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This study was designed to assess plasma glucose levels (PLG) and insulin 
release in totally pancreatectomized baboons when challenged with intra- 
venous glucose administration (IVGTT) . Ten animals (Pupio ursinus) 
were used and duodenectomy was intentionally avoided. The PLG at death 
was 18.0 k mmol/L, and the mean K-value within 3 days after pancrea- 
tectomy was 0.4% 0.2 % , indicating a significant impairment of glucose 
disappearance from the blood when compared to the control animals 
(P <0.01). Plasma insulin levels before and after stimulation with glucose 
were below the lowest level of insulin assay sensitivity. We conclude that 
in the primate, as in the dog, surgical pancreatectomy produced a reliable 
diabetic model, which is uniformly lethal if left untreated. 
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INTRODUCTION anaesthetised with ketamine hydrochloride, sodium pen- 
Experimental transplantation of the pancreas in rats, tobarbitone, (Sagatal, Maybaker, England. 10 mg/kg) for 

dogs and primates has been by several authors induction and ethrane for maintenance. An endotracheal 

been induced by total surgical pancreatectomy with or ing anaesthesia. Ringer’s lactate was administered during 

stmction of the betacell (ie, streptozotocin or alloxan) received Ringer’s lactate solution for 4 days, during 
[7]. Surgical extirpation of the pancreas has been more which period they were starved Of food and water. Par- 

tion of the islet cell mass has found wider application in commencing on the day of Pancreatectomy. Thereafter 
rodent models [7,8]. oral administration of liquids and a standard primate 

The purpose of this study was to investigate the out- p ellet diet (Epol Ltd, South Africa) were given without 
come of total pancreatectomy in the chacma baboon and the addition Of pancreatic extract* 
to assess the glucose and endocrine derangements which 
present during the early postpancreatectomy period. 

MATERIAL AND METHODS 

[2,3,6,7,8]. In these models the diabetic state has either tube was 

without duodenectomy [ 1,4] or by specific chemical de- 

for continuous Of Oxygen dur- 

Postoperatively all baboons at a rate Of loo 

practical in the large animal model, while chemical &la- e n t e d  penicillin and streptomycin were given for 4 days, 

Assays 
Fasting plasma glucose levels (PLG) were determined 

daily after pancreatectomy until the animals had suc- 
Conditioned and disease free, Chacma baboons (papio cumbed Or Were intentionally sacrificed. Glucose deter- 

ursinus) of both sexes, weighing between 8 and 25 kg, minations were performed on peripheral venous blood, 
were used. The animals were housed in squeeze cages, 

Accepted for publication July 23, 1985. and all handling procedures were performed after an 
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injection Of ketamine (Parke-Davis, En- University of Stellenbosch, P.O. Box 63, Tygerberg, 7505, Republic 
gland) had been given (5 mg/kg/IM). All animals were of South Africa. 
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Fig. 1. Operative diagram showing reflection of the pancreatic tail to the left with ligation of 
the splenic vessels and preservation of the short gastric vessels. Insert: Kocher's mobilization 
of the duodcnum showing inferior vena cava, head of the pancreas, and the lower end of the 
common bile duct. 

using the glucose oxidase autoanalyzer method (Beck- 
man-California) . Animals were regarded normogly- 
caemic provided the PLG level did not exceed 6 mmol/ 
L. 

Intravenous glucose tolerance test (IVGTT) was per- 
formed under general anaesthesia (ketamine hydrochlo- 
ride, sodium pentobarbitone) on all baboons before and 
after pancreatectomy, with 0.5g of a 50% glucose solu- 
tion/kg weight following overnight fasting. Glucose tol- 
erance tests were performed on day 3 or 4 post- 
pancreatectomy . The glucose bolus was administered as 
a steady injection into a peripheral leg vein ( f 1 min). 
Venous samples were obtained at intervals of 1 min 
during the first 5 rnin and thereafter at 5-min intervals 
for 1 h, from a venous cannula inserted into the contra- 
lateral leg. K-values (percentage disappearance of glu- 
cose per minute) were calculated from the 10, 15, 20, 
25, 30, 35, 40, 45, 50, 55,and 60 min samples with the 
formula 

K = -  0.693 x 100 
t/2 

where t/2 is the time taken in minutes for the glucose 
level to halve [5].  Insulin was measured by a solid-phase 
'"I radioimmunoassay using human insulin standard 
(Coat-a-Count, CA). The low-end sensitivity of the assay 
was taken as 5 pU/ml. The Mann-Whitney U-test was 
used for statistical comparison between groups, and the 
difference was considered statistically significant if 

P<O.O5. All data shown here are expressed as mean + 
SEM. 

Anatomy of Baboon Pancreas 
As in the human, the primate pancreas lies retroperi- 

toneally in the transpyloric plane and for practical pur- 
poses is divided into a head, neck, body, and tail. The 
head lies in the concave curvature of the second part of 
the duodenum with the uncinate process folding posteri- 
orly to the superior mesenteric vessels. In all cases, the 
common bile duct is embedded in the pancreatic sub- 
stance through which it passes to open into the second 
part of the duodenum. The main duct of the pancreas 
follows the long axis of the gland and opens confluently 
with the common bile duct. The accessory duct, a con- 
stant structure, passes from the lower part of the head 
and opens into the duodenum inferior to the opening of 
the main duct. Occasionally it is absent. The blood sup- 
ply of the pancreas is from the splenic and pancreatico- 
duodenal arteries and the corresponding veins drain into 
the portal vein. The tail of the pancreas is not infre- 
quently intimately related to the hilum of the spleen 
making the procedure of total pancreatectomy tedious 
and time consuming. In 200 dissections performed in this 
laboratory, aberrant, ectopic, or displaced pancreatic tis- 
sue was present in 2% of animals. Ectopic tissue was 
most frequently sited in the proximal jejunum and varied 
from 10 to 20 mm in size. The aberrant tissue was found 
in the subserosa of the bowel, and the usual racemose, 



Pancreatic Transplantation 215 

yellow-white pattern of the pancreas was easily identifi- 
able. Histologically they consisted of exocrine glands and 
islets of Langerhans. 

Technique of Total Pancreatectomy 
In all cases total pancreatectomy without duodenec- 

tomy was performed under general anaesthesia through a 
midline incision extending from the pubis to the xiphi- 
sternum. The tail of the pancreas was mobilized first, 
and the splenic artery and vein ligated proximal to the 
branching of the artery, thus ensuring an adequate blood 
supply to the spleen via the short gastric vessels (Fig. 1). 
In some cases the tail of the pancreas was intimately 
related to the vessels in the hilum of the spleen, but in all 
of these cases it was possible to perform total pancreatec- 
tomy without splenectomy. Mesentery attachments of the 
tail and body of the pancreas were divided, and thereafter 
the splenic vein was ligated just proximal to its junction 
with the portal vein. Ligation and division of the middle 
colic artery and vein at this point of the operation gave 
excellent access to the pancreatic head. Following liga- 
tion of the gastro-duodenal vessels and identification of 
the common bile duct, the head of the pancreas was 
excised from the medial border of the duodenum by sharp 
dissection. The pancreatic tissue was peeled off the se- 
rosa of the duodenum by sharp dissection, thus ensuring 
removal of all pancreatic fragments. This technique re- 
sulted in extensive devascularization of the medial border 
of the second part of the duodenum. In all cases the 
accessory pancreatic duct was sealed with a liga clip. 
The main pancreatic duct was ligated proximal to its 
junction with the common bile duct, and the remainder 
of the pancreatic head was removed after Kocherization 
of the duodenum (Fig. 1). The latter maneuvre proved 
particularly helpful in identifying the course of the distal 
segment of the common bile duct and procuring haemo- 
stasis. Blood loss varied from 20 to 30 ml and the oper- 
ation was usually completed within 30 min without a 
blood transfusion. 

Experimental Groups 
Sixty baboons were divided into two groups. 
Group I. Normal baboons (N = 50) provided the con- 

trol range of plasma glucose and insulin levels, glucose 
tolerance, and glucose degradation values (K-values) . 

Group 11. Total surgical pancreatectomy without duo- 
denectomy (N = 10). These animals received neither 
transplants nor exogenous insulin. IVGTT was per- 
formed 3 4  days after total pancreatectomy. 

RESULTS 
Group I: Normal Baboons (N=50) 

The mean PLG was 5.6 5 0.2mmoUL (range 1.6- 
9.5mrnoVL). The mean K-value was 2.4% * 0.09% 
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Fig. 2 .  Mean plasma glucose values (k SE) during IVGTT in normal 
baboons and totally pancreatectomized baboons. 

(range 0.5-4.6). Plasma insulin values increased from 
134.6 f 35.4 pU/mL to 320.3 -t 72.3 pU/mL during 
IVGTT (Figs. 2,3). 

Group 11: Totally Pancreatectomized Baboons 
(N = 10) 

The ten apancreatic control animals died between 3 
and 12 days after pancreatectomy (median survival 5 
days). The fasting PLG level rose immediately after 
pancreatectomy and remained elevated until death had 
occurred. The PGL at death was 18.0 f 1.4mmol/L, and 
the mean K-value within 3 days after pancreatectomy 
was 0.4% & 0.02%, indicating a significant impairment 
of glucose disappearance from the blood when compared 
to the control animals (P<O.Ol) (Figs. 2,3). Plasma 
insulin levels before and after stimulation with glucose 
during IVGTT were below the lowest level of the insulin 
assay sensitivity. During the short postoperative survival 
time, no animal developed diarrhoea, duodenal necrosis, 
or infarction of the spleen. 

DISCUSSION 
This study confirms that total pancreatectomy in the 

chacma baboon, as in the dog, is a reliable diabetic model 
and is lethal if left untreated. The hyperglycaemia pro- 
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Fig. 3. Mean plasma insulin levels (k SE) during IVGTT in normal 
baboons and totally pancreatectomized baboons. 

duced by total pancreatectomy followed a progressive 
course and no animal survived for longer than 12 days. 

Our diabetic model has found wide application in ex- 
perimental intraperitoneal segmental pancreatic trans- 
plantation with free duct drainage in this laboratory. In 
autograft recipients followed up for 6 months, diarrhoea 
was not observed despite the fact that exocrine enzymes 
were not supplemented [3]. This may partially be ex- 
plained by the fact that the primate is predominantly 
vegetarian in its dietary habits. These findings are in 
contrast to those seen in pancreatectomized dogs in which 
dietary supplementation is mandatory after transplanta- 
tion of the pancreas [2]. In our autograft studies the 
animals gained weight. Weight loss in pancreatectomized 
dogs receiving enriched diets with pancreatic enzymes 
has been a major disadvantage of the canine model thus 
limiting long-term follow-up of allografted pancreatic 
recipients. In contrast to our autograft recipients, baboon 
pancreatic allograft recipients have exhibited miId weight 
loss together with moderate diarrhoea in some animals 
[3]. These findings have been attributed to a combination 
of radiation enteritis, and the high dosage of oral cyclo- 
sporine administered in the hope of prolonging pancreatic 
allograft survival in the primate model (31. Supplemen- 
tation of the diet with pancreatic extract in our segmental 
pancreatic allograft model has not completely abrogated 
these nutritional problems. 

Regeneration of the pancreas after total pancreatec- 
tomy has not been encountered by us. Removal of auto- 
grafts or rejection of pancreatic allografts has always 
resulted in immediate hyperglycaemia, and all animals 
have died within 7 days [3]. Duodenal necrosis has not 
occurred in our series of more than 100 pancreatectomies 
performed for pancreatic transplantation despite consid- 
erable devascularization of the duodenum, emphasizing 
the rich collateral blood supply to the duodenum. 

Other methods studied to induce a reliable diabetic 
state in the primate in this laboratory have been unsuc- 
cessful. Intravenous administration of streptozotocin 
without pancreatectomy given in single or divided doses 
ranging from 50 to 100 mg/kg have resulted in inconsis- 
tent results. The disadvantages of the latter technique 
include production of a mild and reversible diabetic state, 
liver and renal failure within 3 months of administration 
of the drug, and death from unknown causes in many 
animals (unpublished data). These complications may 
possibly be avoided by the addition of partial pancreatec- 
tomy to decrease pancreatic mass, thus reducing the dose 
of streptozotocin needed to produce a permanent diabetic 
state. 
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