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HISTOPATHOLOGICAL CHANGES OF THE KIDNEYS AND LIVER
IN ALLOXAN-INDUCED DIABETIC MICE TREATED WITH
GOUTWEED (AEGOPODIUM PODAGRARIA L.) MEDICINES
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The influence of the goutweed dry extract (1 g/kg), goutweed tincture (1 and 5 ml/kg) and “Arphasetin” tea infusion
(18 ml/kg) on the histological structure of the kidneys and liver in alloxan-induced diabetic mice has been investigated. In
three weeks after the pathological process induction in the nontreated mice dystrophic changes with the partial transition
to necrobiosis and necrosis in the kidneys and liver, protein casts within the renal tubuli and lympholeucocytal infiltration
in the liver were found. The goutweed dry extract (1 g/kg) and “Arphasetin” tea infusion (18 ml/kg) normalize the struc-
ture of the renal tubuli (granular dystrophy of the kidney epithelium and necrobiosis foci in some histological samples were
evident), prevent pathological changes of hepatocytes (on the background of the extract the vascular plethora, hepato-
cytes granular dystrophy and hypertrophy of some cells were detected, on the background of “Arphasetin’, in addition to
the abovementioned changes, single necrobiosis foci were registered). Necrobiosis and necrosis were not detected in the
kidneys and liver of the animals treated with the goutweed tincture in the of dose of 5 ml/kg, but the vascular plethora was
present. Granular dystrophy of the epithelium and protein casts within some tubuli were seen in the kidneys, granular dys-
trophy of hepatocytes was registered in the liver. The goutweed tincture in the dose of 1 ml/kg did not show the protective
action on the histological structure of the kidneys and liver. Thus, a dry extract of goutweed (1 g/kg), the goutweed tinc-
ture (5 ml/kg, but not 1 ml/kg) and "Arphasetin” tea infusion (18 ml/kg) improve the histological structure of the kidneys
and liver in alloxan-induced diabetic mice, prevent necrosis development and infiltration of tubuli with protein casts. The

goutweed extract in the dose of 1 g/kg is considered to be the most promising medicine for further research.

he prevalence of diabetes

mellitus (DM) is constant-
ly increasing, it contributes essen-
tially to the general structure of
mortality, impaires the quality of
life and ability to work. So, the
problem of improving DM treat-
ment remains essential [13]. Be-
ing one of the most dangerous com-
plications of diabetes, nephropathy
develops in 20-40% of patients and
progresses to irreversible decline
in the renal function with the need
in substitution therapy [8]. Fur-
thermore, even in the absence of
obesity in 24% of patients with
type I diabetes and in 80% of pa-
tients with type II diabetes the
nonalcoholic fatty liver disease is
registered [10]. Therefore, it is rea-
sonable to develop drugs with the
polytropic effect on the pathoge-
nesis of diabetes and herbal me-
dicines possessing a polymodal pro-
tective action are under the inten-

sive research in this context [12].
However, the data on the mecha-
nisms of action of these drugs are
insufficient.

Our efforts are directed towards
the investigation of the pharma-
cological properties of Aegopodi-
um podagraria L. (goutweed, GW).
GW is a perennial plant of the Apia-
ceae family. A dry extract and the
tincture standardized by hydroxy-
cinnamic acids content have been
obtained from the GW overground
part. Proceeding from pharmaco-
logical effects of goutweed such
as the hypoglycemic effect in in-
tact rats (inherent for the tinctu-
re [3]), the beneficial effect on the
uric acid metabolism (typical for
the extract and the tincture [6]),
the hepatoprotective and nephro-
protective activity (proven for the
extract [4, 6]) the research of effi-
ciency of the medicines with GW
has been carried out in alloxan-
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induced diabetic mice. Under the-
se conditions the extract and the
tincture with GW reduced hyper-
glycemia and normalized urice-
mia, the extract also revealed the
hypoazotemic action, exhibited a
clear tendency to proteinuria re-
duction and survival increase [5,
7]. Therefore, there is the neces-
sity to conduct morphological ve-
rification of the protective effect
of GW medicines.

The aim of this study is to de-
termine the effect of medicines with
goutweed on the histological struc-
ture of the kidneys and liver in al-
loxan-induced diabetic mice.

Materials and Methods

Adult randombred male mice
(with the body weight of 17-20 g)
obtained from the Central Rese-
arch Laboratory of the National
University of Pharmacy were used
for this study in accordance with
“Directive 2010/63/EU of the Euro-
pean Parliament and of the Coun-
cil of 22 September 2010 on pro-
tection of animals used for scien-
tific purposes.”
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The diabetes model was in-
duced by single subcutaneous in-
troduction of alloxan in the dose
of 200 mg/kg [1]. On the 3-rd day
the mice with the blood glucose
level more than 10 mmol/l were
chosen and randomly divided into
6 groups as follows: untreated mice
(diabetes control, DC, n=9), mice
treated with the GW tincture in the
doses of 1 and 5 ml/kg (n=8 and
n=10, respectively), mice treated
with the GW extract in the dose
of 1 g/kg (n=7, the doses being
effective in the previous experi-
ments were used [3, 6]), mice gi-
ven the reference drug - offici-
nal hypoglycemic herbal tea “Ar-
phasetin” in the dose of 18 ml/kg
(n=7, [2]).

The groups of diabetic mice
did not differ in their glycemic le-
vel. The GW tincture (with alco-
hol removed before introduction),
the GW extract (water solution)
and “Arphasetin” tea infusion were
introduced intragastrically once
a day. The mice of the DC group,
as well as the mice used as an in-
tact control (IC, n=7) received the
appropriate amount of distilled
water. On the 3-rd week after the
introduction of the last dose the
animals were sacrificed under the
lethal dose of barbiturate-indu-
ced anesthesia. The kidneys and
liver were harvested, fixed in 10%
solution of neutral formalin and
embedded in paraffin. Microtome
cuts were stained with hematoxy-
lin and eosin. For the analysis a
“Granum R60-Lux” microscope (ob-
jective x10, x40, ocular EW10X/22)
and a “Granum DC400” digital vi-
deo camera with the appropriate
software were used.

Results and Discussion

There were no renal histolo-
gical alterations in the animals of
the IC group with glomeruli and
tubuli preserved. The normal ne-
phrothelial structure is shown in
Fig. 1. A typical histological struc-
ture of the liver was also evident in
these mice (Fig. 2). During three
weeks passed since alloxan intro-
duction the kidneys and liver of

Fig. 1. A photomicrograph of the intact mouse kidney. The histological
structure of the kidney is preserved with the normal nephrothelial
structure. Hematoxylin and eosin staining. x 400

Fig. 2. A photomicrograph of the intact mouse liver. The histological
structure of the liver is preserved. Hematoxylin and eosin
staining. x 100

Fig. 3. A photomicrograph of the alloxan-induced diabetic mouse kidney
(diabetes control), the third week. Necrobiosis of the fubular
epithelium, protein infiltration of tubuli. Hematoxylin and eosin
staining. x 400
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Fig. 4. A photomicrograph of the alloxan-induced diabetic mouse
liver (diabetes confrol), the third week. A pronounced vascular
plethora with the presence of erythrocytes. Hematoxylin and
eosin staining. x 400

Fig. 5. A photomicrograph of the alloxan-induced diabetic mouse liver
(diabetes control), the third week. Granular dystrophy of
hepatocytes. Lympholeucocytal infilfration foci with necrobiosis
and necrosis of hepatocytes. Hematoxylin and eosin staining. x 100

Fig. 6. A photomicrograph of the kidney of the alloxan-induced diabetic
mouse (the third week) receiving the goutweed exiract in the dose
of 1 g/kg. The structure of tubuliis partially preserved, granular
dystrophy and foci of necrobiosis of the tubular epithelium.
Hematoxylin and eosin staining. x 400

mice in the DC group underwent
pathological changes. Thus, the vas-
cular plethora was found in the
kidneys, as well as granular de-
generation of the tubular epithe-
lium with necrobiosis of the epi-
thelium in some tubuli and pro-
tein infiltration of tubuli (Fig. 3).
Although the renal excretory fun-
ction in this term is not signifi-
cantly impaired, the tendency to-
wards prognostically unfavoura-
ble hyperfiltration and increased
proteinuria (that was severe in in-
dividual mice) indicates the pos-
sibility of the functional reserve
exhaustion [7]. It is also consis-
tent with the lack of significant
morphological changes of glome-
ruli and with the tubular infiltra-
tion. A pronounced vascular ple-
thora was detected in the liver
(Fig. 4). Hepatocytes underwent
dystrophic changes (granular dys-
trophy), in some samples the lym-
pholeucocytal infiltration foci with
necrobiosis and necrosis of he-
patocytes were present (Fig. 5).
These results correspond to the
data in literature concerning the
presence of pathological changes
in the kidneys and liver already
on the 9-th day after alloxan in-
troduction [11] and development
of lymphocytic infiltration and ne-
crosis foci in the liver in 4 weeks
of alloxan-induced diabetes pro-
gress [9].

The least pronounced chang-
es of the kidneys and liver histo-
logical structure were observed
in animals treated with the GW
extract and “Arphasetin” tea in-
fusion. In the kidneys of mice of
both of these groups the structu-
re of tubuli was predominantly
preserved. The granular dystro-
phy of the nephrotelium, as well
as the foci of necrobiosis were re-
gistered only in certain samples
(Fig. 6, 8). The lack of protein in-
filtration of tubuli is consistent
with the tendency to proteinuria
reduction on the background of
the GW extract [7]. Thus, the ne-
phroprotective effect of this me-
dicine proven [6] is evident un-
der the conditions of alloxan-in-
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duced diabetes, with the extract
administration for treatment, but
not for prophylaxis. The nephro-
protective effect is favourably as-
sociated with the hypoazotemic
activity probably associated with
extrarenal mechanisms [7].

In the liver sections of mice re-
ceiving the GW extract the vascu-
lar plethora and granular dystro-
phy of hepatocytes were detected.
Some cells were in the state of hy-
pertrophy (Fig. 7), which may be
characterized as a load-induced
hypertrophy. On the background
of “Arphasetin” the changes in he-
patic histological structure were
also less pronounced compared to
the DC group: the vascular pletho-
ra and granular dystrophy of he-
patocytes were found (Fig. 4), as
well as isolated foci of hepatocy-
tes necrobiosis in some histolog-
ical samples.

Therefore, both the GW extract
and “Arphasetin” normalize the li-
ver and kidney histological struc-
ture. However, with its integral pro-
tective effect the GW extract has
advantages over the reference drug
because the latter, in contrast to
the GW extract, does not reduce
blood glucose and the creatinine
level [5, 7]. Itis likely that a com-
bination of hypoglycemic, nephro-
and hepatoprotective effects re-
sults in survival increase, which
is the highest on the background
of the extract [5].

The GW tincture in the dose of
1 ml/kg significantly decreased
glycemia and glucosuria, contribu-
ted to proteinuria reduction, though
did not provide decrease in letha-
lity of diabetic mice [5]. The re-
search of the histological structu-
re also indicated the lack of the
protective activity: there were sig-
nificant changes in the renal tu-
buli with foci of necrobiosis and
necrosis of the tubular epithelium,
expressed granular dystrophy of
the nephrotelium and protein in-
filtration of tubuli, while the glo-
merular structure was preserved
with only vascular plethora and
a slight swelling being present

Fig. 7. A photomicrograph of the liver of the alloxan-induced diabetic
mouse (the third week) receiving the goutweed extract in the dose
of 1 g/kg. Granular dystrophy of hepatocytes, some of them in the
state of hypertrophy. Hematoxylin and eosin staining. x 400

Fig. 8. A photomicrograph of the kidney of the alloxan-induced diabetic
mouse (the third week) receiving "Arphasetin” tea infusion in the dose
of 18 ml/kg. The structure of tubuliis preserved, granular dystrophy of
the tubular epithelium. Hematoxylin and eosin staining. x 400

Fig. 9. A photomicrograph of the liver of the alloxan-induced diabetic
mouse (the third week) receiving “Arphasetin” tea infusion in the
dose of 18 ml/kg. Vascular plethora and granular dystrophy of
hepatocytes. Hematoxylin and eosin staining. x 400
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Fig. 10. A photomicrograph of the kidney of the alloxan-induced diabetic
mouse (the third week) receiving the goutweed fincture in the
dose of 1 mi/kg. The glomerular structure is preserved, the vascular
plethora and slight swelling. Necrosis and necrobiosis of the fubular
epithelium, expressed granular dystrophy of the nephrotelium and
protein infiliration of tubuli. Hematoxylin and eosin staining. x 400

Fig. 11. A photomicrograph of the liver of the alloxan-induced diabefic
mouse (the third week) receiving the goutweed tincture in the dose
of 1 ml/kg. Granular dystrophy and foci of necrosis of hepatocytes.
Hematoxylin and eosin staining. x 400

Fig. 12. A photomicrograph of the kidney of the alloxan-induced diabetic
mouse (the third week) receiving the goutweed tincture in the dose
of 5 ml/kg. The structure of tubuliis partially preserved, granular
dystrophy of the nephrothelium. Hematoxylin and eosin staining. x 400

(Fig. 10). In the liver there was
hepatocytes granular dystrophy
and foci of necrosis of hepatocy-
tes (Fig. 11). The increase in the
GW tincture dose up to 5 ml/kg
did not provide the increase in
the protective effect according to
the criteria of glycemia, the blood
creatinine level and the glomeru-
lar filtration rate. The survival rate
in this group was the lowest and
had statistically significant diffe-
rences from the value of the group
treated with the GW extract. How-
ever, on the background of the tin-
cture in the dose of 5 ml/kg ne-
crosis and necrobiosis in the kid-
neys were not registered, while
the vascular plethora and granu-
lar dystrophy of the tubular epi-
thelium were detected (Fig. 12),
as well as protein infiltration in
some tubuli. Under the influence
of the GW tincture in the dose of
5 ml/kg necrobiosis and necro-
sis of hepatocytes were not also
found, there was only granular dys-
trophy and the irregular vascular
plethora in the liver (Fig. 13).
Thus, in alloxan-induced dia-
betes mice no strict correspoden-
ce between biochemical, functio-
nal and morphological changes on
the background of the GW tinctu-
re and “Arphasetin” tea infusion
is observed. This may indicate an
insufficient protective activity of
these drugs on the integral level of
the whole organism, despite some
such positive effects registered as
normalization of the histological
structure of the kidney and liver
by the GW tincture in the dose of
5 ml/kg and «Arphasetin», as well
as favourable metabolic proper-
ties of the tincture in the dose of
1 ml/kg. At the same time the GW
extractin the dose of 1 g/kg is cha-
racterized by the integral protec-
tive action: along with the norma-
lization of glucose metabolism, in-
crease in the survival rate, reduc-
tion in the blood creatinine level
and tendency towards proteinuria
decrease, it restores the normal
histological structure of the kid-
neys and liver. Since the direct ne-
phrotoxic and hepatotoxic effects
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CONCLUSIONS

1. In three weeks after the pa-
thological process induction in the
nontreated mice dystrophic chan-
ges with the partial transition to
necrobiosis and necrosis in the kid-
neys and liver, protein casts within
the renal tubuli and lympholeuco-
cytal infiltration in the liver were
found.

2. A dry extract of goutweed
(1 g/kg), “Arphasetin” tea infusion
(18 ml/kg), the goutweed tinctu-
re (5 ml/kg, but not 1 ml/kg) im-
prove the histological structure of
the kidneys and liver in alloxan-in-
duced diabetic mice and, prevent
necrosis development and protein
infiltration of the renal tubuli.

3. On the basis of the experi-
mental data the goutweed extract

Fig. 13. A photomicrograph of the liver of the alloxan-induced diabetic
mouse (the third week) receiving the goutweed fincture in the dose
of 5 mi/kg. Irregular vascular plethora alternating with decreased
blood flow areas, granular dystrophy of hepatocytes. Hematoxylin
and eosin staining. x 100

of alloxan are due to the oxidati-
ve stress induction [9, 11], the re-
sults of the current study substan-

tiate broadening of the spectrum
of the cytoprotective action of the
GW extract.

in the dose of 1 g/kg is conside-
red to be the most promising me-
dicine for further research.
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CTPYKTYPHI 3SMIHA HUPOK TA IEYIHKHU MMIILIEH 3 AJIOKCAHOBUM LIYKPOBUM JIIABETOM I1PH BBEJAEHHI
TNPENAPATIB AIVIULI 3BBUYAMHOI (AEGOPODIUM PODAGRARIA L.)

0.B.Tosuuea, B.0O.Cunuys*, C.I0.lllmpuzoas, H.B.be3dimko
HayioHaawHuii ghapmayeemuyHuii ynieepcumem, 06.1acHe namosiocoaHamomiuHe 610po YepHiziecokoi 06.1.*
Karouosi cnosa: muwi; anokcaHosull yykposull diabem; HUPKU; neYiHKa; eAuys 38uvatiHa

JocaidxceHo enaue ekcmpakmy s2auyi 3guvatiHoi (1 2/kz2), Hacmoltiku sieauyi seuvaiinoi (1 ma 5 ma/ke) ma Hacmoro
360py «Apgazemun» (18 ma/kz) Ha cicmocmpykmypy HUPOK ma he4iHKu muuiell 3 aio0kcaHosum diabemom. Ha mpemuo-
MY MUCHI pO38UMKY NamoJio2ii 8 HUPKAx ma ne4iHyi HeAiKo8aHUX MeapuH gusineHi ducmpog@ivuHi 3MIHU 3 YACMKOBUM
nepexodoM y Hekpo6io3 ma HeKpo3, y HUPKax — iHpinbmpayito kaHaavyis 6iakom, y nevinyi - nimpoaelikoyumapHy iH-
dinbmpayir. Ekcmpakm sieauyi 3guuatinoi (1 2/ke) ma Hacmili 36opy «Apdazemun» (18 ma/ke) HopMmaaizyroms cmpyk-
mypy HUpKosux KaHa/avyise (HasisHa sepHucma ducmpogis Hedppomeairo, 8 okpemux 2zicmonpenapamax — 802HUWA He-
Kpob6io3y), npomuditoms namoa02i4HuM 3MiHaM eenamoyumis (Ha mai ekcmpakmy 8usi8/s/1u NOBHOKPOBHICMb CYOUH,
3epHucmy ducmpodgiro eenamoyumis, 2inepmpogiro okpemux kaimuH, Ha mai «Apgazemury» do moeo s peecmpysanu
NnooduHOKI 802HUWA HEKPO6I03y). Y HUpKax ma neyiHYyi meapuH, siki odepicysanu HacmoUKy seauyi 3euyatiHoi 8 do3i
5 ma/ke, He sus8A51.1U HEKPO3Y ma HeKPO6io3y, 6Y/a1a HAsI8BHOK NOBHOKPOBHICMb CYOUH, Y HUPKAX — 3epHuUcma ducmpodis
Hegpome.ito 3 6i1K08010 IHPinbMpayiero dessiKkux kaHaabyie, y neuiHyi — 3epHucma ducmpogis cenamoyumis. Hacmoti-
Ka si2auyi 38uyaiiHoi 8 003i 1 M//Ke He HUHUAA 3aXUCHO20 8NAUBY HA 2icmocmpykmypy HUPOK ma neviHku. Takum YuHoM,
ekcmpakm seauyi 3euyativoi (1 2/ke), Hacmolika sieauyi 3euuatinoi (5, ane He 1 ma/k2) ma Hacmili 360py «ApdazemuH»
(18 ma/k2) nokpawyrome 2zicmocmpykmypy HUpOK ma heyiHku muuwell i3 ano0kcaHogum diabemom, hpomuditoms po3-
8UMKY HEeKpo3y, a makodic 6i1kosill iHinbmpayii Hupkogux kaHaavyie. Haill6inbw nepchekmusHuM npenapamom oas
nodasbwux docaidsiceHb € ekcmpakm s2auyi 3guyatiHoi 8 0o3i 1 2/ke.

CTPYKTYPHBIE U3BMEHEHWS NOYEK Y IIEYEHU MBIIIEH C AJI/IOKCAHOBBIM CAXAPHBIM IMUABETOM HA ®OHE
TNPENTAPATOB CHBITH OBbIKHOBEHHOU (AEGOPODIUM PODAGRARIA L.)

0.B.Tosuuza, B.A.Cunuya*, C.I0.Illmpvizo1b, H.B.be3demko

HayuonaavHblii hapmayeemuueckuii yHugepcumem, 061acmHoe namo.1020aHamomuyveckKoe 610po
YepHuzoeckoii 06.1.*

Karouesvle c108a: Mbllu; AN110KCAHOBBIL CAxapHbili duabem; NOYKU; ne4eHb; CHbIMb 06bIKHOBEHHAS

HccnedosaHno eausiHue akcmpakma cHbimu 06bIKHO8eHHOU (1 2/ke), Hacmoliku cHbimu 06bikHO8eHHOU (1 u 5 ma/ke) u
Hacmos c6opa «Apdasemun» (18 ma/k2) Ha 2ucmocmpyKkmypy no4ek u neyeHu mvluwell ¢ a110KCAHO8bIM dUABEMOM.
Yepesz mpu Hedeau nocie 80chpousgedeHusi NAmMo/102ul 8 NOYKAX U NeYeHU He/leYeHHbIX HCUBOMHDbIX 8blsi8/1eHbl AUCMPO-
duyeckue usmMeHeHUsl ¢ YHACMUYHbIM NepexodoM 8 HeKpO3 U HEKpobuo3, 8 NOYKAX — UHPUIbMpayusi KaHAIbYes 6eaKoM,
8 neyeHu — aumgoelikoyumapHas uHpuabmpayus. Ikcmpakm cHbimu 06bikHogeHHoU (1 2/k2) u Hacmoli c6opa «Ap-
dazemun» Hopmaauzyrom cmpykmypy no4e4HuiX KaHa/byes (npucymcmeyem 3epHucmas ducmpogus Hehpomenus, 8
omoe/ibHbIX 2UCMONpenapamax — ovazu HeKkpobuo3a), npomugodeticmgyrom namo/a02u4eckuM U3MeHeHUsIM 2enamoyu-
mos (Ha hoHe IKcMpakma 8wls18/151U NOJAHOKPO8UE cOCydos, 3epHUcCmMyro ducmpo@duro eenamoyumos u 2unepmpo@duro
omoeIbHbIX KAeMoK, Ha hoHe «ApgpazemuHa» K momy dce pecucmpupo8aJiu 00UHO4Hble 0Yazu HeKpobuo3a). B neveHu u
NOYKAX HCUBOMHDBIX, NOAYYABWUX HACMOUKY CHbIMU 00bIKHOBEHHOU 8 003€ 5 M/Ke, He 8bls18/151U HeKP03a U HeKpobuo3a,
npucymcmeo8asio nosIHOKpogue cocydos, 8 NOUKAX — 3epHUcmas ducmpogus Hedppomenus ¢ 6eskosoli uHduabmpayuet
HEeKOMOopbIX KaHAa/1byes, 8 neyeHu — 3epHucmasi oucmpodgus zenamoyumos. Hacmotika cHbimu 06bI1KHOBEHHOUI 8 J03e
1 ms1/K2 He 0Ka3bl8a/1A 3aWUMHO20 8AUSIHUSI HA 2UCMOCMpYyKmypy novek u nedeHu. Takum o6pazom, IKCmpakm cHblmu
06bikHOBeHHOU (1 2/k2), Hacmolika cHblmu 06bIkHOBeHHOU (5 MA/Ke, HO He 1 mMa/k2) u Hacmoli coopa «Apgpazemun»
(18 ma/k2) HOpMaau3yrom 2ucmocmpyKmypy novek u neyeHu Molulell ¢ a1/10KCaHo8bIM duabemom, npomugodelicmay-
10m pazeumuio HeKpo3a, a makaice 6eaAK0801 UHPUALMPpAYUU NOYEYHLIX KaHaAbYes. Haubos1ee nepcnekmuseH 04151 0a1b-
Hellwux ucc1ed08aHull 5KCMpakm cHblmu 06bIKHO8eHHOUl 6 do3e 1 2/ka.
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