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The Effect of Pertussis Vaccine and Cyclosporin on
Streptozotocin Induced Diabetic Rats

Duk Hi Kim

The injection of streptozotocin (stz) at a high dose (60 mg/kg) into young male rats produces direct beta
cell destruction and leads to insulin dependent diabetes (IDD). In contrast, the injection of multiple smal doses
of stz (40 mg/Kg/d for 5 days) produce IDD, which resembles type I diabetes in man. The provocative effects
of the pertussis vaccine (PV) and cyclosporin (CA) against the development of IDD induced by stz were studied.
When PV in a dose of 3.75x10" microorganism was administered to single or multiple stz treated rats,
hyperglycemia still developed and persisted during the experiment. No difference was noted in blood glucose
levels, but plasma insulin levels were higher in PV treated rats. When CA (10 mg/Kg) was administered daily
to single or multiple stz treated rats, hyperglycemia seemed to be lower, but this was not statistically significant,
however, plasma insulin levels were higher in CA treated rats. The results of this expenment suggest that PV
and CA prowde some protection to the beta cells of the pancreas.
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Streptozotocin (stz) is a broad spectrum agent
possessing antitumor, oncogenic and diabetogenic
properties, This last activity is mediated by pancreatic
beta cell destruction and is widely used as a method
for inducing diabetes in experimental animals (Lide &
Rossini 1976). When a single, sublethal, high dose of
stz was administered to susceptible animals, rapid
destruction of the islet beta cells ensued, followed
almost immediately by profound and permanent
hyperglycemia (Junod et al. 1969).

In contrast, the administration of multiple small
does of stz caused pancreatic insulitis associated with
the induction of endogenous type C viruse in beta
cells, and produced a permanent form of insulin
dependent diabetes in experimental animals (Like &
Rossini 1967)

The administration of multiple small doses of stz
induces the triad of direct beta cell cytotoxicity, virus
induction within beta cells and cell mediated autoim-
mune reaction (Rossini et al. 1977).

Thus, this stz-induced diabetes has become an in-
creasingly useful model with which to study the
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pathogenesis of insulin dependent diabetes because
it resembles many of the biochemical, immunologic
and histologic changes reported in recent onset in-
sulin dependent diabets in man (Like & Rossini 1976;
Huang & Taylor 1981)

it provides an opportunity for the study of interven-
tion at the early stages of diabetes which invariably
carry a high frequency of complications in spite of in-
sulin treatment. Several agents such as diazoxide, an-
tilymphocyte antiserum, nicotinamide, adrenergic
blockers, hydrocortisone can produce protection from
diabetes induced by stz. (Cubert et al. 1974; Iwat-
suka et al. 1974; Sumi and Ui 1975; Katada and Ui
1977).

Pertussis vaccine (PV) also has an immunosup-
pressive effect and curtails stz induced diabetes
(Katada and Ui 1977). Recently cyclosporin (CA) was
found to be effective in suppressing the T cell
response (Borel 1976; Wiesinger and Borel 1979).

In this study PV and CA were administered to stz
treated rats and their protective effects against the
development of insulin dependent diabetes were
observed.

MATERIALS AND METHODS

A total 140 Sprague-Dawley male rats each
weighing 100-150 gm were used. They were divided
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into groups as follows. .
Experiment | : single high dose of stz (60 mg/Kg)
Group 1 : control (n=10)
2 : stz (n=20)
3 : stz+pv (n=20)
4 : stz+cA (n=20)

Experiment Il : multiple small doses of stz (40

mg/Kg/day, for 5 days)
Group 1 : control (n=10)
2 : stz (n=20)
3 : stz+pv  (n=20)
4 : stz+cA (n=20)

Experiment | : Streptozotocin (Sigma No $-01310,
60 mg/Kg), freshly dissolved in
citrated buffer (pH 4.5, 0.1 mol/?)
was injected intraperitoneally (IP)
into group 2 nonfasting rats. The
animals in group 3 were given the
pertussis vaccine (DS Co) in-
traperitoneally (IP) in a dose of
0.25 ml containing approximately
3.75x10" organisms, on the same
day. PV was then administered
weekly during the experiment.
Cyclosporin (Sandimmun®, 10
mg/Kg), diluted in normal saline,
was injected intraperitoneally daily
into the group 4 rats during the
experiment.

Experiment Il : Streptozotocin (40 mg/Kg) was in-
jected intraperitoneally daily for
5 days by the same method as
in experiment I. In groups 3 and
4, PV and CA were injected
respectively as in experiment |.
Weekly blood samples were taken

from tail vein, and the whole
blood glucose level was tested
with glucoscot. Urine glucose and
ketone were checked with clinistix
and ketostix respectively each

~week. Plasma insulin levels were
evaluated by radioimmunoassay at
3 days, 7 days, 4 weeks and 8
weeks of the experimment.

RESULTS

Fig. 1 illustrates the time course of blood glucose
levels of rats injected with a single dose of stz (60
mg/Kg) and with pv and cA in experiment |. Hypergly-
cemia was defined as a blood glucose level of greater
than 200 mg% (Huang et al. 1984).

Blood glucose levels were higher in the stz treated
experimental groups than in the controls (P<0.05).

Group 2 which received stz only developed
hyperglycemia within 7 days, and it persisted for 8
weeks. Glycosuria was noted 7 days after stz injec-
tion. Group 3 which received stz and pv simultaneous-
ly developed hyperglycemia 7 days after injection, and
it persisted for 8 weeks. The degree of hyperglycemia
did not differ from that of group 2.

Group 4 which received stz and cA simultaneously
developed hyperglycemia 7 days after injection, and
it persisted for 8 weeks. The degree of hyperglycemia
seemed to be lower but there was no statistical
significance (P>0.05). No ketonuria developed during
experiment | (Table 1).

The blood glucose and insulin values of experiment
| are presented in Table 2. Group 2, stz only,
developed hypoinsulinemia (21.1 uU/ml) 4 weeks after

Table 1. Blood glucose levels (mg%) of experiment I.

Mean Glucose Level (mg%) + SE

Time
Group 1 Group 2 Group 3 Group 4

3 days 83.4+20 195.0+22.4 175.8+10.9 198.0+27.7
1 week 80.8+2.5 271.8+51.2 232.8+34.3 218.8+29.9
2 week 86.0+7.1 269.0+36.1 242.4+17.0 239.2+24.3
3 week 78.8+1.5 288.6+34.5 247.8+44.4 213.2+221
4 week 73.8+5.2 269.4+ 7.0 266.8+ 6.2 233.4+20.5
5 week 87.4+7.8 298.2+31.6 348.2+37.4 281.4+42.5
6 week 82.4+6.2 301.4+37.2 317.6+32.3 234.8+21.2
7 week 80.4+3.3 385.8+32.8 306.8+16.5 237.8+£12.6
8 week 81.8+8.2 391.6+24.9 437.4+45.4 370.8+26.7
Stz: Streptozotocin PV: pertussis Vacine CA: Cyclosporin A
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Fig. 2. The sequential changes of blood glucose levels in experiment Il.
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Table 2. The sequential changes in blood glucose, insulin & urine glucose in experiment |

Mean=SE
Time after stz injection Croup 1 Group 2 - Grpup 3 Group 4
/mmcose (mg%) 84.2+2.8 195.0+22.4 175.8+10.9 198.0+27.7
nsulin (uU/ml), 27.7+1.8 249+ 1.2 23.8+ 1.8 279+ 1.5*
3 days
Urine glucose - - - -
Ketone - - - -
Blood " glucose (mgk) 83.4+3.9 271.8+51.2 232.8+34.3 218.8+29.9
tnsulin (uU/ml) 24.8+1.7 297+ 1.4 31.4+ 1.8 36.2+ 1.4*
7 days ’
Urine glucose B - + ‘ - _
Ketone - - - -
Blood glucose (mg%) 73.8+5.2 269.4+ 7.0 ~ 266.8+ 6.2 233.4x20.5
Insulin (uU/ml) 28.7+1.6 211+ 1.8 246+ 2.5 15.2+ 1.8
4 weeks
Urine glucose . - + ‘ _ _
Ketone . - - - -
Blood glucose (mg%) 81.8+8.2 391.6+24.9 437.4+45.4 370.8+26.7
Insulin (UU/mi) 27.9+1.8 "13.9+ 1.4 *21.8+ 14 144t 1.5
8 weeks -
Urine glucose - ++ - -
Ketone - - - -
* p<0.05 as compared with Group 2
stz:streptozotocin pv: pertussis vaccine cA: cyclosporin A
Table 3. Blood glucose levels (mg%) in experiment Il
) Mean Glucose Level (mg%) + SE
Time
Group 1 Group 2 Grpup 3 Group 4
3 days i 84.2+2.8 238.8+x12.5 226.8+26.1 221.6+18.4
1st week 83.4+£3.9 281.6+68.5 328.0+36.4 290.0+28.1
2nd week 86.0+7.1 354.0+46.2 343.8+37.7 290.6+21.8
3rd week 78.8+£1.5 353.2+27.0 353.0+32.3 290.4+33.2
4th week 73.8£5.2 334.2+12.4 380.8+ 6.8 295.4+43.7
5th week 87.4+7.8 372.8+24.1 360.6+25.3 390.8+25.0
6th week 82.4+6.2 331.2+28.7 462.0+£27.6 451.0+£25.1
7th week 80.4+3.3 396.8+18.9 406.4+31.0 383.4+£23.9
8th week 81.8+8.2 403.0+£29.1 412.4+20.9 365.4+14.3
stz : Streptozotocin
pv : pertussis vaccine
cA: cyclosporin A.
the single injection of stz. Group 4, stz and cA retained relatively higher in-
Group 3, stz and pv, retained relatively higher in- sulin values at 3 days and 7 days as compared with
sulin values at 8 weeks as compared with the stz on- the only treated group (P<0.05).
ly group (P<0.05). Fig. 2 shows serial blood glucose levels of rats in
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Table 4. The sequential changes in blood glucose, insulin & urine glucose in experiment I}

The blood glucose level in the stz treated ex-
perimental group was much higher than that of the
control (P<0.05), and the degree of hyperglycemia in
experiment |l appeared to be greater than that in ex-
periment | (P<0.05). The blood glucose levels of
groups 2, 3 and 4 were increased to the
hyperglycemic level by day 3 after stz injection and
persisted during the experiment. There were no signifi-
cant differences among roups 2, 3 and 4 (Table 3).
Ketonuria did not develop in any group. Glycosuria
was noted in each group one week after the experi-
ment began. The blood glucose and insulin values of
experiment Il are presented in Table 4.

Group 2 with stz only developed hypoinsulinemia
(13.3 uU/ml) 4 weeks after receiving multiple small
doses of stz.

Group 3 with stz and pv retained relatively higher
insulin levels at 3 days, | week and 4 weeks as com-
pared with group 2 (P<0.05).

Group 4 with stz and cA retained relatively higher
insulin levels by 8 weeks as compared with group 2
(P<0.05).

Number 2

Time after stz injection Group 1 Group 2 Group 3 Group 4
Blood glucose (mg%) 84.242.8 238.8+12.5 226.8+26.1 198.0+27.7
Insulin (UU/ml) 27.7+1.8 239+ 1.2 *391+ 1.8 234+ 1.8
3 days
Urine glucose - - - _
Ketone - - - -
Blood glucose (mg%) 83.4+3.9 281.6+68.5 328.0+36.4 290.0+28.1
Insulin (uU/ml) 24.8+1.7 238+ 14 *36.9+ 1.4 - 189+ 2.7
7 days
Urine glucose - ++ ++ ++
Ketone - - - -
Blood glucose (mg%) 73.8+5.2 334.2+12.4 380.8+ 6.8 295.4+43.7
Insulin (uU/ml) 28.7+1.6 13.3+ 1.5 *16.2+ 1.8 15.8+ 1.6
4 weeks
Urine glucose - ++ + -
Ketone - - - 1
Blood glucose (mg%) 81.8+8.2 402.0+29.7 412.2+20.9 365.4+14.3
Insulin (uU/ml) 27.9+1.8 101+ 1.3 114+ 2.8 *14.4+ 1.8
8 weeks
Urine glucose - +++ +++ ++
Insulin - - - -
* p<0.05 as compared with Group 2
stz:streptozotocin pv: pertussis vaccine cA: cyclosporin A
experiment | with multiple subdiabetogenic doses of
stz (40 mg/Kg/d, 5 days) and with pv and cA. DISCUSSION

Streptozotocin is an N-nitroso derivative of D-
glucosamine, and is a relatively selective beta cytotox-
in in certain animal species, causing an initial triphasic
glucose response and then permanent diabetes {Junod
et al. 1969).

The glucose component of stz enhances its uptake
into the beta cells where the cytotoxicity of the
nitrosourea moiety can be concentrated. Within the
beta cells stz is believed to reduce the levle of nicotine
adenine dinucleotide (NAD) by both decreasing its
synthesis and increasing its breakdown (Gunnarson
et al. 1974).

The diabetogenic activity of stz depends on the
dose (Junod et al. 1969; Ganda et al. 1976).

Diabetes induced by a small dose of stz is so mild
that an ovemight fast results in normoglycemia despite
an impaired glucose tolerance. )

When the dose of stz is further increased, a more
severe diabetes developes with a marked hyper-
glycemia even after prolonged fasting.

Abnormal glucose tolerance and insulin response
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are seen when pancreatic immunoreactive insulin (IRI)
is depleted by about one-third, while fasting hyper-
glycemia and gross glycosuria occurs when the deple-
tion has reached two thirds and three-guarters,
respectively (Junod et al. 1969).

No significant hyperglycemia developed with a
dose of 10 to 20 mg/Kg. Diabetogenic activity was in-
duced by doses of 25 to 100 mg/Kg. The ideal dose
of stz for experimental diabetes is 60 mg/Kg in a single
administration (Ganda et al. 1976). With an in-
travenous injection of 65 mg/Kg, the diabetic state
becomes evident after 24 hours, characterized by
polyuria, glycosuria and hyperglycemia (Tancrede et
al. 1983).

Hyperglycemia developed 2 days after a 60 mg/Kg
stz of intravenous (IV) injection (Eizirik and Migliorini
1984).

In contrast, hyperglycemia occurred 4-6 weeks
after an intraperitoneal (IP) injection of 60 mg/Kg stz
(Huang et al. 1984).

In this experiment, the blood glucose level increas-
ed to 195 mg% at 3 days, and hyperglycemia
developed 7 days after an IP injection of stz (60
mg/Kg). The fasting glucose levels were significantly
elevated 1 week after a dose of >55 mg/Kg and 16
weeks after a dose of 245 mg/Kg. The basal insulin
levels were significantly decreased after 1 week with
the 265 mg/Kg doses, after 4 weeks with the >55
mg/Kg and after 16 weeks with the >35 mg/Kg doses
(Tancrede et al. 1983).

Histopathologically beta cell necrosis and de-
granulation of the surviving beta cells is usually observ-
ed 3 days after a single IP injection of stz (Rerup 1970;
Ganda et al. 1976).

The administration of five multiple subdiabetogenic
doses (40 mg/Kg) to mice IP produces hyperglycemia
after the 4th dose of stz and continues to increase
the blood glucose level to 350-450 mg/100 ml within
5-6 days after the last injection (Like and Rossini 1976).

On the day after last stz injection, the nonfasting
blood glucose is elevated as is the fasting blood
glucose 7 days after the last stz injection (Bonnevie-
Nielsen et al. 1981). In this experiment, nonfasting
hyperglycemia occurred 3 days after the administra-
tion of stz and continued to rise to progressively
higher levels.

The nonfasting blood glucose level correlates beta
cell function better than the fasting level (Bonnevie-
Nielsen et al. 1981).

Morphologically, the pancreatic islets reveal pro-
nounced insulitis with infiltrating lymphocytes and
macrophages, architectual distortion and beta cell
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necrosis. There are numerous type C viruses within
the surviving beta cells within 6 days of the last stz
injection.

The delayed development of insulitis and the
nature of the inflammatory infiltrates suggest a cell
mediated immune reaction (Like & Rossini 1976). The
insulitis is a consequence of beta cell destruction
rather than its cause (Leiter et al. 1983).

The multiple injections of stz induce the triad of
direct beta cell cytotoxicity, virus induction within beta
cells and cell mediated autoimmune reaction (Rossini
et al. 1977).

Mice, given a single injection of stz, 200 mg/Kg,
develops hyperglycemia within 24 hours with com-
plete destruction of beta cells.

In contrast, mice given five daily injections of stz,
40 mg/Kg, develop hyperglycemia only after a latent
period of 5 days.

After the latent period, there is a progressive in-
crease in the blood glucose concentration and in the
infiltration of the islets by lymphocytes (Like and
Rossini 1976).

It has been suggested by several investigators that
the induction of diabetes by multiple injections of low
doses of stz may be due to an immunologic process
on the basis of the following observations (1)
hyperglycemia occurred after a latent period, (2)
diabetes cannot be induced by this procedure in
athymic nude mice and induced by a thymus graft,
(3) diabetes can be transferred to normal mice with
spleen cells from mice rendered diabetic by this pro-
cedure (Paik et al. 1980; Buschard and Rygaard 1977).

T lymphocytes play a crucial role in the induction
of hyperglycemia after repeated low doses of stz. Two
possible roles for T lymphocytes in the induction of
hyperglycemia should be considered. First, T cells may
develop into cytotoxic cells that are specifically reac-
tive with pancreatic beta cells.

Second, T cells may be required as helper cells for
the production of autoantibodies specific for beta cells
(Kim and Steinberg 1984).

3-0-methyl D-glucose, a nonmetabolizable glucose
analoque, given before each stz injection, provides
protection against beta cell destruction and hyper-
glycemia. It is suggested that the sugar may interfere
with a possible direct beta cell cytotoxic effect of stz
(Rossini et al. 1978). ‘

Antilymphocyte sera is effective in preventing this
form of diabetes, thus supporting the assertion that
immunocytes participate in the development of the
disease (Rossini et al. 1978).

The blood insulin level is increased by injection of
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the Bordetella pertussis vaccine, which stimulates
adrenergic beta receptors (Sumi and Ui 1975). It was
reported that PV appears to curtail stz-induced
diabetes (Katada and Ui 1977). When PV is admin-
istered either IP or IV 3 days prior to stz injection, none
of the vaccinated group developed diabetes.

The protective effect is evidenced by normogly-
cemia, normal insulin values and the absence of in-
sulitis in vaccinated rats (Huang et al. 1982).

The diabetogenic effect of PV against stz is quite
extensive. If the vaccine is given from-10 days to +4
days relative to the day of stz injection, the outcome
of the protective effect is identical. If the PV is given
30 days after stz injection, two-thirds of the mice will
still revert to normoglycemia after booster injection
(Huang et al. 1984).

In the multiple stz treated group, the protective
effect against the development of hyperglycemia is
less complete. After numerous booster injections, the
outcome is somewhat improved but is significantly
less effective as compared with the results of the single
stz treated group (Huang 1984).

The mechanism of the protective effect of PV
against diabetes is still unknown. However, at least
three important biologic actions may be linked to the
antidiabetogenic effect.

Firstly the endotoxin Bordetella pertussis may act
as an immunoregulatory agent by altering the immune
response in the host. Secondly the lymphocytosis-
promoting factor (LPF) of Bordetella pertussis may also
participate by suppressing insulitis via its unique ef-
fect on lymphocytes.

Thirdly the Islet-activating protein (IAP) of
Bordetella pertussus is a powerful adrenergic beta
receptor agonist on the cell membrance of beta cells
and may serve as on effective deterrent against the
damage caused by stz (Dresser and Phillips 1973; Sumi
and Ui 1975).

The immunosuppressive effect in the pertussis vac-
cinated animals is the result of the combined effects
of the endotoxin and other biological factors. Thus,
PV may sometimes serve”as a natural safe guard
against insulin dependent diabetes even for a
genetically susceptible host and interrupt the diseases
in its early stages (Huang and Taylor 1982). PV is more

' effective when compared with boiled vaccine and is
" more effective in the single treated group than in the

smultiple treated group (Huang 1984).
* Cyclosporin was purified from fungal extracts in
1973. It influences the early phase of the immune

. response by blocking the synthesis and/or release of
" interleukin | from monocytes and interleukin-2 from
\

" Number 2

\

T-helper cells. Thus, Cyclosporin inhibits the T-cell
dependent B-cell activation, expansion of the unprim-
ed T helper and cytotoxic T cell subsets and gamma
interferon production.

Recently it has been demonstrated that cyclosporin
favors the expansion of antigenspecific suppressor
T-cells. ‘

(Wang et al. 1981; Tosato et al. 1982; Mo-
hagheghpour et al. Kupiec-Weglinski 1984).

cyclosporin has been administered to experimen-
tal models of autoimmunity such as adjuvant arthritis,
experimental allergic encephalomyelitis and ex-
perimental allergic neuritis. When cyclosporin is given
during the sensitization phase, it prevents the develop-
ment of autoimmune diseases in experimental animals
(Boiton et al. 1982; Hinrichs et al. 1983). In addition
to the prophylactic effect, cyclosporin also has a
strong therapeutic effect when administration is in-
itiated at the onset of symptoms (Bolton et al., 1982).

In experimental autoimmune thyroiditis induced
in rats by thymectomy and irradiation, cyclosporin
mediates a significant improvement in diseased
animals, as measured by the fall in antithyroglobulin
antibodies and the normalization of the Th: Ts ratio
in the course of treatment. Discontinuation of treat-
ment results in a relapse (McGregor et al. 1983;
Vladutiu 1983).

Preventive treatment with cyclosporin in the BB
rats of spontaneous autoimmune diabetes completely
suppresses the onset of the disease (Laupacis et-al.
1983).

It has been suggested that even the simple ex-
posure of the animal to a toxin such as stz had been
considered subdiabetogenic, a repeated or successive
exposure would greatly shorten the latency of the
development of insulin dependent diabetes.

Thus in the case of multiple stz administration, PV
protection against the development of hyperglycemia
is less complete than in single stz administration
(Huang et al. 1984).

Judging from the blood glucose levels and plasma
insulin values in these experiments, it is conceivable
that in the single stz injection, the progression of 8
cell damage in the islets occurs more slowly than with
multiple injections, and PV and CA administration
could account for the higher plasma insulin levels, sug-
gesting of protection of the # cells of the pancreas.

But the reason for the persistance of hyperglycemia
with relatively high insulin levels is difficult to explain.
It may be that relatively high insulin levels can not
normalized the nonfasting blood glucose.

insulin therapy for type 1 diabetes mellitus is not
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satisfactory, and a considerable number of patients
encounter delayed complications and a reduced life
expectancy.

Additionally, data are accumulating in favor of the
immune nature of beta cell destruction in type 1
diabetics. There are reports of attempts to halt the
disease by employing various immunosuppressants
(Elliot et al. 1981; Rand et al. 1987; Stiller et al. 1983).
Immune intervention therapy is thought to be too late
in the case of overt diabetes. To arrest the process
of the disease at an earlier stage, it will be necessary
to recognize the prediabetic period.

For this purpose markers including islet cell an-
tibodies and islet cell surface antibodies are-needed
(Kolb et al. 1983). The slow rate of beta cell loss prior
to overt diabetes raises the hope that type 1 diabetes
may become a preventable illness with early trials of
immunosuppressants. Further study in this area should
not only aid us in better understanding IDD but also
would increase the possibilities of a new strategy for
more efficient management of the disease.
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