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Summary. We examined tissues of seven non-diabetic mon-
grel dogs and four diabetic beagle dogs treated with constant
insulin infusion via totally implantable pumps for from 210 to
880 days. Kidney and skeletal muscle tissue from all dogs
were stained with Congo Red and thioflavin-T and appropri-
ately examined. Kidney tissues from the beagle dogs were ex-
amined by electron microscopy. No amyloid deposits were

found in any of these tissues. Thus, we cannot confirm an ear-
lier report of amyloid occurring in dogs given long-term intra-
venous insulin. It is concluded that amyloidosis is not a neces-
sary complication of long-term intravenous insulin infusion in
dogs.
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New technologies including subcutaneous [1], intrave-
nous [2], or intraperitoneal [3] continuous insulin deliv-
ery systems have been shown to improve glycaemic
control in diabetes, albeit not when compared with the
aggressive application of more conventional treatment
with multiple daily insulin injections [4]. The value of
any approach to improved glycaemic control will ulti-
mately depend upon may variables, including the influ-
ence of the improvement on secondary complications
of diabetes, patient acceptance, and long-term safety [5].
Thus, the recent report by Williamson et al. [6] demon-
strating secondary amyloidosis in beagle dogs receiving
intravenous insulin via mechanical pumps is both time-
ly and disturbing. These workers, using portable insulin
pumps and indwelling vena caval catheters in 11 nor-
mal and four diabetic beagle dogs over 52-250 days,
found large amounts of amyloid in liver, kidney, spleen,
and/or pancreas in 60% of the animals whose tissues
were examined by Congo Red, fluorescence under po-
larized light and electron microscopy [6]. This report led
us to examine tissues of our dogs under study with total-
ly implantable pumps receiving continuous intravenous
insulin infusions of 210-880 days duration. We found
no amyloid in these dogs.

Materials and Methods

Animals

Seven intact non-diabetic mongrel dogs (five female, two male) re-
ceived constant insulin infusions using insulin dosages and insulin

media and with durations of infusions as outlined in Table 1. Four
uninephrectomized male beagle dogs, made diabetic with alloxan [7],
received constant insulin infusion at insulin dosages with durations of
infusion as outlined in Table 2.

The severity of the diabetic state produced by our alloxan protocol
has been documented [8]. All animals received soluble porcine insulin
(U100; Lilly, Indianapolis, Indiana).

Pumps

Infusaid TM Model 200 pumps [2, 8] were used in these studies. Of
note is the presence of a 0.22-um filter in the flow path of the pump
[8]. The beagles had pumps modified for transcutaneous control of
pre-meal insulin boluses by the attachment of a magnetically activat-
ed valve. The pumps were implanted in the iliac fossa [§] and cannu-
lae threaded via the deep circumflex iliac vein into the inferior vena
cava or via a mesenteric vein into the portal venous system.

Insulin

All animals received regular porcine insulin (U100; Lilly, Indianapo-
lis, Indiana) via implantable pumps (see below). The bioavailability of
the insulin prepared in 1% sodium dodecyl sulphate (Table 1) has
been demonstrated in diabetic dogs [8] while that of insulin prepared
in glycerol (Table 1) has been shown in both dogs [9] and man [2, 10},
The average daily insulin requirement to maintain strict glycaemic
control in diabetic dogs treated by insulin pumps tended to be lower
than in dogs treated with subcutaneous insulin [11].

Tissue Studies

Kidney biopsies were obtained in all animals as described [12]. Skele-
tal muscle (abdominal wall) was obtained by open biopsy. Tissues of
the mongrel dogs were fixed in 10% buffered formalin for embedding
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Table 1. Constant insulin infusions in mongrel dogs

Dog Insulin dose Infusion medium  Duration Duration

No. (U-kg1- (days)  (total days)
day™h
1 0.5 50% glycerol 84 334
70% glycerol 40
70% glycerol + 210
0.21% NaHCO;
2 0.5 80% glycerol 80 380
80% glycerol + 300
0.21% NaHCO;
3 0.5 40% glycerol 233 404
40% glycerol + 171
0.21% NaHCO,
4 0.8 80% glycerol 630
5 0.5 1% sodium 884
dodecyl sulphate
6 0.5 1% sodium 750
dodecyl sulphate
7 0.5 1% sodium 780
dodecyl sulphate
Table 2. Constant insulin infusions
Dog No. Insulin dose Infusion medium Duration
(U-kg™'-day™) (days)
B-46 0.32 Glycerol 471
B-50 1.8 Glycerol 352
B-51 0.34 Glycerol 530
B-52 241 Glycerol 480

Insulin dose represents sum of constant insulin infusion and bolus de-
livered by transcutaneous magnetic activation of flow regulator value
resulting in increased pump flow rate at meal-times. Animals B-50
and B-52 received an average of 1.5 and 1.3 U-kg~!-day~" of insulin
as meal-time boluses each day. Animals B-46 and B-51 did not require
bolus insulin to maintain near normoglycaemia

in paraffin and sectioning by standard histological techniques. Sec-
tions were stained with Congo Red and with thioflavin-T [13] and ex-
amined by polarized light and fluorescence microscopy, respectively.
Kidney and skeletal muscle biopsy tissues from the four beagle dogs
were snap frozen in isopentane, precooled in liquid nitrogen, sec-
tioned-at 4 p in a Lipshaw cryostat (Lipshaw, Detroit, Michigan) and
stained with Congo Red and thioflavin-T and examined as above.
Sections of renal tissue from a patient with proven amyloidosis were
processed in parallel with the dog tissues and served as positive con-
trols.

In addition, renal biopsies of the four beagle dogs were fixed in
2.5% gluteraldehyde in cacodylate buffer, 0.17 mol/1, post-fixed in 1%
osmium and cacodylate buffer, embedded in Polybed 812 (Poly-
sciences, Warrington, Pennsylvania), sectioned at 75 nm, stained, and
examined with a JEOL 100 CX electron microscope (JEOL, Medford,
Massachusetts) for the presence of amyloid fibrils [14].

Results

The renal tissue from the patient with amyloidosis
showed large quantities of amyloid in renal arterial and
arteriolar walls by both Congo Red and thioflavin-T.
No amyloid was found in any of the dog tissues ex-
amined by these techniques.
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Electron microscopy of renal tissues from the
beagles revealed no glomerular, vascular or other de-
position of the characteristic long 100-500 A fibrils of
amyloid [14].

Discussion

Long-term intravenous administration of massive
quantities of insulin is presently necessary in a few pat-
ients with marked insulin resistance (Brown DM, per-
sonal communication). Further, certain developing
technologies of insulin delivery are predicated on the
hypothesis that long-term intravenous insulin adminis-
tration in usual therapeutic dose is safe [2]. Thus, the re-
port of Williamson et al. that the majority of beagles re-
ceiving intravenous insulin via mechanical pumps
develop multisystem amyloid deposition within ap-
proximately 2-10 months is of great potential impor-
tance and stimulated the present studies [6]. We were
unable to confirm this finding in animals treated with
continuous intravenous insulin infusions in doses com-
parable to those used by Williamson et al. and dura-
tions of infusion up to 3.5 times those reported by these
workers [6]. Koivisto et al. [15] did not find increased
levels of serum amyloid A protein in Type1 diabetic
patients treated with continuous subcutaneous insulin
infusion for up to 40 months. Nor did they find amyloid
in subcutaneous adipose tissue obtained from infusion
sites.

It is known that fibrils which have ultrastructural
characteristics bearing striking resemblance to native
human amyloid fibrils may dévelop if insulin is treated
with hydrochloric acid (pH 2.0) and heated at 80 °C [16].
It is most unlikely that similar conditions could develop
in insulin pump systems. However, spontaneous insulin
aggregation was noted in the pumps used in the report
of Williamson et al. [6] (Albisser AM, personal commu-
nication). Perhaps more important, there was no filter in
the infusion pathway for insulin delivery in the dogs re-
ported by Williamson et al. [6] (Albisser AM, personal
communication).

The Infusaid pump used in the present studies has a
0.22-um filter in the flow path. Further, nephelometry
showed no evidence of aggregation in solutions with-
drawn from these pumps after 1 or 2 weeks (unpub-
lished data). One additional and potentially important
methodological difference between the present studies
and those of the Toronto group is our use of a totally
implantable pump compared with that used in the dogs
developing amyloidosis, a portable pump requiring a
cannula to traverse the skin barrier to infection. This is
of particular importance when it is considered that the
Toronto group’s dogs were found to have massive amy-
loid deposits after as little as 17 mg of insulin adminis-
tered over 52 days [17], indicating that the phenomenon
described by Williamson et al. {6] could not be due to in-
sulin aggregates alone. The elucidation of the pathogen-
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esis of amyloidosis in animals receiving intravenous in-
sulin is of obvious importance. However, it is clear from
this report that amyloidosis is not a necessary conse-
quence of long-term intravenous insulin infusion.

Acknowledgments. We thank Ms. C.Blocher for her technical assis-
tance and Ms. C. Dawis and Ms. C. Meyer for typing the manuscript.
This work was supported by a grant from the National Institute of
Health (AM 23060-04).

References

—

. Calabrese G, Bueti A, Santeusanio F, Giombolini A, Zega G,

Angeletti G, Cantechini MG, Brunetti P (1982) Continuous subcu-
taneous insulin infusion treatment in insulin dependent diabetic
patients: A comparison with conventional optimized treatment in
long-term study. Diabetes Care 5: 457-465

. Rupp WM, Barbosa JJ, Blackshear PJ, McCarthy HB, Rohde TD,

Goldenberg FJ, Rublein TG, Dorman FD, Buchwald H (1982)
The use of an implantable insulin pump in the treatment of type 11
diabetes. N Engl J Med 307: 265-271

. Schade DS, Eaton RP (1980) The peritoneum - a potential insulin

delivery site by a mechanical pancreas. Diabetes Care 3: 229-234
Rizza RA, Gerich JE, Haymond MW, Westland RE, Hall LD, Cle-
mens AH, Service FJ (1980) Control of blood sugar in insulin de-
pendent diabetes: Comparison of an artificial endocrine pancreas,
continuous subcutaneous insulin infusion and intensified conven-
tional therapy. N Engl J Med 303: 313-318

. Unger RH (1982) Meticulous control of diabetes: Benefits, risks

and precautions. Diabetes 31: 479-483

. Williamson JR, Bahoric A, Perlman K, Albisser AM (1982) Sec-

ondary amyloidosis in (beagle) dogs receiving intravenous insulin
via mechanical pumps. Diabetes 31 (Suppl 2), 50 A (Abstract)

. Wigness BD, Mauer SM, Rupp WM, Rohde TD, Steffes MW,

Blackshear PJ, Rucher RD, Jeraj K, Buchwald H (1982) A double
balloon catheter technigue for alloxan diabetogenesis in the dog.
Surg Gynecol Obstet 55: 860-864

. Rohde TD, Wigness BD, Dorman FD, Rupp WM, Arlt GJ, Steffes

MW, Blackshear PJ, Turrell MV, Buchwald H (1982) Glucoregu-
lation in the dog by implantable pump and conventional means.
Trans Am Soc Artif Intern Organs 28: 240-252

. Blackshear PJ, Rohde TD, Palmer JL, Wigness BD, Rupp WM,

Buchwald H (1983) Glycerol prevents insulin precipitation and in-

10.

11.

12.

13.

14.

15.

16.

17.

S.M. Mauer et al.: No Amyloidosis in Dogs on Intravenous Insulin

terruption of flow in an implantable insulin infusion pump. Dia-
betes Care (in press)

Buchwald H, Rupp WM, Rohde TD, Barbosa J, Wigness BD,
Dorman FD, McCarthy HP, Goldenberg FJ, Blackshear PJ, Varco
RL, Steffes MW, Mauer SM (1982) Implantable insulin pump: In-
sulin infusion in animals and man. Trans Am Soc Artif Intern Or-
gans 28: 687-690

Wigness BD, Rupp WM, Rohde TD, Steffes MW, Mauer SM,
Dorman FD, Chapman RC, Blackshear PJ, Buchwald H (1983)
Reduced incidence of hypoglycemia in diabetic dogs receiving in-
tensive insulin infusion therapy by implantable pump. Trans Am
Soc Artif Intern Organs 29: (in press)

Steffes MW, Buchwald H, Wigness BD, Groppoli TJ, Rupp WM,
Rohde TD, Blackshear PJ, Mauer SM (1982) Diabetic nephropa-
thy in the uninephrectomized dog: Microscopic lesions after one
year. Kidney Int 21: 721-724

Luna LG (ed) (1968) Manual of histological staining methods
of the Armed Forces Institute of Pathology. McGraw-Hill,
pp153-157

Glenner GG, Ignaczak TF, Page DL (1978) The inherited systemic
amyloidoses and localized amyloid deposits. In: Stanbury JB,
Wyngaarden JB, Fredrickson DS (eds) The metabolic basis of in-
herited disease. McGraw-Hill, New York, pp 1308—1339

Koivisto VA, Teppo AM, Maury CPJ, Taskenen MR (1983) No
evidence of amyloid in TypeI diabetics treated with continuous
subcutaneous insulin infusion. Diabetes 32: 88-90

Glenner GG, Eanes ED, Bladen HA, Linke RP, Termine JD
(1974) B-Pleated sheet fibrils. A comparison of native amyloid
with synthetic protein fibrils. J Histochem Cytochem 22:
1141-1158

Albisser AM, McAdam KPWJ, Perlman K, Carson S, Bahoric A,
Williamson JR (1983) Amyloidosis in dogs infused with insulin.
Diabetes (in press)

Received: 21 December 1982
and in revised form: 15 June 1983

Dr. S. M. Mauer

Pediatric Nephrology

Medical School

Box 491 Mayo Memorial Building
515 Delaware Street SE
Minneapolis, MN 55455

USA



