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Summary. In vivo and in vitro experiments have shown that
nicotinamide enhances the regeneration of rat B cells. Nico-
tinamide has been administered to human subjects at a dose
of 3 g/day for more than one year without any serious side ef-
fects. A trial was conducted to study if nicotinamide could
protect B cells in Type I (insulin-dependent) diabetic patients
with established diabetes, but still with residual insulin secre-
tion, the latter being evaluated throughout the study period. A
randomized double-blind study was carried out on 26 Type I
diabetic patients aged 15 to 40 years who had been treated
with insulin for 1 to 5 years but who had a residual insulin se-
cretion characterized by a glucagon stimulated C-peptide
level higher than 0.1 nmol/1. They were given either 3 g/day
of nicotinamide or a placebo for nine months. At baseline the
treated and control groups did not differ according to age,
diabetes duration, insulin dose, HbAy. or C-peptide levels.
Three patients dropped out of the study. At 9 months there
were no significant changes in the insulin doses required.
However, HbA. rose in the control group (8.1+0.4 vs

9.8 +0.5%, p<0.05) but not in the nicotinamide treated group
(7.5£0.5 vs 6.9£0.4%). Insulin secretion deteriorated in the
control patients (fasting C-peptide: 0.28+0.05 vs
0.12+0.03 nmol/l, p<0.05; post glucagon C-peptide:
0.34+£0.07 vs 0.14£0.02, p<0.05) but not in the treated pa-
tients (fasting C-peptide: 0.22+£0.04 vs 0.24+0.05 nmol/I;
post glucagon C-peptide: 0.30 + 0.04 vs 0.33 + 0.07). At six and
nine months, fasting and stimulated C-peptide were higher in
the treated than in the non-treated group. The C-peptide re-
sponse to a meal test gradually declined in the placebo group,
whereas it was stable in the nicotinamide treated group. No
serious side effects were noted; in particular, hepatic function
and plasma lipid content remained unchanged. These results
suggest that nicotinamide treatment may protect residual B-
cell function in Type1 diabetes; but further studies are
needed to assess the clinical implications of such treatment.
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The natural course of Typel (insulin-dependent)
diabetes is characterized by a progressive destruction of
insulin-secreting cells resulting from an autoimmune
disorder [1]. Possibly this process of destruction could
be halted either by stimulating regeneration of B cells
or, by increasing their resistance. Animal experiments
have demonstrated that in high doses nicotinamide (N),
an inhibitor of poly (ADP - ribose) synthetase not only
prevents the induction of diabetes by streptozotocin [2]
but also favours the regeneration of B cells in partially
pancreatectomized rats [3]. It slows or stops diabetes in-
duced by immune processes i.e. diabetes in NOD mice
[4] or insulitis-related diabetes induced by multiple low
dose administration of streptozotocin [5] and inhibits
rejection of islet cell grafts in NOD mice [6]. N or its
precursor, nicotinic acid, have been administered to hu-
mans at relatively high doses (3 g/day or more) for pro-

longed periods of more than one year in attempts to im-
prove schizophrenia [7, 8], slow the progression of
coronary artery disease [9] or treat annular granuloma
[10] and no serious adverse effects have been reported.
We have previously prescribed 3 g of N to newly diag-
nosed Type 1 diabetic patients for periods of up to
18 months and observed that remissions in these pa-

‘tients were more frequent and longer than in patients re-

ceiving a placebo [11]. Spontaneous partial recovery of
insulin secretion as assessed by C-peptide level is com-
mon in diabetic patients at the start of insulin treatment
[12, 13] however, thus making it difficult to assert any
therapeutic effect. However, 6 months after the clinical
onset of the disease the insulin secretory capacity de-
creases regularly [14-16]. The purpose of this double
blind controlled study was to determine the effect of
oral nicotinamide on residual insulin secretion in
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Fig.1. Basal (hatched columns) and glucagon stimulated (open col-
umns) in the nicotinamide and the placebo treated groups at entry 3,
6 and 9 months. Vertical bars indicate S. E.M.; Asterisks denote signi-
ficance at the 0.05 level between arrows

Type 1 diabetic patients after the honeymoon period. If
a protective effect could be demonstrated, the use of N
in combination with, or following the use of immuno-
suppressive agents could be envisaged.

Patients and methods

Inclusion criteria

In order to select Type 1 diabetic patients, after their transient honey-
moon period but still with some residual insulin secretion, the follow-
ing inclusion criteria were selected:

* unequivocally confirmed Type 1 diabetes (presentation at diagnosis
including loss of weight, polyuria, gross ketonuria and hypergly-
caemia and evident need for insulin therapy) diagnosed between the
ages of 15 and 40 years;

 insulin treatment lasting 1 to 5 years;

* residual insulin secretion as demonstrated by C-peptide level higher
than 0.1 nmol/1 5 min after iv injection of 1 mg of glucagon;

® no history of hepatitis.

Table 1. Baseline characteristic of the patients used in the study

Nicotinamide Placebo
group group
Number 1 12
Male/female 9/2 8/4
HLA DR 3 and/or 4 8 8
Age (years) 298+7.3 26.8+6.2
range 25-38 18-39
Diabetes duration (months) 28.2+14 25.8+10.3
range 12-49 15-57
Body mass index (kg/m?) 212+1.7 21819
Insulin dose (1IU/day) 34+16.9 342+17.4
HbA 1% 7.51+1.6 8.08+1.3
Fasting C-Peptide (nmol/1) 0.22+0.12 0.28+0.15
Glucagon stimulated C-peptide 030+0.16 0.34+0.2

Values are mean +S.D.
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All patients were regularly followed in our department, treated by two
insulin injections per day and gave their informed consent. Children
under the age of 15 were excluded because they could not give a per-
sonal informed consent. The study protocol was approved by the
Ethics Commiittee of the Marseille Medical School.

Experimental protocol

In addition to the usual insulin treatment consisting of two daily injec-
tions of intermediate acting insulin (or a combination of regular and
intermediate insulin), and no other medication, patients were ran-
domly allocated to treatment by two 0.5 g nicotinamide or placebo
tablets three times per day (3 g) Astra-France Laboratoire, Nanterre,
France) and the follow-up was double blind. The patients measured
their capillary glycaemia twice a day before injection and 5 times a
day at least once a week and were advised to use the lowest insulin
dose necessary to maintain proper glycaemic control. Check-ups were
scheduled every three months or more often if necessary. Compliance
was ascertained by examination of the pills remaining in the bottle at
each visit.

At zero, three, six and nine months, the following parameters were
measured in addition to clinical examination: HbA1., glycaemia and
C-peptide before, then 5 and 10 min after, i.v. injection of 1 mg of glu-
cagon. Liver function and lipid levels were also investigated. The day
after these tests C-peptide was measured before, then 30, 60, 90, and

120 min after a standard breakfast test comprising 500 kcal made up

of 53% carbohydrate, 29% lipid and 18% protid. The morning s.c.
insulin injection was given 5 min before breakfast.

Laboratory data

Plasma glucose was measured by the glucose oxydase method in a
Technicon autoanalyser, HbAj; by chromatography on a cation ex-
change resin at 23°C (Biorad, Hercules, Calif, USA), and plasma C-
peptide by radioimmunoassay according to Kaneko [17] and using a
commercially available kit (BYK Mallinkrodt, Evry, France). Sera
were not extracted before assaying C-peptide because they contained
negligible amounts of insulin (pro-insulin) antibodies has estimated
by the binding of 2°I (Tyr-A14) insulin (Novo, Bagsvaerd, Denmark).
In fact, all the patients had always been treated by monocomponent
insulin. In our laboratory the lower limit of sensitivity is 0.03 nm/1;
the inter-assay variation coefficient 4.8%, and the intra-assay variation
coefficient 3.1%. HLA DR antigens were determined by standard
lymphocytotoxicity method and islet cell antibodies (ICA) by indirect
immunofluorescence on unfized human pancreas. Plasma lipid and
hepatic function tests were assessed by routine techniques in the same
laboratory throughout the study.

Statistical analysis

As the sample size was small, and the data not normally distributed,
two-tailed, non-parametric Wilcoxon signed rank test for paired data
was used for intragroup comparison, and two-tailed Mann Whitney
test for comparison between groups. A p value lower than 0.05 was
considered as statistically significant.

Results

Twenty-six patients entered this study. Two patients in
the nicotinamide group and one in the placebo group,
dropped out for different reasons, i.e. wish for preg-
nancy, relocation, and recurrent diarrhoea. At baseline
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(Table 1) the two groups did not differ with regard to
clinical findings, control of diabetes, insulin dose, and
fasting or stimulated (glucagon or meal) C-peptide
levels. At the time of entry into the study, i.e. an average
of two years after diagnosis of diabetes, islet cell anti-
bodies persisted in 40% (9/23) of the patients equally in
the two groups. ICA determinations at the time of diag-
nosis of diabetes were available for 16 patients only and
positive in 11.

The mean body mass index (kg/m?) did not vary
during the study in either group; it was 21.2 and 21.4 at
the beginning and end respectively in the nicotinamide
group and 21.5 and 21.7 in the placebo group. No
change in HbA;; values was observed in the nicotin-
amide group. In the placebo group HbA, values were
higher at 6 and 9 months (Table 2) and this difference
was significantly different on both occasions (p<0.05).
The mean of the two fasting glycaemia measurements
performed before the glucagon test and the breakfast
test every three months did not change significantly
during the study period. The insulin dose level showed
a downward tendency in the nicotinamide group and
an upward tendency in the placebo group but the dif-
ference was not statistically significant at any time dur-
ing the study (Table 2).

Figure 1 shows the fasting and glucagon-stimulated
C-peptide values recorded in the two patient groups.
No significant change in these values was observed in
the nicotinamide group in the 9 months of study. Con-
versely, in the placebo group, both fasting and stimu-
lated C-peptide values declined gradually. (Fig.1,
right). Compared to baseline values, basal C-peptide
was lower at six months (p=0.02) and at 9 months
(p=0.01). The same was observed for glucagon stimu-
lated C-peptide at 6 (p=0.03) and 9 months (p=0.01).
When the treated and placebo groups were compared
both basal and stimulated C-peptide differed signifi-
cantly at 6 months (p=0.05 and 0.03 respectively) and
at 9 months (p=0.02 and 0.03 respectively). Individual
C-peptide values are shown in Figure 2. Regardless of
its initial level, C-peptide dropped steadily in the
placebo group. However, this parameter remained
stable in the nicotinamide group. This stability does
not seem to depend on the initial C-peptide level. Simi-
larly, the C-peptide response to the test meal persisted
throughout the study in patients treated with
nicotinamide, whereas this response gradually faded in
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Fig.2. Individual values of basal and glucagon stimulated C-peptide
levels in the nicotinamide and placebo treated groups during the fol-
low up

patients given the placebo. The difference between the
two groups was significant at the sixth and ninth
months (Fig.3). It must be pointed out that plasma glu-
cose both fasting and after the meal was similar be-
tween the two groups.

As far as side effects are concerned, headaches
were recorded twice, once in each group, and
weariness three times (twice in the nicotinamide
group). These symptoms did not require discontinua-
tion of treatment. One patient in the nicotinamide
group suffered recurrent diarrhoea and had to be
dropped from the study after 5 months. Liver function
was normal at baseline and remained so throughout
the study. Normal levels were also recorded for plasma
lipid and apoprotein A1 and B. Another noteworthy
finding is that total cholesterol did not decrease. The
plasma levels of uric acid and creatinine did not
change.

Table 2. Plasma glucose, HbA1. and insulin dose (Mean £ S.E.M.) at entry, and at 3, 6 and 9 months in the two treatment groups

Nicotinamide group

Placebo group

0 3 6 9 0 3 6 9
Plasma glucose mmol/1° 73x1 8.1+1.6 7.8+£0.6 73t14 8.1+12 83+14 8.7+13 9.0t1
HbA;% 7.5+£04 7.5+0.5 7.240.5° 6.9+0.4° 8.1+£04 7.8+04 9.3+0.6% 9.8+0.6%
Insulin dose IU/day 34 x5 30845 30.8+4.3 313+4 342+5 346143 37.5+4 38 3.7

a Denotes significant difference at the 5% level with baseline value in the same group;
b Denotes significant difference at the 5% level with the placebo group at the same period of follow up;
¢ Mean of the two values recorded before the glucagon and the breakfast tests on two consecutive days
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Fig.3. Mean (+SEM) values of C-peptide level during the breakfast
test at entry, 3, 6 and 9 months in the nicotinamide (straight line) and
the placebo (dotted line) groups. Asterisks denote significance at the
0.05 level

Discussion

The patients studied here presented with unequivocal
insulin dependency of abrupt onset. The prevalence of
HLA DR3 and/or 4 antigen was similar to that ob-
served among Type1 diabetic patients in our geo-
graphical area [13]. On an average of two years after di-
agnosis ICA were persisting among 40% of the patients
a percentage similar to that reported by Irvine et al. [18].
They may be considered as classic Type I diabetic pa-
tients. However, their mean age may appear rather high.
This is probably due to the facts that children were ex-
cluded and that the selection was made on the presence
of stimulated C-peptide level higher than 0.1 nmol/], a
feature more frequently observed after 1 to 2 years of
diabetes in adults than in adolescents [16, 19].

A gradual decrease in the C-peptide levels of the
Type I diabetic patients receiving the placebo was re-
corded over the 9 month follow-up. This finding was in
agreement with the values observed in a recent cross
sectional study [16]. Conversely in nicotinamide-
treated patients fasting, or glucagon-stimulated, C-pep-
tide levels were constant over the 9 month period.
There is no reason to suggest that this stability could be
attributed to a decrease in C-peptide metabolic clear-
ance. Indeed, kidney function as judged by the plasma
creatinine level, was unaltered. More importantly, an
increase in C-peptide reading recorded 5 min after the
glucagon injection can only be accounted for by an in-
crease in secretion and not by an extended plasma
half-life. At 6 and 9 months, diabetic patients treated
with nicotinamide were better controlled than those re-
ceiving the placebo and a recovery of residual insulin
secretion has been shown to occur when diabetes is
well controlled. However, since this recovery lasts only
a few days [20], it cannot account for the differences
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observed between the two groups in the present study.
Thus, it is reasonable to assume that the stable C-pep-
tide levels noted here are due to a preservation of re-
sidual insulin secretion resulting from nicotinamide
treatment. It must be pointed out, however, that the pa-
tients studied were adults. It has been shown that on
average, the lower the age of diabetes onset, the faster
the loss of C-peptide secretion [21]. Therefore, these re-
sults cannot be applied to diabetic children in whom
the B-cell destruction is probably more rapid. We re-
corded a similar finding, i.e. preservation of C-peptide
secretion (and consequently a prolonged remission) in
a study of newly diagnosed Type 1 diabetic patients
treated with the same doses of nicotinamide [11]. In
case reports involving patients treated with large doses
of nicotinamide, generally for dermatologic disorders,
various effects on diabetes have been described. In one
case, insulin requirement decreased from 72 to 55 IU
per day and in another, the glycaemia level increased
to 26 mmol/1 and returned to normal when the treat-
ment was discontinued [22].

Our results are in agreement with the results of ani-
mal studies. It has been shown that treatment with nico-
tinamide prevents the induction of toxic diabetes by
streptozotocin in the rat [2]. This finding has since been
widely corroborated [23]. It must, however, be pointed
out that in two accidental human poisonings with Vacor
(a rodenticide), which is structurally related to strepto-
zotocin, treatment with nicotinamide at a dose of
2 g/day beginning at 9 and 14 h after exposure, failed to
prevent diabetes [24]. Large doses of nicotinamide
(0.5 g/kg) stopped streptozotocin-induced insulitis [5]
and the development of diabetes (and insulitis) in the
NOD mice when given before the time when diabetes
usually occurs [4]. Finally in the 90% pancreatectomized
rat nicotinamide treatment (0.5 g-kg~!-day—1) greatly
improved diabetic symptoms and induced a B-cell re-
generation as shown by markedly enlarged islets com-
prising mainly of B cells [3].

On the whole these results strongly suggest that
nicotinamide helps B cells ward off toxic or lymphocyte
attacks and promotes regeneration of B cells. Several
explanations have been proposed to account for this ef-
fect in animals. In Okamoto’s model [25] various agents
such as streptozotocin or alloxan or immune aggression
can cause DNA strand breaks in B cells. This anomaly
activates poly (ADP-ribose) synthetase which leads to
consumption of NAD and thus, depletion of the islet
NAD. This deficiency results in an inhibition of protein
synthesis including proinsulin [26] and cell necrosis. In
effect, the B cell seems to be self-destructive in a sui-
cidal attempt to repair the damaged DNA. Thus, poly
(ADP-ribose) synthetase inhibitor can have prophylac-
tic effect by blocking NAD consumption so as to pre-
vent cell necrosis.

Another important animal study finding is that nico-
tinamide stimulated DNA synthesis in cultured murine
islet cells [27]. This observation is pertinent to the induc-
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tion of proliferation of intact B cells in 90% pancreatec-
tomized rats [3]. It has been suggested that poly (ADP-
ribose) synthetase may play a regulatory role in restrict-
ing B cell replication with a relief of inhibition being
provided by the enzyme inhibitors [25].

In our study patients treated with nicotinamide were
better controlled than those receiving the placebo with
the same or lower doses of insulin. It is likely that this
greater efficiency resulted from a preservation of in-
sulin secretion which has been shown to be beneficial
for diabetes control and stability [28, 29].

We did not observe any significant side effects.
Since nicotinamide and nicotinic acid have been used in
the treatment of schizophrenia, psychiatric literature is
a good source of information concerning the side ef-
fects of these drugs. In two series including 315 and
982 patients treated with doses ranging from 3 to 12 g
daily, only rashes, vomiting and headaches were noted.
No cutaneous reaction was observed. The incidence of
liver toxicity is very low: one case out of 6,000, reported
at 4 meeting of the American Schizophrenia Founda-
tion [8]. However, Winter and Boyer [30] reported a 35-
year-old schizophrenic man who developed reproduc-
ible and reversible hepatic toxicity following a daily
dose of 9 g of nicotinamide. We did not observe any
change in liver function test data. Moreover, among the
1, 119 subjects who received 3 g nicotinic acid daily for
5 years or more in the Coronary Drug Project [9], only a
slight elevation of serum GOT and alkaline phospha-
tase were noted. Thus, nicotinamide at a dose of
3 g/day would appear to be reasonably safe although
regular liver function testing is advisable.

The lipid lowering effect of nicotinic acid is well
known. At a dose of 3 g daily it reduces plasma choles-
terol and triglyceride levels by 10% and 19% respective-
ly [9]. Nicotinamide does not appear to have the same
effect since we observed no change in lipid levels in our
patients.

Since combined administration of streptozotocin or
alloxan and nicotinamide reportedly induces islet cell
tumours in rats [31], the possibility that nicotinamide is
carcinogenic must also be considered. When adminis-
tered alone, i.e. without nicotinamide, both streptozo-
tocin and alloxan may cause B cell cancer [31]. Al-
though this effect is potentiated by nicotinamide, no
evidence has been found to suggest that nicotinamide
treatment alone is an oncogenic agent in animals, even
NOD mice (Okamoto, personal communication). Thus,
nicotinamide may be considered as a cocarcinogen with
other agents but not as a carcinogen by itself. Human
Type 1 diabetes is not associated with islet cell tumours.
Fewer than ten cases of islet cell tumours have been re-
ported in documented Type 1 diabetic patients. Thus,
the various environmental factors underlying the
pathogenesis of Type 1 diabetic patients do not seem to
have B-cell oncogenicity. There is therefore no argu-
ment to prohibit the careful trial use of nicotinamide in
Type 1 diabetic patients.
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Nicotinamide seems to have a protective effect on
residual insulin secretion in Type 1 diabetic patients.
Such a treatment is apparently devoid of serious side ef-
fects. Therefore, it is possible to think that nicotinamide
or related substances may have a place in association
with other therapeutic agents in preventing diabetes in
predisposed subjects, to facilitate induction of re-
mission in newly diagnosed diabetes or to preserve a re-
sidual insulin secretion which is known to be a factor
improving diabetes control. Future trials may help to
answer these questions.
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