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Abstract: Liver regeneration after two third partial hepatectomised of albino rat was studied
by *H Thymidine kinase assay (TK: EC 2.7. 1.21), mitosis count/1000 hepatocytes and
DNA content. TK, rate determining enzyme of DNA biosynthesis, was observed maxinmum
after at 24 h where as mitotic index and DNA content was observed maximum after 48 h
after partial hepatectomised albino rats. These results suggest that thymidine kinase and
mitotic cell division are an essential event in liver regeneration and can be used as a marker
of cell regeneration.
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INTRODUCTION

The mechanism regulating liver regeneration following two third partial hepatectomy has received
much attention as an ideal model to investigate the network of biological information. Liver regeneration
can be considered as a particular example of controlled tissue increase. Liver regeneration after partial
hepatectomy (PH) has been employed as an ideal model to investigate the regulatory mechanism of
cellular proliferation in vive (Tsukamoto and Kojo, 1989). Thymidine kinase (TK) catalyses the
transformation of thymidine to thymidine monophosphate {(TMP) in the presence of adenosine
triphosphate (ATP). TMP is transformed to triphosphate in several steps and then is incorporated
into DNA, since thymidine is incorporated in the phosphorylated form only.

Thymidine kinase uses as a substrate either exogenous thymidine from food or the endogenous
thymidine released by degradation. It has thus designated as a Safvage enzyme. TK activity is very low
in quiescent cells and increases dramatically during rapidly proliferative phases of eukaryotic cell
(Margeli ef al., 1996). In the rat liver regeneration following partial hepatectomy, the transition of the
hepatic cell form Go to G, phase may take place within 4 h and the second signaling from G, to 8
phase is assumed to occur at 10-12 h {Tsukamoto and Kojo, 1989). TK is a key enzyme in the salvage
pathway of nucleotide metabolism and catalyzes the first rate-limiting step in the synthesis of dTTP,
transfer of a gamma-phosphate group from a nucleoside triphosphate to the 5'-hydroxyl group of
thymidine, thus forming dTMP. TK is cytosolic and its activity fluctuates during cell cycle coinciding
with the DNA synthesis ratc and disappears during mitosis. This fluctuation is important for
providing a balanced supply of dTTP for DNA replication (Zhu et al., 2006). We conducted
experiments designed to provide an understanding of the regulatory role of TK in the activity of
mitosis cell division and DNA synthesis in regenerating liver.
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MATERIALS AND METHODS

The [Methyl-3H]| Thymidine (2 mci) was purchased from Board of Radioisotope Technology,
Mumbai, India and Durapore membrane filter, from Milipore, USA. Diphenyl amine and Tris
purchased from SRL, Mumbai, India. ATP, Marcaptoethanol and Phenyl Ethyl Sulphonyl Fluoride
were purchased from Sigma (St. Louis, MO, USA). Optiphase Hi safe scintillation cocktaill LKB
scintillation was purchased from FSA Laboratory (Lough Boorough, England LE 110 RG). Radio
isotope study was carried out at Nuclear Research Laboratory, Indian Veterinary Research Institute,
Izzatnagar, India. Male Wister rats weighing 200 to 250 g obtained from Laboratory Animal Resources,
Indian Veterinary Research Institute, Izzatnagar, UP, India and were maintained under temperature-
controlled rooms with 12 h alternating light and dark cycles were given adequate nutrition and water
ad libitum at Division of Physiology, ITVRI, Izzatnagar. All experimental protocols using animals were
performed according to the Principles of Laboratory Animal care (NTH, 1985) adopted with
instifutional animal ethical committee permission. Two-third parfial hepatectomy (PH) was performed
under diethyl ether anesthesia following the procedure of Higgins and Anderson, 1931 .The rats were
divided into three groups with 6 ammals each and studies were made at 24 h, 48 h and on 7th day post
operation intervals. Group I served non operated group, Group II served as only partial hepatectomy
(PH) At 24 h, 48 h and on 7th day liver samples were collected from each group and used for the
determination of enzyme activity of TK.

Analytic Procedure

The study carried out at Nuclear Research Laboratory, Indian veterinary Research Institute,
Izatnagar, India. Excised liver was homogenized with 5 volumes of 50 mM Tris-HCI buffer (pH 7.3)
containing 0.25 mM sucrose, 10 mM p-mercaptoethanol, 1 mM phenylmethylsufonyl fluoride and
1 mM EDTA. The supernatant fractions of liver homogenate centrifiiged at 36000 g for 30 min at 4°C,
was used for determining the enzymatic activity. Activity of TK was measured (Nakata ef af., 1985)
and expressed as pmol of product formed/min/mg of proteinat 37°C. DNA content was measured
by Diphenylamine reaction {Burton, 1956).The mitosis count were assessed histologically after
hematoxylin and eosin staining (H and E).The number of cells in metaphase was determined
1000 hepatocytes.

Statistics

The experimental data were expressed as mean+SD. The significance of difference among the
normal group and PH group were analyzed by means of one way ANOVA followed by Tukey’s post-
hoc test. p<0.05 was considered statistically significant.

RESULTS

Effect of PH on TK and DNA Level
The results of TK and DNA are shown in Table 1. The TK actions increased seven folds when
compared with normal activity (resting in Go state) at 24 h. At 24 h, the TK activity was found to be
maximum level when compared with 48 h and 7th day. DNA activity was found maximum at 48 h in
PH group when compare with other PH group at 24 h and 7th day.

Effect of PH on the Histopathology

After 24 h PH (Fig. 1) observed kuffer cell hyperplasia, karyomegali and anosocytois. Also some
mitosis was observed at periphery region.
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Tabk 1: TE DMA aid Bldoty fde s leve] after Partialhepate ctoprded aTb i rat lieer sfter 24 b 42 hoavd P day

TE kel DHA Dlitotic frdex
Pur aeters (Eroliniuing of orote i g of 1irer) [ Mltceis dEdeiom 1000 bhepatocytes)
Hoonalrats
] 202142060 3.1240 96 a
24h 21237060 3.65+] 0k a
48k 40 0745245 321472k a
T day T 4043 60 3 .5040 938 a
FHrads
0 42 104620 3 43105~ a
24h 203 TTL6 A6 4 6440 408 ltod
42k 160 28+3.07 58340 g4 2t d
T day Q1 5444 54 3.17H) 96 0tol

W lean ST 0= 6, * Sigpaficarity differerd froom noomal rat (pe000 1), & Signd i ard d¥ferert froom PHrat (pe=1.010

Fiz. |: Karmmegali, anosocytols and ritosis after 24 hof FH. (HE x 320}

Fig. 2. Anosoeytols, bimelear regeneative, swollen nuclews and mitosis observed at central ®gion
after 48 b of PH. (HIE x 320)

&fter 42 b ke patocyies show sorme regenerative appearance. [t was observed that hepatocsytes

were higher karymmegali and andsocytosis when corapaed to PH group at 24 b, Witosis also obse reed
higher rraber in periphery and central region (Fig. 2.
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Fig. 3: Mecrosis, occasionally showing fatty wacunles, acowrnnlated of erythor wes and weryr small
mitosis in the dilated sinusoids on Tth dayof FH. (H/E x 320)

O 7 th day after PH hepmtocytes were bi-mclear, swollen and some fatty wacuoles obgerwed.
Hepatocstes observed prkonitic condensed nucled, there was accwranlation of erythrocytes in the
dilated sieoids. Soree of the hepatocstes showed o voplasric vacuolation. Mo mitosis was obsered
in thiz stage (Fig. 3.

DISCUSSION

TE hasbeen showm to exhibit evhanced actvityat 24 hin 24 h PH rate. Sirdlar ohservation was
also fourd in our previous study (Chattopadhymsy ef @f, 20064). TE is almost urdetectable in non
proliferating tissues (Beltz, 1967). TE enzwne iz present in the cytosol of dividing cells during the Gl
to 5 phases and is not present inresting cells (Bormeansker and Netibonea, 100 Tn present oheervation
it 15 found that the mitosis cell divisiors were ircreased along with ircreased TE content. Inte restinglv
ot Tth day, TE. levels were mirarmrn and no rritosis was obeered. Chir presdons our shadies sugzested
that ti-indo thyrone (T3 (Chattopsadhsmsy of of |, 20068b) controlled proliferation ofhe patic cell. The
lineties of the wegeneratiee resyonse in Ivver cell after parfial hepatec tormy hasbeer well established.
It iz apparent that in fitet 12 b after PH, Yeypatocytes more from a state of qpuiescence enter the cell
oyl and progress toweard DML symthesis. DA symthesis starts 12-16 b after PH and reaches a peak
within 22-24 b, followed by a mitosis wave 6-2 blater. Second peak of DNA symthesis emerges at
42 b (Bonkovski of af, 1985). Tle peoliferatmee actbeation process guite symehronized. The
egenerative Inver is a syetern in which the cell eyele-dependent gene expression canbe exarined dining
a pheiologic growth movifre. Using this syeter, the e gulatory mechanisins for the periodic changes
in TE ac ity during cell cyele were revestizated i wive. The pre sent results ave coreistent with the
wigw that TR ard Mitofic cell drision ave marker during Imer cell regeneration. Thus, meamuretoe
of TE and ritogis connt rrasy be of 1 as an acourate and inexpenstve matrker of cell proliferation.
Further stadies are needed to evaluate the relatiee contibution and wlationship of gene which awe
thought to treobee in TEC activity v liver wgeneration.
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