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may be made. The publisher makes no war-
ranty, express or implied, with respect to the
material contained herein.

Special regulations for photocopies in the
USA: Photocopies may be made for personal
or in-house use beyond the limitations stipulat-
ed under Section 107 or 108 of U.S. Copyright
Law, provided a fee is paid. All fees should be
paid to the Copyright Clearance Center, Inc.,
21 Congress Street, Salem, MA 01970, USA,
stating the ISSN 0941-0198, the volume, and the
first and last page numbers of each article
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Abstract. Pentamidine is known to cause severe
dysglycaemia by damaging B-cell function of the
pancreas. The exact mechanism still remains un-
clear. We report the case of a 53-year-old man in-
fected with the human immunodeficiency virus
who developed insulin-dependent permanent dia-
betes mellitus 3 days after starting intravenous
treatment with pentamidine for pneumocystis
carinii pneumonia. Discharged from hospital the
daily need of insulin increased continuously over
one year now requiring an average dose of 80 units
per day. So far, a number of cases of insulin-depen-
dent diabetes mellitus following pentamidine thera-
py has been reported, but long-term observations
are rare.

Key words: Pentamidine — Diabetes mellitus - Hu-
man immunodeficiency virus

Insulin-dependent diabetes mellitus (IDDM) fol-
lowing parenteral pentamidine therapy in patients
with the acquired immune-deficient syndrome
(AIDS) has been described as a rare adverse event
of the drug in a number of cases. Little is known
about the exact mechanism of action, and there are
no reports of long-term follow-up except one case
with a follow-up of 8 months after the onset of
diabetes mellitus. We report the case of a patient
with AIDS developing IDDM after pentamidine
treatment. His need of insulin increased continu-
ously over 1 year.

Case report

A 53-year-old white man with known human im-
munodeficiency virus (HIV) infection since 1985

Abbreviations: AIDS = acquired immune-deficiency syndrome;
HIV = human immunodeficiency virus; IDDM = insulin-de-
pendent diabetes mellitus

Correspondence to: U. Liegl

(current CD4 cell count 40/mm?) presented with
fever, dyspnea, and cough requiring hospital ad-
mission. Physical examination revealed a patient in
reduced general health with a respiration rate of
42/min and a heart rate of 104/min. Blood gas anal-
ysis showed severe hypoxemia (pO, 49.4 mmHg).
Life-threatening Pneumocystitis pneumonia was
suspected although the patient had used pen-
tamidine inhalations for P. carinii prophylaxis dur-
ing the past 6 months with very good compliance.
After demonstration of P. carinii in the bron-
chioalveolar lavage fluid high-dose intravenous
cotrimoxazole therapy was started. The patient de-
veloped severe skin rash after 1 day, and cotrimox-
azole was therefore replaced by intravenous pen-
tamidine (4 mg/kg). Methylprednisolone (100 mg/
day) was added for 2 days to improve hypoxia.
Within 2 weeks the pneumonia resolved; pen-
tamidine was given for a total of 15 days.

After 3 days of pentamidine therapy asymp-
tomatic hyperglycemia occurred, with serum glu-
cose levels ranging up to 520 mg/dl requiring in-
sulin therapy. Before pentamidine administration
routine blood glucose tests had been normal. After
discontinuation of pentamidine the hyperglycemia
persisted, requiring increasing doses of insulin. The
patient was discharged from hospital with an aver-
age daily dose of 16 U insulin per day. Within 12
months later the average daily dose had increased
to 70 U (Fig. 1). No other risk factors for the devel-
opment of diabetes mellitus were found. There was
no family history of diabetes mellitus, hemoglobin
A,. was within the normal range at the onset of
hyperglycemia, and test results for antibodies
against islet cells were negative. Low C peptide lev-
els (1.5 ng/dl postprandial) indicated B-cell dys-
function.

Two weeks after discontinuation of pen-
tamidine the patient had an episode of nausea and
vomiting lasting for several days, accompanied by
an increase in serum lipase to 490 U/l, serum amy-
lase remaining within normal range. Over a period
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Fig. 1. Postprandial blood glucose levels in the outpatient clinic
and daily requirement of insulin over 9 months after discontinu-
ation of pentamidine

of 5 months lipase levels gradually returned to nor-
mal without further specific therapy.

Discussion

Pentamidine, an aromatic diamidine with antipro-
tozoal activity is used in the treatment of try-
panosomiasis, leishmaniasis, and most importantly
P. carinii pneumonia. It appears to affect oxydative
phosphorylation, nucleic acid synthesis, glucose
metabolism, and folic acid synthesis, but the exact
mechanism of its antiprotozoal effect is not yet
known [5]. The drug can be administered by inhala-
tion, intramuscularly, and intravenously. Its vol-
ume of distribution is extremely high (3 1/kg) while
the plasma half-life is very short (a few minutes)
[12]. Experimental animal models show a high con-
centration of the drug in kidneys, liver, and lungs
but also in other organs such as the pancreas after
intravenous administration [6]. Seven days later the
concentration of the drug in the organs remains
almost unchanged [13]. Pentamidine is largely elim-
inated by renal excretion; a small proportion is
also eliminated by liver and salivary glands.

Side effects of the drug are common, the most
frequent of which are hypotension and hypo-
glycemia, the latter occurring in up to 26% of HIV-
infected patients treated by intravenous pen-
tamidine [7]. Persistent IDDM following pen-
tamidine has been reported in about 25 cases so far
[3, 4, 7, 8, 10, 14]. There are 12 case reports from
India on patients treated for kala-azar [8]. Eleven of
these developed IDDM, one of whom could be suf-
ficiently treated by oral antidiabetics. All of these
patients were followed up over the next 2-5 years

and the diabetes persisted. The other reported cases
of pentamidine-induced diabetes mellitus are AIDS
patients treated with pentamidine for P. carinii
pneumonia. There is only one case of non-insulin-
dependent diabetes mellitus caused by pentamidine
[1]. While this was the case with the shortest dura-
tion of therapy (9 days), the one with the longest
duration (21 days) was accompanied by severe pan-
creatitis [14]. These clinical observations support
the results of animal models in which the toxicity of
pentamidine on the B-cells of the pancreas ap-
peared time dependent, dose dependent, and irre-
versible [2, 3, 11]. Renal insufficiency has been
shown to increase toxicity, but liver damage does
not seem to affect toxicity of the drug [2]. A similar
effect was observed after the administration of
streptozotocin, alloxan, and certain rodenticides
[9]. Histological examination of the pancreas was
performed in one human who had developed dia-
betes mellitus after pentamidine treatment [14] and
in rats exposed to pentamidine [2, 11]. Morpholog-
ical changes differed from those found in the pan-
creas exposed to other toxic agents or in the pan-
creas of patients suffering from IDDM. The pan-
creas showed a decrease in B-cells and an increase
in A-cells without B-cell necrosis or lymphocytic
infiltration. There is no further information about
the exact mechanism of action of the drug’s damag-
ing potential to B-cells.

The case described here emphasizes the toxicity
of pentamidine to the pancreas. In this patient we
found a slowly increasing need of insulin over 1
year after pentamidine therapy which cannot be
explained by dietary failure. Although the drug is
known for its persisting and extremly high concen-
trations in almost all organs [10], it remains unclear
how pentamidine can cause an increase of need of
insulin even months after discontinuation of thera-
py. Further investigations must be performed to
ascertain the exact mechanism of action of pen-
tamidine‘s high toxicity.
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phospholipase A2 782

phospholipids 951

physical exercise 804

pituitary hormones 804

placebo 961

plasmocytoma 883

plasmodium falciparum 598

platelet 639,673

platelet aggregation 424

platelet-derived growth factor 639

plexus neuropathy, postvaccinal 399

plus maze 233

pneumocystis carinii pneumonia 111,
1027,1037

podagra 811

point mutations 240

polycystic ovary syndrome 853

polyendocrinopathy, autoimmune 494

polymerase chain reaction 240, 550, 898

polymorphism 240

polyneurophathy 822, 1060

polyposis coli, adenomatous 619

polysaccharide. nonstarch 742

postmenopause 502

potassium 175, 471

pravastatin 1065

prealbumin 1012

precarcinoconogens 240

precursor proteins 252

prediabetes 494

prednisolone 277

—exogenous 701

prednisone 462. 701

preeclampsia 799

preglucagon 127

pregnancy 794, 799

preproglucagon 127

preprotein receptors 252

primary cell culture 317

proenkephalin 925

prognosis 585

progressive systemic sclerosis 343. 541

prolactinoma 451

prostaglandin E 385

—renal 385

-E, 138

-E, 769

protein folding 252

protein kinase C 18

protein lipase 100

protein tyrosine kinases 713

proteinase inhibitor Z 404

proteinuria 462

prothrombin activation fragments 395

pseudohypoparathyroidism 341

psychological stress 804

publications. scientific 555

pulmonary capillary wedge pressure 465

pulmonary emboli 40

pulsatility index 609

radiotherapy 838

random migration 30

rat 775

@sprague-dawley 262

- spontaneously hypertensive 83

receptor, amiloride 695

- nicotinic 262

recombinant tissue-type plasmirogen
activator 465

rectoscopy 381

rectum 381

renal blood flow 685

renal cell carcinoma 337,619

renal disease 558. 708, 711



renal failure 522

- acute 609, 499

- dialysisdependent chronic 430

—end-stage 353,424,754

renal function 685, 703

renal insufficiency 277

renal microcirculatory function 682

renal microvasculature 682

renal stone disease 550

renal tubules 698

renin 177

renin control 687

reperfusion injury 719

residual volume 269

resistance 1015

- peripheral 60

resistive index 609

respiratory chain 359

respiratory quotient 568

respiratory tract 215

restenoses 673

restricting fragment length polymorphism
107, 453, 550, 898

retinal microangiopathic syndrome 288

retinoblastoma (gene) 619

retinoic acid 1086

rhabdomyolysis 77

rhabdomyosarcomas 150

rheumatoid arthritis 535

rheumatoid factor 535

ribosomes 251

ribozymes 737

Riedel’s struma 788

rifabutin 850

risk factor 240, 435

RNA tissue 156

RNA-1, Epstein-Barr virus encoded 883

rochalimaea 50

roxindol 451

salicylic acid 749

saline infusion 817

saline, isotonic 971

salivary duct stones 604
Salyut 168

sarafotoxin 88,213

sarcoma, embryonal 209

- undifferentiated 209
scintigraphy, somatostatin receptor 887
sclerotherapy 653,971
self-medication 74
seminoma 838

sengstaken 653
sensorimetry, quantitative
sepsis 18, 782

septal defect, ventricular 359
scptum, interventricular 462
seroconversion 122
serotonin 451, 541, 811
serum amyloid A protein 1007
sex hormone metabolism 751
shock 782

— wave treatment 604

- cardiogenic 465
sialolithiasis 604

sicca syndrome 822

signal transduction 353,713

silent ischemia 307

silibinin 794

singele-strand conformation
polymorphism 898

single-photon emission computed
tomography 731

Sjogren’s syndrome 822

skin disease, chronic inflammatory 400

sleep-wake cycle 315

small intestine 313

small nerve fiber function 822

smokers’ urine 190

smokers 269, 364, 804, 930

—habit 512

— passive 364

smooth muscle, vascular 992

SMS 201-995 669

sodium 172, 800, 817

— fluoride 1082

—reabsorption 722

somatostatin 127, 653, 669, 887

space flights, long-term 168

spinal cord 65

spinal muscular atrophy 882

spironolactone 695,979

spondarthritis, pustulopsoriatic
hyperostotic spondarthritis 4

spondyloarthropathies, seronegative 321

sports 399

squamous cell carcinoma 240

standarized mortality ratio 117

steroid biosynthesis inhibitors 481

steroid, cardiotonic 706

streptococcus mitis 922

streptococcus pneumoniae 1037

strictures 343

study, longitudinal 117

stunning 731

subarachnoid hemorrhage 302

suggestibility 512

sulfur dioxide 215

superoxide anion 18

superoxide dismutase 719

superoxide production 353

sural nerve 65

surgery thyroid 967

syncope 372

T cells 321
tachyarrhythmia 307
tachycardias, hypotensive 775
Taql RFLP 550
teicoplanin 922
terlypressin 653
testosterone 853

tetanus 399

tetralogy of fallot 359
thalamus 65

therapy, antibiotic 1015

— diuretic 985

— fibrionolytic 465

— immunosuppressive 749
—rehydration 167

— substitution 395
thiazides 692
thiobarbital 775

thioctic acid 794

thiocyanate 830
thiosulfate 830
thiourea 830
thrombectomy 40
thrombin activation 395
thromboembolic, prophylaxis 913
thrombomodulin 598
thrombosis 40, 465, 883
thromboxane 673
thymine 409

thyroid cysts 971
thyroid dysfunction 975

1097

thyroid-stimulating hormone 489, 971,

975
—releasing hormone 489
thyroxine 26, 967, 971, 975
tilt table 996
tobacco smoking 238, 930
tobramycin 1015
tramadol 76
trans-3"-hydroxycotinine 190
trans-activating factors 687
transferrin 1012
transforming growth factor 558, 713
transplant rejection 715
transplantation 715
—kidney 609
- liver 1007
—renal 1000
—renal cadaveric 719
transport, mucociliary 215
trauma 18
— multiple 843
tretinoin 1086
triamcinolone 100, 294, 502, 749, 944,
1065
trilodothyronine 26, 944, 971
trilostane 481
triton C-100 77
triton X-100 957
Trypsin 957
tuberculosis, pulmonary 107
tubular actions 690
tubuloglomerular feedback 682
tumor biology 156
—cachexy 127
—cell marker 337
— growth 127
tumor necrosis factor 18, 94, 225, 470,
472,525,711, 782, 843
tumor suppressor genes 619
—viruses 619
— gastrointestinal 525
- malignant bronchogenic 156

ultrasound 435, 585, 604, 609
—endorectal 381

—thyroid 967,971

uremia 353

ureter, human 213

urethra, human 55

uric acid 385, 1071
urolithiasis 725

- 2,8-dihydroxyadenine 550

vaccination 350
valvular heart disease 30



1098

variceal bleeding 653

vascular cell adhesion molecule-1 598

vascular disease 288

vascular system 85

vasculopathy, chronic transplant 719

vasoconstrictor 214

vasopressin 653, 698

ventricular fibrillation 307

ventricular pacing 775

very low densitiy lipoprotein 100, 294,
502, 568, 639, 944, 1065

vigilance 512

vitamin K 794

von Hippel-Lindau syndrome 619, 729

Waldenstroms macroglobulinemia 46
Walter reed classification 288

warts, genital 870

water 172

—channel-collecting duct 698
~channels 698

-D,,,0 830

~ transport 698

— total body 830

—tritiated 830

Wegener's granulomatosis 762
weightlessness 168

wild type pS3-activated fragment 619
Wilms’ tumor (gene) 619

Wilsons’s disease 134

X chromosome 728
xerophthalmia 822
xerostomia 822

zidovudine 111
zinc, urine 1012
zymosan activated plasma 30



