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Influence of derivatives of oxyquinoline on state of gistostructure  
as of insulin and zinc content in β-cells of the isolated pancreatic islets 

Authors investigated the nature of the direct effect of the diabetogenic derivatives of 8-hydroxyquinoline 
(TSQ) on pancreatic β-cells in experiments on a tissue culture model of isolated pancreatic islets (IPI), which 
allows us to study the direct effect of target concentrations of investigated substance on cells, whereas in ex-
periments on animals, the metabolism of a substance injected into the body with the subsequent effect of me-
tabolites on β-cells is not excluded. In experiments with IPI of newborn rats, TSQ was added to the nutrient 
fluid; after cultivation, the material was fixed in Bouin liquid. Histological and highly specific histochemical 
methods specific for insulin and zinc in β-cells were used to assess the insulin content in β-cells and the state 
of the islet’s histostructure. Results. It was shown that the direct effect of TSQ on β-cells is accompanied by 
cell destruction and a significant decrease of insulin and zinc content (from 1.68–1.74 pu in intact islets to 
1.04–1.18 pu in experience), which is the reason for the destruction of islets and the development of type 1 
diabetes. When choosing research methods, the most complete results are obtained by using of a complex that 
includes two methods — histological or combining the properties of histological and histochemical and one 
of the histochemical specific method for insulin and zinc in β-cells. In manual selection of purified pancreatic 
islets, the number of damaged IPIs is several times less compared to the other methods. 

Keywords: isolated pancreatic islets, β-cells, insulin, zinc, 8-oxyquinolin, experimental diabetes, aldehyde-
fucshin method, diethylpseudoisocyanine method. 

 

Introduction 

Pancreatic islets of animals and humans contains a large amounts of deposited insulin in the form of 
complex with zinc [1–4]. Method of isolation of pancreatic islets using of collagenase proposed by R. Lacy, 
M. Kostianovsky in 1967 [5] has obvious advantages due to the possibility for investigation of direct effect 
of various concentrations of the investigated substance on the β-cells contrary to the model of animal exper-
iments. 

Objective of the study: in experiments with the direct effect of diabetic chemicals on isolated pancreatic 
islets to investigate the nature of direct effect of the one diabetogenic derivatives of 8-hydroxyquinoline on 
the state of histostructure and insulin content in pancreatic β-cells, as well as of zinc ions involved in the 
formation of β-cells of the deposited form of insulin [2]. There are parallelism between the content of insulin 
and zinc in β-cells [3, 6–8]. It is known that some antimicrobial drugs widely used in clinical practice in-
cludes the following, containing 8-hydroxyquinoline derivatives as an active component of the some antimi-
crobial drugs. Its antimicrobial effect is determined by the ability of 8-hydroxyquinoline to form complex 
salts with metals, including zinc of the active part of bacterial enzymes which is accompanied by inactivation 
of enzymes and subsequent death of bacteria [7]. 

At the same time, the goal was to try to adapt the histochemical methods of staining insulin and zinc to 
the tissue model of isolated pancreatic islets in order to obtain high-quality results achieved when working 
with tissue sections of a fixed pancreas. 

Experimental 

Animals: 18 neonatal rats 4–5 days old. 
Groups: 
Group 1: intact isolated pancreatic islets. 
Group 2: isolated pancreatic islets after pre-cultivation with 8-para(toluenesulphonylamino)quinolin 

[TSQ] 3.8 and 4.2 mg/100 ml. 
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Group 3: isolated pancreatic islets after pre-cultivation with Dithizon, 5.0 and 5.2 mg/100 ml. 
Isolation of pancreatic islets by collagenase according R. Lacy and M. Kostianovsky [5]. The pancreas 

tissue was disaggregated 3 times in 2 % collagenase solution (Boehringer Mannheim, Germany), washing in 
Hanks solution. Selection of isolated islets using of two ways: 1) separation in the density gradient of dex-
tran; 2) manual selection. Pre-cultivation of the intact IA of control group for 1 h in RPMI-1640 nutria medi-
um (SERVA, Germany) with 5.5 mM of glucose and of fetal serum. In experimental groups islets were ex-
posed for 20 min. in RPMI-1640 medium with 3.5–3.8 mg/100 ml of 8-para(toluenesulphonylamino)-
quinoline [TSQ] (IREA, Institute of Pure reagents, Moscow) and with Dithizon, 5.1–5.2 mg/100 ml. At the 
end of the exposure, islets were washed in Hanks solution after which — precultivation in fresh portion of 
RPMI-1640 medium. Fixation of islets in Bouin for 45–60 min. 

Features of embedding of islets into paraffin. The main task was to prevent the islets from settling to the 
bottom of the container with paraffin, distributing them as evenly as possible vertically in the paraffin block. 
Staining of sections using of 2 methods for insulin: aldehyde fuchsine («MERCK», Germany) [9–11] and 
fluorescent N,N’-Diethylpseudoisocyanine chloride («SERVA», Germany) methods [12–14]. Staining of 
zinc by high specific histochemical luminescent reaction with 8-para(toluenesulfonylamino)quinoline (TSQ) 
was used [6, 15–17]. For this reaction islets were fixed in 70º ethanol + H2S was used which ensures the con-
servation and fixation of zinc ions in β-cells. The content of deposited insulin and zinc ions in β-cells was 
measured by histofluorimetric method in relative units (r.u.) using of dependence of zinc concentration on 
fluorescence intensity of β-cells by calculation of parameter K [18, 19]. Immunohistochemical method for 
staining of insulin [20] using standard kits («DAKO», Denmark) was also used. 

Calculation of the parameter K for Diethylpseudoisocyanine and TSQ luminescent methods for insulin 
and zinc ions in β-cells: K = IF1/IF2, where IF1 is intensity of fluorescence of β-cells; IF2 is intensity of flu-
orescence of β-cells of damaged isolated pancreatic islets. The direct dependence was used in the calculation: 
more intensive fluorescence of cytoplasm of β-cells correspond to the higher content of insulin and zinc in 
β-cells [19]. Calculation of indicators for light optical microscopy (aldehyde fuchsin method): 
K = AB2/AB1, where AB1 is absorbance by β-cells of intact isolated pancreatic islets of rat rats; AB2 light 
absorbance by damaged β-cells. An inverse direct relationship was used: the higher light absorption (color 
density) correspond to a large amount of insulin whereas low absorbance correspond to the low content of 
insulin and zinc in β-cells. For the quantitative assessment a histofluorimetric complex based on a light mi-
croscope and microphotographic camera with integrated diaphragm for selective photometry of islet β-cells 
[18, 19]. All data were calculated statistically using t-Student test. 

Results 

In sections of intact islets marked positive reaction for insulin and zinc in β-cells was demonstrated by 
all methods, the most demonstrative by using of N,N’-Diethylpseudoisocyanine and by aldehyde-fucshine 
methods for insulin correspondly: 1.74 ± 0.03 p.u. and 1.72 ± 0.04 as by immunohistochemical methods — 
1.70 ± 0.05 p.u. and for zinc — as 1.68 ± 0.03 p.u. (see Table). In islets treated by Dithizon and by TSQ, a 
marked decrease of the content as of insulin and zinc in β-cells was showed in comparison with β-cells of 
intact islets (see Table). Intact islets without any changes of the state of histostructure (see Fig. a–d). In islets 
treated by TSQ a marked histological changes were revealed as destruction and death of cells, pycnosis of 
nuclei in combination with marked decrease of insulin and of zinc content in β-cells by all methods. 

T a b l e  

Insulin and zinc content in β-cells of isolated pancreatic islets (r.u.) 

No. Islets 
Insulin and zinc content in β-cells after action of TSQ and Dithizon (о.е.) 

8-TSQ (zinc) IF1/IF2
Aldehyde fuchsin 
(insulin) АF1/АF2 

Diethylpseudoiso-
cyanin (insulin) 

Immunohistochemi-
cal method (insulin)

1 Intact 
1.68 ± 0.03 

(n = 16) 
1.72 ± 0.04 

(n = 18) 
1.74 ± 0.03 

(n = 12) 
1.70 ± 0.05 

(n = 12) 

2 After action of TSQ 
1.18 ± 0.03 

(n = 15) 
1.12 ± 0.04 

(n = 19) 
1.04 ± 0.03 

(n = 15) 
1.06 ± 0.02 

(n = 12) 

3 After action of Dithizon
1.12 ± 0.04 

(n = 19) 
1.08 ± 0.03 

(n = 16) 
1.03 ± 0.03 

(n = 21) 
1.08 ± 0.04 

(n = 12) 
——————— 

Note. p < 0,005 for all values. 
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aldehyde-fuchsin method is that it is not strictly specific only with respect to insulin, since some hormones of 
the adenohypophysis are also stained with it. However, in relation to pancreatic islets, it can surely be con-
sidered specific, since other hormones are not produced in β-cells and only insulin can stain. As for the 
N,N’-diethylpseudoisocyanine staining method, it is strictly specific for staining of insulin and highly sensi-
tive, allowing, like the luminescent reaction to zinc to detect substances at concentrations of 10–7–10–8 [1, 12, 
17]. A relative disadvantage of luminescent methods is the use of intermittent slides prepared ex tempore, 
which dry quickly enough after painting. Based on all the many years of previous experience, the authors 
believe that is more preferable for this kind of research to use a pair of methods, for example, aldehyde 
fuchsin and N,N’-diethylpseudoisocyanine or immunohistochemical technic. In the possibility to use only 
one staining method — the choice of the aldehyde fuchsin method is no doubt. Regarding selection of islets, 
authors prefer results obtained by careful manual selection of purified islets in which it is possible to have a 
culture containing no more than 1–3 % of the islets damaged during procedures of isolation, while when se-
lection using a density gradient, their number can reach 8–15 % [5]. The use of such an insufficiently puri-
fied culture can significantly distort the results of the study. 

Conclusions 

1. The diabetogenic effect of 8TSQ, a derivative of 8-hydroxyquinolines, which causes destruction and 
death of β-cells with the development of type 1 diabetes, is determined by its direct damaging effect on 
β-cells that result destruction and death of cells. 

2. Optimal is using of at least of two staining methods of: aldehyde fuchsin for description in details of 
histological changes and at the same time for staining of insulin in β-cells and N,N’-diethylpseudoisocyanine 
or immunohistochemical methods high specific for staining of insulin. In the absence of the possibility of 
using two methods, the choice of aldehyde fuchsin as the only one is not in doubt. 
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Оқшауланған панкреатикалық аралдардың β-жасушаларындағы  
инсулин мен мырыштың құрамына жəне гистоқұрылымының  

жағдайына оксихинолин туындыларының əсері 

Авторлар 8-оксихинолиннің (TSQ) диабетогенді туындыларының ұйқы безінің β-клеткасына тікелей 
əсер ету сипатын зерттелетін заттың берілген концентрациясының жасушаларға тікелей əсерін 
зерттеуге мүмкіндік беретін оқшауланған панкреатикалық аралдардың (IPI) тінінің мəдениет 
моделінде зерттелген заттардың жасушаға тікелей əсерін зерттеуге мүмкіндік берді, ал жануарлар 
тəжірибесінде ағзаға енгізілетін заттың метаболизациясы теріске шығарылмаған. Жаңа туған 
егеуқұйрықтардың IPI тəжірибелерінде қоректік ортаға TSQ қосылды; өсіруден кейін материал Буэн 
сұйықтығына фиксацияланды. Β-жасушалардағы инсулиннің құрамын жəне аралдардың 
гистоқұрылымының жағдайын бағалау үшін β-жасушаларына инсулин мен мырышқа қатысты 
гистологиялық жəне жоғары спецификалық əдістер қолданылды. Нəтижесінде TSQ β-жасушаларға 
тікелей əсері көптеген аралшықтарда жасушалардың деструкциясымен жəне ондағы инсулин мен 
мырыш құрамының елеулі төмендеуімен қатар жүреді, бұл аралшықтардың бұзылуы мен 1 типті 
диабеттің дамуының себебі болып табылады. Зерттеу əдістерін таңдау кезінде неғұрлым толық 
нəтижелер екі əдіспен — гистологиялық немесе гистологиялық жəне гистохимиялық жəне 
β-клеткалардағы инсулинді немесе мырышты анықтауға қатысы бар бір гистохимиялық қасиеттерін 
біріктіретін кешенді қолдануды береді. Тазартылған панкреатикалық аралдарды мануальды іріктеу 
кезінде зақымдалған IPI саны басқа əдістермен салыстырғанда бірнеше есе аз болды.  

Кілт сөздер: оқшауланған панкреатит аралшықтары, В-жасушалар, инсулин, мырыш, эксперимен-
тальды диабет, альдегид-фуксинды метод, диэтилпсевдоизоцианинды əдіс. 
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Влияние производных оксихинолина на состояние гистоструктуры  
и содержание инсулина и цинка в β-клетках изолированных  

панкреатических островков 

Авторами исследован характер прямого влияния диабетогенных производных 8-оксихинолина (TSQ) 
на β-клетки поджелудочной железы в опытах на модели культуры ткани изолированных панкреати-
ческих островков (IPI), которая позволяет изучить прямое влияние заданных концентраций исследуе-
мого вещества на клетки, тогда как в опытах на животных не исключена метаболизация вводимого в 
организм вещества с последующим воздействием метаболитов на β-клетки. В опытах с IPI новорож-
денных крысят в питательную среду добавлен TSQ; после культивирования материал фиксировали в 
жидкости Буэна. Для оценки содержания инсулина в β-клетках и состояния гистоструктуры островков 
использованы гистологические и высокоспецифичные в отношении инсулина и цинка в β-клетках 
гистохимические методы. Показано, что прямое воздействие TSQ на β-клетки сопровождается дест-
рукцией клеток в большинстве островков и значительным снижением содержания в них инсулина и 
цинка, что является причиной разрушения островков и развития диабета 1 типа. При выборе методов 
исследования наиболее полные результаты дает применение комплекса, включающего два метода — 
гистологический или сочетающий свойства гистологического и гистохимического и одного из гисто-
химических, специфичных в отношении выявления инсулина или цинка в β-клетках. При мануальном 
отборе очищенных панкреатических островков количество поврежденных IPI в несколько раз меньше 
по сравнению с другими методами. 
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