 175 IU/L, 
and blood urea was more than 25.2mg/dl or 
cholesterol was beyond 657.9mg/dl. 
In the present study, there was a significant 
rising (P<0.01) in Na+ level after stopping 
insulin therapy. This rising was 
accompanied by severe lipemia in which 
serum gave milky appearance. Severe 
lipemia might appear to elevate the serum 
sodium value as lipemia dislodges sodium 

into the non-lipemic proportion of serum, 
making a normal serum sodium level seem 
increased (33).  
 
In the present study, there was significant 
elevation (P<0.001) in serum K+ level after 
pancreatectomy. This elevation might be 
ascribed to insulin deficiency due to poor 
controlled diabetic state during insulin 
treatment period and insulin withdrawal 
period. Pancreatectomy in dogs led to a 
marked deterioration in potassium tolerance 
and lethal cardiac toxicity (6-8). It has been 
found that when depancreatized dogs were 
provided by exogenous insulin, potassium 
tolerance was returned to normal (6). Insulin 
therapy returns the serum potassium 
concentration to normal state by treating the 
insulin deficiency and hyperosmolality, 
empowering transferring of the potassium to 
inside the cells and reducing the requirement 
for protein catabolism (34). 
 
The Mean ± SE values for creatinine before 
operation and in diabetic dogs during insulin 
therapy and after termination of therapy 
were 0.833±0.187 mg/dl, 0.767±0.171mg/dl 
and 0.766±0.108mg/dl, respectively (Table 
2). There was no significant difference in the 
creatinine values between the three periods 
of the experiment. This finding is in 
agreement with previous studies (24, 35). 
Serum phosphorus level did not change 
significantly in all three periods of the 
present study. Serum phosphorus 
concentrations might be decreased or normal 
or increased, depending on the duration of 
illness and kidney function. Most dogs and 
cats with DKA have either normal or 
decreased serum phosphorus concentrations 
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on pretreatment testing (36). Dehydration 
and decreased phosphorus excretion in the 
later stages of the disease might cause the 
serum phosphorous concentration to be 
normal or increased (34). 
 
Conclusions 
 
In conclusion: Triglyceride, total bilirubin, 
Na+, total calcium, and BUN might be 
involved in the pathogenesis of surgically- 
induced canine DKA. Whereas ALT, ALP, 
AST, total cholesterol, K+ and Cl‾ might be 
involved in the pathogenesis of uncontrolled 
DM in dogs. The surgically induced diabetes 
mellitus by experimental total 
pancreatectomy in the local crossbreeding 
dogs was a beneficial model to examine the 
series of progression of the disease through 
incorporating the clinical examination to the 
biochemical results. 
 
References 
 

1. Aoki, F. (1981). Influence of the 
subtotal pancreatectomy on the 
serum lipids (author's transl). Nihon 
Shokakibyo Gakkai Zasshi= The 
Japanese Journal of Gastro-
enterology, 78(10),1976.1984.https://
www.jstage.jst.go.jp/article/nisshoshi
1964/78/10/78_10_1976/_pdf 

2. Sasaya, M. Studies On The Lipid 
Metabolism And The 
Histopathological Changes Of Liver 
And Kidney In Depancreatized 
Dogs. 
https://www.jstage.jst.go.jp/article/en
docrine1927/48/7/48_512/_pdf 

3. Gleeson, J. M., Hejazi, J. S., Kwong, 
L., Chan, F., Le, T., Alberts, A. W., 
& Wilson, D. E. (1990). Plasma 
apolipoprotein E, high density 
lipoprotein1 (HDL1) and urinary 
mevalonate excretion in 
pancreatectomized diabetic dogs: 
effects of insulin and 
lovastatin. Atherosclerosis, 84(1), 1-
12. https://doi.org/10.1016/0021-
9150(90)90002-Z 

4. Rosin, D., Campos, R., Moberg, A. 
W., & Najarian, J. S. (1972). 
Technique for total pancreatectomy 
of the dog. American journal of 
veterinary research, 33(6), 1299-
1302. 
https://pubmed.ncbi.nlm.nih.gov/455
5175/ 

5. Kawarada, Y., Sanda, M., 
Kawamura, K., Suzaki, M., Nakase, 
I., & Mizumoto, R. (1991). 
Simultaneous extensive resection of 
the liver and the pancreas in 
dogs. Gastroenterologia 
Japonica, 26, 747-756. 
https://doi.org/10.1007/BF02782863 

6. Hiatt, N., Morgenstern, L., 
Davidson, M. B., Bonorris, G., & 
Miller, A. (1973). Role of insulin in 
the transfer of infused potassium to 
tissue. Hormone and Metabolic 
Research, 5(02), 84-88. DOI: 
10.1055/s-0028-1093988 

7. Hiatt, N., Yamakawa, T., & 
Davidson, M. B. (1974). Necessity 
for insulin in transfer of excess 
infused K to intracellular 
fluid. Metabolism, 23(1), 43-49. 

https://www.jstage.jst.go.jp/article/nisshoshi1964/78/10/78_10_1976/_pdf
https://www.jstage.jst.go.jp/article/nisshoshi1964/78/10/78_10_1976/_pdf
https://www.jstage.jst.go.jp/article/nisshoshi1964/78/10/78_10_1976/_pdf
https://www.jstage.jst.go.jp/article/endocrine1927/48/7/48_512/_pdf
https://www.jstage.jst.go.jp/article/endocrine1927/48/7/48_512/_pdf


 Hasan and Al-Mufti. 

  20  
Bas J Vet Res, 22(2), 2023 

https://doi.org/10.1016/0026-
0495(74)90102-4 

8. Pettit, G. W., & Vick, R. L. (1974). 
Contribution of pancreatic insulin to 
extrarenal potassium homeostasis: a 
tow-compartment model. American 
Journal of Physiology-Legacy 
Content, 226(2), 319-324. 
https://doi.org/10.1152/ajplegacy.19
74.226.2.319 

9. Lebensohn, J. E. (1915). The 
chlorides in diabetes after 
pancreatectomy... American Society 
for Biochemistry and Molecular 
Biology. 
https://doi.org/10.1016/S0021-
9258(18)87594-9 

10. Fasoli, A., Magid, E. B., Glassman, 
M. D., & Foà, P. P. (1954). Serum 
lipoproteins in experimental 
diabetes. I. Serum lipoprotein pattern 
of normal and depancreatized 
dogs. Proceedings of the Society for 
Experimental Biology and 
Medicine, 85(4), 609-613. 
https://doi.org/10.3181/00379727-
85-20968 

11. DiFazio, J., & Fletcher, D. J. (2016). 
Retrospective comparison of early‐
versus late‐insulin therapy regarding 
effect on time to resolution of 
diabetic ketosis and ketoacidosis in 
dogs and cats: 60 cases (2003–
2013). Journal of Veterinary 
Emergency and Critical Care, 26(1), 
108-115. 

12. Niaz, K., Maqbool, F., Khan, F., 
Hassan, F. I., Momtaz, S., & 
Abdollahi, M. (2018). Comparative 
occurrence of diabetes in canine, 

feline, and few wild animals and 
their association with pancreatic 
diseases and ketoacidosis with 
therapeutic approach. Veterinary 
world, 11(4), 410. 

13. Hume, D. Z., Drobatz, K. J., & Hess, 
R. S. (2006). Outcome of dogs with 
diabetic ketoacidosis: 127 dogs 
(1993–2003). Journal of veterinary 
internal medicine, 20(3), 547-555. 
https://doi.org/10.1111/j.1939-
1676.2006.tb02895.x 

14. Durocher, L. L., Hinchcliff, K. W., 
DiBartola, S. P., & Johnson, S. E. 
(2008). Acid-base and hormonal 
abnormalities in dogs with naturally 
occurring diabetes mellitus. Journal 
of the American Veterinary Medical 
Association, 232(9), 1310-1320. 
https://doi.org/10.2460/javma.232.9.
1310 

15. Kim, S. K., Lee, S., Jin, S., Moon, H. 
T., Jeon, O. C., Lee, D. Y., & Byun, 
Y. (2010). Diabetes Correction in 
Pancreatectomized Canines by 
Orally Absorbable Insulin− 
Deoxycholate Complex. Molecular 
Pharmaceutics, 7(3), 708-717. 
https://doi.org/10.1021/mp9002688 

16. Papachristou, D. N., & Fortner, J. G. 
(1980). A simple method of 
pancreatic transplantation in the 
dog. The American Journal of 
Surgery, 139(3), 344-347. 
doi.org/10.1016/0002-
9610(80)90290-1 

17. Behrend, E., Holford, A., Lathan, P., 
Rucinsky, R., & Schulman, R. 
(2018). 2018 AAHA diabetes 
management guidelines for dogs and 

https://doi.org/10.1016/0026-0495(74)90102-4
https://doi.org/10.1016/0026-0495(74)90102-4
https://doi.org/10.1152/ajplegacy.1974.226.2.319
https://doi.org/10.1152/ajplegacy.1974.226.2.319
https://doi.org/10.1016/S0021-9258(18)87594-9
https://doi.org/10.1016/S0021-9258(18)87594-9
https://doi.org/10.3181/00379727-85-20968
https://doi.org/10.3181/00379727-85-20968
https://doi.org/10.1111/j.1939-1676.2006.tb02895.x
https://doi.org/10.1111/j.1939-1676.2006.tb02895.x
https://doi.org/10.2460/javma.232.9.1310
https://doi.org/10.2460/javma.232.9.1310
https://doi.org/10.1021/mp9002688


 Hasan and Al-Mufti. 

  21  
Bas J Vet Res, 22(2), 2023 

cats. Journal of the American Animal 
Hospital Association, 54(1), 1-21. 

18. Yadav, S. N., Ahmed, N., Nath, A. 
J., Mahanta, D., & Kalita, M. K. 
(2020). Urinalysis in dog and cat: A 
review. Veterinary World, 13(10), 
2133. 
https://www.ncbi.nlm.nih.gov/pmc/a
rticles/PMC7704312/pdf/Vetworld-
13-2133.pdf 

19. Rudloff, E. (2017). Diabetic 
ketoacidosis in the cat: Recognition 
and essential treatment. Journal of 
feline medicine and surgery, 19(11), 
1167-1174. 

20. Nelson, R. W., & Reusch, C. E. 
(2014). Animal models of disease: 
classification and etiology of 
diabetes in dogs and cats. Journal of 
Endocrinology, 222(3), T1-T9. 
doi=10.1.1.859.7190&rep=rep1&typ
e=pdf 

21. Greco, D. S. (2018). Diabetes 
mellitus in animals: diagnosis and 
treatment of diabetes mellitus in 
dogs and cats. In Nutritional and 
Therapeutic Interventions for 
Diabetes and Metabolic 
Syndrome (pp. 507-517). Academic 
Press. 

22. Adin, C. A., & Gilor, C. (2017). 
Focus: Comparative medicine: the 
diabetic dog as a translational model 
for human islet transplantation. The 
Yale journal of biology and 
medicine, 90(3), 509. 

23. Tommaso, M. D., Aste, G., Rocconi, 
F., Guglielmini, C., & Boari, A. 
(2009). Evaluation of a portable 
meter to measure ketonemia and 

comparison with ketonuria for the 
diagnosis of canine diabetic 
ketoacidosis. Journal of veterinary 
internal medicine, 23(3), 466-471. 
https://doi.org/10.1111/j.1939-
1676.2009.0302.x 

24. Poddar, S. (2018). Reliable 
Diagnostic Techniques For Canine 
Diabetes With Histopathological 
Effects Of Organs (Doctoral 
dissertation, Department of Anatomy 
and Histology Faculty of Veterinary 
Medicine Chittagong Veterinary and 
Animal Sciences University 
Chittagong–4225, Bangladesh). 

25. Evans, G. O. (Ed.). (2009). Animal 
clinical chemistry: a practical 
handbook for toxicologists and 
biomedical researchers. CRC Press. 

26. Al-Zwean, D. H. (2018). Effect of 
Chlorinated Water and It's 
Disinfection By-Products (Dbps) in 
Some Hygienic And Physiological 
Traits of Male Rabbits. Basrah 
Journal of Veterinary 
Research, 17(3). 

27. Al-Mousawi, Z. A. (2013). Effect of 
vitamin C and zinc on some 
biochemical parameter in alloxan 
induced diabetic rabbits. Bas. j. vet. 
Res, 12(1), 77-86. 

28. Ismail, Z. B., Hananeh, W., 

Alshehabat, M., Daradka, M., & Ali, 

J. (2015). Short–term clinical and 

pathological alterations associated 

with a single intravenous injection of 

alloxan monohydrate in 

dogs. Human and Veterinary 

https://doi.org/10.1111/j.1939-1676.2009.0302.x
https://doi.org/10.1111/j.1939-1676.2009.0302.x


 Hasan and Al-Mufti. 

  22  
Bas J Vet Res, 22(2), 2023 

Medicine, 7(2), 70-74. 

http://www.hvm.bioflux.com.ro/docs

/2015.70-74.pdf 

29. Engerman, R. L., & Kramer, J. W. 

(1982). Dogs with induced or 

spontaneous diabetes as models for 

the study of human diabetes 

mellitus. Diabetes, 31(Supplement_1

), 26-29. 

https://doi.org/10.2337/diab.31.1.S26 

30. De Causmaecker, V., Daminet, S., & 

Paepe, D. (2009). Diabetes 

ketoacidosis and diabetes ketosis in 

54 dogs: a retrospective 

study. Vlaams Diergeneeskundig 

Tijdschrift, 78, 327-337. 

https://vdt.ugent.be/sites/default/files

/art78504.pdf 

31. Hess, R. S., Saunders, H. M., Van 

Winkle, T. J., & Ward, C. R. (2000). 

Concurrent disorders in dogs with 

diabetes mellitus: 221 cases (1993–

1998). Journal of the American 

Veterinary Medical 

Association, 217(8), 1166-1173. 

https://doi.org/10.2460/javma.2000.2

17.1166 

32. Doxey, D. L., Milne, E. M., & 

Mackenzie, C. P. (1985). Canine 

diabetes mellitus: a retrospective 

survey. Journal of Small Animal 

Practice, 26(9), 555-561. https://sci-

hub.se/https://doi.org/10.1111/j.1748

-5827.1985.tb02232.x 

33. DiBartola, S. P. (2011). Fluid, 

electrolyte, and acid-base disorders 

in small animal practice. Elsevier 

Health Sciences. 

34. Silverstein, D., & Hopper, K. 

(2014). Small animal critical care 

medicine-E-Book. Elsevier Health 

Sciences. 

35. Kaneko, J. J., Mattheeuws, D., 

Rottiers, R. P., & Vermuelen, A. 

(1979). Renal clearance, insulin 

secretion and glucose tolerance in 

spontaneous diabetes mellitus of 

dogs. The Cornell 

Veterinarian, 69(4), 375-383. 

https://babel.hathitrust.org/cgi/pt?id=

uc1.b4179405&view=1up&seq=391 

36. Feldman, E. C., Nelson, R. W., 

Reusch, C., & Scott-Moncrieff, J. C. 

(2014). Canine and feline 

endocrinology-e-book. Elsevier 

health sciences. 

 
 



 Hasan and Al-Mufti. 

  23  
Bas J Vet Res, 22(2), 2023 

 

 البنكریاس الكامل في الكلاب الھجینة المحلیة باستئصالللداء السكري المستحث   ةكیمیائیة حیویدراسة 

 

   المفتي ابراھیم برھان ناظم جواد حسن،

. جامعة دھوك البیطري،كلیة الطب  الباطنیة،فرع الجراحة والأمراض   

 

 

 الخلاصة 

الداء السكري في    الھدف تقییم حالة الأوساط الكیمیائیة الحیویة لمصل الدم في حالة سوء السیطرة على  من ھذه الدراسة كان 

بعد   المحلیة والمستحث  الھجینة  الكامل    استئصالالكلاب  العملیة الاختباريالبنكریاس  قبل  الحیویة  الكیمیائیة  المقایسة  . أخذت 

الأخیرین الیومین  العلاج    الجراحیة وخلال  فترة  وبعد من  الحیوانات  بالأنسولین  نفوق  لحین  بالأنسولین  المعالجة  بسبب    إنھاء 

البول   باستعمال فحص شریط  البول  تحلیل  الكیتوني شدید عند  بول  الكشف عن  بعد  السكري  الكیتوني  بالحماض  بعد  أصابتھا 

بالأنسولین  یقافا نتائج  .  العلاج  الأوساكشفت  الحیو  طتقدیر  لمستویات الكیمیائیة  بھا  معتد  إزدیادات  المتنوعة عن حصول  یة 

} الكبد  أنزیمات  من  الدم  ل  ترانسامینازالمصل  والأمیني  القلوي،  الفوسفاتاز  الالناین،  لترانسامینازالحمض  ملح حمض  الأمیني 

أیونات الكلورید  معتد بھ لمستوى مصل الدم من    انخفاض  بینما حصل  البوتاسیوم،الأسبارتیك}  والكولسترول الكلي وأیونات  

من جانب آخر ظھرت إزدیادات معتد بھا في مستویات مصل   .في فترة العلاج بالأنسولین وكذلك خلال فترة انقطاع الأنسولین

الدم   معتد بھ للكلسیوم الكلي في   انخفاضمع  الدم من ثلاثي الغلیسرید والبلیروبن الكلي وأیونات الصودیوم ونیتروجین یوریا 

سوء السیطرة    اعتلالقد تكون مشاركة في    أولاأن الأوساط الكیمیائیة الحیویة المذكورة  ف بالاستنتاج.  الانسولین فقط  انقطاعفترة  

قد تكون   بعد وقف العلاج بالأنسولین فقط وھي التي عرضت تغییرات معتد بھا  آخرا الأوساط المذكورة  السكري بینماعلى الداء 

 في الكلاب. جراحیایتوني السكري المستحث الحماض الك  اعتلالمشاركة في 
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