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Abstract. Long-term glucose supplementation is required to prevent hypoglyc emia after mas sive insulin overdosing. We 
fitted the blood insulin concentration-time profile to the model: I= A・exp (-ai ) + B・exp( btl, where I (μU/mL) is the sernm / 

plasma insulin concentration , A (μU/mL) and B (μU/mL) are the peak insulin concentrations of each component ，。（time -1)

and b (time-1) are the tim e constants of eac h component, and t (h) is the time elaps ed from the p巴akof blood insulin leve l. 
Additional components w巳reconsidered as needed. Patient 1 had auto-i 吋巴cted 600 U NovoRapid 噛 30Mi xラand Patient 2 had 
auto-iniected 300 U Novold' )R (regular) and 1,800 U NovoLet 明（NPH). We used the dis appear ance  of therapeutic doses of 

the r巳spective insulin in healthy individuals as controls , and we obtained parameters by Excel solver. In Patient 1, the 

parameter values were A= 1490 .04 and a= 0.15 for insulin aspa 口and B = 60.66 and b = 0.04 for protaminated aspart. In 

Patient 2, the values were A = 784.45 and a= 0.38 for regular insulin and B = 395 .84 and b = 0.03 for NPH. Compared with 

controls, the half -lives (t1 12) for insulin aspart and prot amin ated aspart were 4 and 2 times longer , respect ively, in Pati ent 1. In 

Patient 2, the t112 for regular and NPH insulin were 2 and 7 times lon ger than tho se in the controls , respe ctiv ely. In conclusion , 
the t112 for insulin was elon gated 2 to 7 time s a自己rmassive overdo sing, explaining why gluc ose supplementation is needed for 
lon g periods in these cases. 
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SUBCUTANEOUS INJECTIONS of excessive insulin 

doses in attempted suicides have  been documented [1- 7]. 

The hypoglycemic effects of insulin overdoses have been 

known to last long [1-7] , sometimes over 10 days [6]. 

However, the phannacokinetic or mechanistic bases for 

the sust ained insulin action have not been obtained. 

Theo retica lly , subcutaneou s inje ctions of mass ive insulin 

dos es may form a distinct compartm ent that does not 

exist normally. Alternatively, a massive dose may simply 

be metabolized or dissociates slowly. Local incision of 

the tissue surrounding the in ection site has been tried as 

a treatment choice, based on the expect ation that such 
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surgery will lower the insulin level in the plasma. An 

assumption was that the injected insulin has stayed 

compartm entalized in the surrounding subcutan eo us 

l町ection site [7]. We hypothe sized instead that the long-

term hypo glycemic effects are explained by dela yed 

insulin disappearance from plasma after a massi ve dose. 

In this study , we performed a kinetic analysis on insulin 

dis appearanc e using data 企om p atients with insulin 

overdoses to test our hypothesis . 

Materials and Methods 

Data acquisition and proce ssing 

Patient 1. A 34-year -old man with a body mass ind ex 

(BMI) 20.6 kg/m 2 auto -inj ected 300 U Novo RapidliP 

30Mix twice to  the abdominal w all, appro ximat ely  30 

min apart. Novo Rapid 30M訳書issold under the brand 



scious. Upon arousal, he confessed to his mother that he 

had l町ected 600 U insulin and was transferred to the 

Emergency Department of Aizawa Hospital. He arrived 

at the hospital 4 h after the initial injection according to 

him; his plasma glucose was 46 mg/dL and the immu-

noreactive insulin 1,560 μU/mL. The plasma glucose 

was maintained between 84 and 130 mg/dL with a glu-

cose infusion throughout the hospital stay. He recovered 

uneventfully and was discharged after 6 days. The serum 

insulin level was determined by enzyme-linked immuno-

assay (Architect ⑥， Abbott, Tokyo), with 創1antibody that 

displays 75% cross-reactivity with insulin aspart [8]. 
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nmol/L). Accordingly, we subtracted 5.4 μU/mL, not 5.5 

μU/mL, from all insulin values of the patient, leaving the 

smallest value at 0.1 μU/mL (to avoid 0, for which loga-

rithmic conversion is not feasible). 

Patient 2. We processed the published serum insulin 

data [3] from a patient with BMI 30.6 kg/m2 who had 

auto-injected 300 U regular and 1,800 U NPH insulin in 

a similar manner. The graph in the communication was 

read by SimpleDigitizer ⑧ version 3.2 (http://www.alrc. 

tottori-u.ac.jp ／何imaki/download/windows.html) and con-

verted to the numerical data. 
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using data from healthy men who had 1・eceived 0.1 U/kg 

BW regular insulin (Controls 2a, nニ 16) or 0.2 U/kg BW 

NPH insulin (Controls 2bラn= 10ラwith a mean BMI of 

21.8 kg/m2). We obtained the data from the drug manu-

fac 旬rer ・’sinformation sheet (http://image.packageinsert. 

jp/pdf.php?mode= 1 &yjcode=2492415G2020). We again 

converted graphic data into numerical data and processed 

them as described above (Table 1 ). 

五CCC 出 ary.

I= A-exp( at)+ B・exp( ht)+ C・exp<-ctJ Eq 1 (three-

component analysis) 

Here, I is the serum insulin concentration (μU/mL) at 

a given time; A,  B, and C are the initial insulin concen-

trations (μU/mL) for each component ；α，b, and care the 

constants for time-dependent insulin reduction in each 

component; and t is the time in hours. 

We obtained the best-fit parameters for each compo-

nent by Excel solver. Namely, for the three-component 

analysis, random numbers obtained by Excel were 

entered for AラB,C ラ仏 b, and c in Eq 1, and we applied 
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Table 1 Data processing for analysis of insulin disappearance from the blood 

A . Raw data 

Patient 1: auto-injected 600 U NovoRapid 30Mix 

Time a白erl吋ection (ho町s) 4 20 24  42 54 66 90 114 

Insulin (μU/mL) 1,556 191.3 105.6 34.8 16.2 9.3 5.5 9.5 

Controls I: received 0.15 U/J. 渇 BWNovoR.apid 30M1x 

Tim e after inj ection (hours) 。 0.25 0.5 0.77 0.83 1.25 1.5 2 2.5  4 6  8 10 24 

Delta exogenou s insulin (μU/mL) 。 7.8 18.1 21.9 23.9 24.1 19.9 19.1 15.6  13.2 11.4 9.4 7.4 6.7  5.0  4.3 1.5 

Patient 2: auto injec ted 300 U regular and 1,800 U NPH insulm 

Time after injection (hours) 5 7.21 9.08 11.68 25.29 49.49 73. 79  97.59 121.9 

Insulin (μU/mL) 1,190 921 283 505 267 89 54 49 21.9 

Controls 2a: rece ived 0.1 U/k g BW regular insulin 

Tim e after l吋ection (hours) 。 0.25 0.5 。75 1.0 1.5 2.0 2.5 3.0 3.5 4.0 5.0 

Insulin (μU/mL) 7.7 18 25.5 26.S 27.6 21.9 18.0 14.6 12.0 9.4 8.0 6.3 

Controls 2b: received 0.2 U/kg BW NPH insu lin 

Time a丘町it¥リection (ho旧s) 。 1.2 5 1.5 1.75  2 2.5 4 6 10 

Insulin (μU/mL) 7.36 9.7 6 14.72 16.16  17.28 17.44 14.56  12.96 11.04 8.48 

B . D ataset used for kin etic analysis 

Patient 1: auto -inj ected 600 UNovoRapid 30Mix 

Time (hours) 。 16 20 38 50 62  86 

Delta exogenou s insulin (μU/mL) 1,550 .6 185.9 I 00.2 29.4 I 0.8 3.9 0.1 

Control s I: rec eived 0.15 U/k g BW N ovoRapi d 30M1x 

Tim e (hours) 。 0.2 5 0.5 1.5 2  3  4 7  9 23 

D elta exogenou s insulin (μU/mL) 24.1  19.9 19.1  15.6 13.2 11.4 9.4 7.4  6.7 5.0 4.3 1.5 

Pati ent 2: auto-inj ected 300 U regular and 1,80 0 U NPH insulin 

Time (hour s) 。 2.2 4.1 6.7 20.3 44.5 68. 8 92.6 116.9 

D elta exogenou s insulin (μU/mL) 1,158 .2 889 .2 251.2 468 .2 235.2 57.2 32.3 27.2 0.1 

C ontrol s 2a: rece ived 0.1 U/ kg BW re邑ula.rinsulin 

Tim e (hour s) 。 0.5 1.0 1.5  2.0  2.5 3.0 

D elta exo genou s insulin (μU/mL) 19.9 14.1 10.3 6.9 4.3 1.7 0.3 

Contro ls 2b: rece ived 0.2 U/kg B W NPH insulin 

Time (hour吟 。 1.0 3.0 7.0  11.0 

Delt a exog enou s insuli n (μU/mL) 17.3 12.9 10.8 6.8  5.8 

Patient 1, o旧 patient,Contr ols 1, the contr 。lfor Patie nt I, Pat ient 2, data for this patient was extract ed from  a publi cation [3], Contro ls 2a, the contr ol問 gard ingregula r 

insulin for Pati ent 2; Control s 2b, the control for Pati ent 2 1egmdi ng NPH insulin Data for Control s wer モtaken from the m anufac turer's dru g inform ation See Text for 

the det ails. 

tion (Declaration of Helsinki). 

Results 

The number of components 
A n a lysis of the  data  fro m  P atients 1 and 2  reveal e d 

two significant c omponents (Table 2). In both case s, one 

component was with a considerably shorter t112 than the 

other one (see below). The third c omponent obtained by 

solver calculation w a s virtuall y non-e xist ent becau se “C’ 
was z ero (Table 2). 

Anal ysis of the data from Controls 1 identified four 

component s as shown in Table 2 . However , Components 

3 and 4 were not functionin g because “C’was zero for 
the former and t1 12 was  as short a s 0.01 h (0.6 min) for 

the latter . We only identified one  compon ent in Controls 

2a. Although solver calculation yielded three comp o -

nents in the case of Controls 2 b , " C”was zero for Com-
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Patient 1, our patient; Controls 1, the control for Patient l; Patient 2, data for this patient was extracted from a publication l 3 J; Controls 之a,

the control regarding regular insulin for Patient 2; Controls 2b, the control for Patient 2 regarding NPH insulin. Data for Controls were 

taken from the drug manufac 印rer ’sinformation. The underlined components are virtually non-existent because “C司was zero or t 1/2 was too 

short. See text for the details. 

for Controls 1 were 1.22 and 9.16 h. This was also the 

case in Patient 2 (Table 2). Namely, the t112 was 1.83 and 

20.32 h for Components 1 and 2, whereas the values 

were 0.88 and 2.85 h in Controls 2a and 2b, respectively 

(Table 2). The initial concentration of insulin in the 

components designated by italic uppercase letters was 
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ponent 3, and t112 was 0.04 h (2.4 min) for Component 1. 

Accordingly, the number of functioning components was 

only 1 for Controls 2b. The concordance between the 

actual level of serum insulin and the estimated insulin 

level by the two-component model in the patients was 

very high （メ＞ 0.99 and r2 = 0.91 in Patients 1 and 2, 
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Fig. 1 Kin 巴tics of insu 
thin lines, regression obtained for Component 1; broken lines, regression for Compon 巳nt2. Intercepts of th巳thin Jin 巴（regression
line) and the ordinate corresponded to A and B, respectively, in each Figure. Slope of the regression line was designated by a and 
b, respectively, in each Figure. The abscissa and the ordinate are not  the same in the two graphs. 

required for long periods of time [1・7] to prevent hypo -

glycemia in patients with subcutaneous injection of 

excessively large insulin doses. However, because of 

lack of pharmacokinetic data, the exact reason for the 

long-lasting hypoglycemic effect of insulin upon over-

dose h泌氏mained unclear. For the first time, we per-

formed the kinetic analysis on the disappearance of 

insulin from the circulation in individuals with a massive 

overdose of premixed insulin or regular and NPH insulin 

1吋ected subcutaneously. The results were compared with 

those obtained in healthy volunteers receiving therapeu-

tic doses of the same insulin types. 

Our findings on the disappearance of serum insulin 

coincid ed well with the classic two-compon ent model. 

The estimated insulin concentration by the mod el was 

correlated with the actual insulin levels with r2 values 

>0.90 (Supplemental Fig. 1 ). Thus, we think our 

approach ruled out extra-components of insulin irrespec-

tive of the dosing and insulin preparations. 

Import antly , the pharmacokinetic parameters were 

markedly different on the basis of dosing. Above all, the 

time constant for  the disappearance of insulin was so 

small in the patient who injected the largest amount of 

insulin that the t112 was significantly elongated . For the 

component representing the rapidly acting insulin (insu-

Jin aspart or regular insulin) we found the t112 was elon-

gated approximat ely 2 to 4 tim es in the patients. A lso, 

the t112 for the disappe arance of intermediate insulin (pro-

taminated aspart or NPH insulin) was about 2 to 7 times 

longer in the patients than in the controls. As examples, 

the results in Patient 1 and Controls 1 are shown in Fig. 

1, in which the t112 elongation in the patient can be seen. 

We considered that this prolongation of disappearance of 

insulin is causal for the long-lasting hypoglyc 巴mic e旺ect

after subcutaneous injection of massive insulin doses 

observed in the previous reports [1-7]. 

We can offer three reasons for the slowed dis appear-

創1ce of insulin under the massive overdose . First, the 

dissociation of insulin polymer to insulin monomer [11] 

would be slowed given the large volwne of injected ins ル

lin (the large volwne would impede dilution by the inter-

stitial fluid) . Insulin aspart is produced by replacing the 

proline at position 28 on the B chain of insulin with 

aspartic acid, to facilitate dis soc iation 合om hexamers 

into dimers and monomers upon subcutaneous i町ection
[12]. The elongation of the 1 112 was apparent despite such 

adv an tag 巴 of insulin aspart pha ロnacokinetics. Second , 

receptor-mediated insulin degradation would be attenu-

ated because of saturation of insulin receptor s by the 

1町民ted insulin molecule s. The insulin rec eptor gets fully 

saturated at an insulin concentration >10 nmol/L [13], 

and we found the insulin concentration in the serum of 

patients to be around 1,200 and 1,600 μU/mL (8.6 and 

11 nmoνL , respecti vely). Of not e, these value s were 

obtained upon arrival to the emergency room. The insu-

Jin peak should have been higher than this level shortly 

afte r the inj ection of the mass ive insulin dose. Insulin 

clearance by the kidney may also have a limited capacity 

[14] and saturation of this proce ss may have contributed 

to the accwnulation and/or slow degradation of insulin in 
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the patients. The plasma glucose levels changed during 

the recovery phase in Patients 1 and 2; however , the 

acute changes in plasma glucos 巴do not alter the meta-

bolic clearance rate of insulin [15]. Nonetheless , obesity 

in Patient 2 may have slightly contributed to the slow 

disappearance of insulin. 

We are aware of the limitations in this stud y. We 

analyzed the data of only two patients, and the general 

applicability of our results cannot be confirmed . The 

results of kinetic analysis may be different in a case with 

an even higher insulin overdose such as one with 16,000 

U [6]. The number of data points was relatively small, 

especially in the case of the patients, and the initial val-

ues obtained in the patients may have been lower than 

the actual peak, so that the accuracy in the parameters 

cannot be completely guaranteed. Despite careful confir-

mation of the reproducibility , the instability in the solver 

calculation of parameters arising 合omsmall sample sizes 

is of conc ern. The C-peptide immunoa ssa ys at eac h time 

point of blood samplin g were performed only in the Con-

Patient 1 
::J" 1,800 I  I  I 
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trots. Finally, the subtraction of a given value of IRI 企om

all samples may be a source of inaccuracy, especiall y in 

later periods when the exogenous insulin is closer to the 

basal levels. 

In conclusion, for the first time, we obtained pharma-

cokinetic data on insulin disappearance in patients 

injected with a massive insulin ove rdose . The insulin dis-

appearance fitt ed the two- component mod el, with con-

siderably elongated t112 ・The prolonged hypoglycemic 

effects after a massive insulin overdose by subcutaneous 

injection may be explained to the most part, if not com-

pletely, by the slowing down of the insulin disappear-

ance. We found no evidence for the abnormal trapping of 

insulin into the extra-comp artment. 
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Supplemental Table 1 Results of the repeated Exce l solver calculation 

Solver calc ul ation 

Individuals Parameters 2nd 3rd 4th Mean SD CV 

calculation calc ulation calculation calculation 

A 1,490.03 I 1,490.058 1,490 .046 1,490 .041 1,490.04 0.01 く0.001

“ 
0.146 0.146 0.146 0.146 0.15 <0.001 <0.00 1 

Patient 1: 
B 60.669 60.643 60.656 60.660 60.66 0.01 <0.001 

injected 600 U NovoRapid 骨

b 0.036 0.036 0.036 0.036 0.04 く0.00 1 <0.001 
30Mix 

c 0.000 0.000 0.000 0.000 0.00 0.00 N.A. 

c 0.035 0.146 0.146 1.4 72 0.45 0.68 1.52 

A 13.974 13.974 13.974 13.974 13.97 0.00 0.00 

a 0.572 0.572 0.572 0.572 0.57 0.00 0.00 

B 8.331 8.33 1 8.331 8.33 1 8.33 0.00 0.00 
Controls 1: 

b 0.076 0.076 0.076 0.076 0.08 く0.001 <0.001 
received 1.5 U/kg BW 

c 0.000 0.000 0.000 0.000 0.00 0.00 N.A. 
NovoRapid R 30Mix 

c 0.818 0.150 0.154 0.5 7 1 0.42 0.33 0.78 

D 1.79 5 1.795 1.795 1.795 1.80 <0.00 1 <0.00 1 

d 70.885 64.248 63.547 72.081 67.69 4.42 0.07 

SD, standard deviation ; CV, coefficie nt of variation. Because parameter C was zero and d was so large , implying t112 was short , shaded data 

were cons idere d as havin g no physiological significance . The mean values were used for calcula tion. See text for the details. 
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