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Abstract : Vincristine (VCR) is an established drug of choice in treatment
of some myelomas,  lymphomas and leukemias.  Hepatotoxici ty is  a  lesser
studied side effect  of the drug.  Samples of blood and other t issues were
collected for  morphological ,  biochemical  and histopathological  evaluation
2 and 24 hours  af ter  s ingle  in t ravenous  adminis t ra t ion of  1 .0  mg/kg of
VCR to male Albino Wistar rats. VCR produced weight loss; and elevated
serum alkaline phosphatase (515.20±356.22, P<0.05), SGPT (192.00±102.62,
P<0.05),  and SGOT (574.20±292.16, P<0.05) even after 24 hours of drug
adminis t ra t ion.  Though these  changes  were  most  severe  dur ing the  f i rs t
2 hours of VCR administration, they also persisted till 24 hours, which may
sugges t  a  poss ib i l i ty  of  an  en terohepat ic  c i rcu la t ion  of  the  drug  or  i t s
metabo l i t e s .  Th i s  was  complemented  wi th  morpho log ica l  d i s rup t ion  in
hepatocytes on light and electron microscopy including Scanning Electron

Microscopy and Transmission Electron Microscopy.
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INTRODUCTION

Vinca alkaloids such as vincristine (VCR)
and  v inb las t ine  a re  known to  d i s rup t
microtubule functions of the cell,  especially
in the mitot ic  spindle  apparatus  leading to
ar res t  o f  ce l lu la r  mi to t ic  d iv i s ion  in
metaphase  and  apoptos i s  (1–3) .  These
alkaloids are extensively used intravenously
in  the  t rea tment  o f  neoplas ia .  Fo l lowing
intravenous drug administrat ion,  i t  is  taken
up by hepatocytes. Most of the drug and its
metabol i tes  are  excre ted  v ia  hepato-bi l ia ry
route into the gut to be lost through faeces,
p roduc ing  gu t  s t ress  (4 ) .  Pharmacokine t ic

s tud ies  on  VCR have  shown i t s  b i -phas ic
serum decay pat tern  fo l lowing rapid  in t ra-
venous  admin is t ra t ion  which  sugges t s  i t s
en te rohepa t ic  rec i rcu la t ion  and  may  cause
exposure of hepatocytes to the alkaloids for
long durations of 6–7 days (5).

Hepa to tox ic  s ide  e f fec t  o f  VCR i s
enhanced  when  the  d rug  i s  admin is te red
concomi tan t ly  wi th  abdomina l  and  l iver
i r rad ia t ion  (6–8) .  VCR induced  hepa t ic
dysfunc t ion  might  a l t e r  the  e l imina t ion
kine t ics  and  increase  the  d rug-exposure
of  o rgan  augment ing  the  tox ic i ty  o f
a lkaloids .
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24  hours  a f te r  d rug  admin is t ra t ion
from remaining rats  of  Group 2 and Group
1 .  The  an imal  was  then  sacr i f i ced  by
exsangu ina t ion .

Biochemical studies : Blood sample from left
ven t r ic le  was  co l lec ted  for  es t imat ion  of
Serum Bi l i rubin ,  Alanine  Aminotransferase
(SGPT), Aspartate Aminotransferase (SGOT)
and  Serum Alka l ine  Phospha tase  (ALP)
on RA-50 semi auto-analyzer using diagnostic
reagen t  k i t  by  DiaSys  in te rna t iona l
(9, 10).

Morpholog ica l  s tudies

Liver sample : Tissue sections from left lobe
of  l iver  were  immedia te ly  p rocessed
separately for histological study under Light
and Electron microscope.

For  L igh t  microscopy  :  4  samples  were
randomly  se lec ted ,  2  f rom cont ro l s  and  2
f rom 24  hours  pos t  in t ra -venous  VCR
adminis t ra t ion .  Sample  were  f ixed  in  a
so lu t ion  of  fo rmal ine  (10%)  and  s ta ined
with Hematoxyl in  & Eosin to  be examined
under  l igh t  microscope  a t  40  to  100X
magnif icat ion.

For Electron microscopy  :  Samples of l iver
tissues were fixed according to the protocol
and were transported in phosphate buffer to
All India Institute of Medical Sciences, New
Delh i ,  to  be  eva lua ted  under  Scanning  &
Transmission Electron Microscopy (SEM and
TEM).

Stat i s t i ca l  ana lys i s

Stat is t ica l  analys is  was  performed wi th
One way analysis variance (ANOVA) followed
by  S tudent ’ s  “ t”  t es t .  The  resu l t s  were
expressed  in  mean ± SD.

In cl inical  pract ice ,  the effect  of  vinca
a lka lo ids  on  l ive r  i s  usua l ly  over looked
because  of  mul t i  d rug  reg ime for  the
t rea tment  o f  neoplas ia .  The  presen t
experimental study was undertaken to assess
the possible susceptibi l i ty of  hepatic t issue
to  VCR,  in  t e rms  of  morpholog ica l  and
funct ional  changes .

MATERIALS AND METHODS

The present  s tudy was conducted on 18
male Albino Wistar  ra ts  weighing 150–200
grams ,  fo l lowing  approva l  o f  E th ics
Commit tee  of  the  Himalayan  Ins t i tu te  o f
Medical Sciences. Rats were caged with 4–5
rats  per  cage,  in a well  venti lated room at
temperatures ranging between 28°C to 32°C
with normal day light. They had free access
to  f resh ly  p repared  d ie t  and  wate r .  The
animals  were  divided and caged separate ly
in two groups :

Group 1 : (n=6) as controls.

Group 2 : (n=12)  were  admin is te red
intravenously (iv) with VCR.

Exper imenta l  protoco l

Injectable aqueous VCR 1 mg/ml weight
by volume procured form Cipla ,  India  and
refrigerated at 2 to 8°C, was injected in the
tail vein in a dose of 1 mg/Kg body weight
in Group 2 rats.  The controls were injected
wi th  normal  sa l ine .

Serum and tissue samples for biochemical,
morphological and histopathological evaluation
were  co l lec ted  a f te r  anes the t iz ing  ra t s  by
in t raper i tonea l  in jec t ion  of  a  mix ture  o f
ke tamine  (50  mg/kg  of  body  weigh t )  and
xylazine (6.8 mg/kg of body weight) (21), 2
hours after  drug administrat ion from 6 rats
randomly  se lec ted  f rom Group  2 ;  and
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hepa tocy te  was  no t  v i s ib le  and  there  was
marked anisocytos is .

TEM sections (Table II) following 2 hrs
showed mild degree of  condensation of the
nuclear and cytoplasmic material and distinct
double layered membrane boundaries of the
organe l le  were  seen .  Fo l lowing  24  hrs  a
grea te r  damage  of  the  o rgane l les  were
recognizable.  There were definite breaks in
the double layered structure of the membrane
surrounding the  organel les  and the  nuclear
mater ia l  appeared  to  be  c lumped  which
suggested homogenization. The mean size of
the  ce l l  showed very  h igh ly  s ign i f ican t
difference from the control (P<0.001).

Hepatic function assay of both the groups
(Table  I )  showed s ta t i s t i ca l ly  s ign i f ican t
changes  in  enzyme leve l s  be tween  the
cont ro l  g roup  and  the  samples  taken  a f te r
24 hrs of drug injection, the SGOT and SGPT
being statistically highly significant (P value
<0.001).

RESULTS

The resu l t s  a re  summar ized  in  Table  I
and Table II. After 24 hrs of IV dose of VCR,
the  an imal  showed tox ic  fea tures  wi th
reduct ion in general  act ivi ty and decreased
appe t i t e .  On  opening  the  abdomen,
hyperemia  of  l iver  and  mesen te ry ,  f r i ab le
small intestine and stomach; with distention
of stomach in some cases were present. After
2  hrs  of  drug adminis t ra t ion,  l iver  sec t ion
in  l igh t  microscopy  (40X) ,  showed some
dis rup t ion  of  normal  a rch i tec ture  wi th
increased amount of kupffer cell  infiltration
and  a f te r  24  hrs  marked  d i s rup t ion  of
arrangement of cells with loss of sinusoidal
spaces and ballooning of the hepatocytes at
a l l  the  reg ions  of  t i ssue  was  seen  (Fig .  1
and 2).

SEM s tud ies  a l so  sugges ted  d i s rup t ion
wi th  ind i s t inc t  boundar ies  o f  hepa tocy tes
g iv ing  a  d i f fused  and  homogenous
appearance .  The  normal  shape  of  the

TABLE I : Hepa t i c  func t iona l  a s say  o f  con t ro l  r a t s  and  VCR admin i s t e red  ra t s  (n=18) .

Control iv 2 hours iv  24 hours Analysis of varience (P value)
(n=6) (n=6) (n=6)

Ctrl vs iv 2 hrs vs 24 hrs iv

S.  Bil  (mg/dl) 0 . 4 2± 0 . 2 0 0 . 6 5± 0 .22* 0 . 5 8± 0 .19* 0 .023* 0 .482
SGPT ( IU/L) 42 .17± 7 . 3 1 374 .67± 262 .42*** 192 .00± 102 .62*** 0 .0144** 0 .108
SGOT ( IU/L) 118 .5± 13 .61 4 1 4 8 . 6 7± 4292 .25** 574 .20± 292 .16*** 0 .022* 0 .0085**
S.Alk .P  ( IU/L) 183 .50± 36 .43 529 .17± 360 .28** 515 .20± 356 .22** 0 .0031** 0 .911

Values  a re  expressed  as  means±SD.
*P<0.05 ;  **P<0.01 ;  ***P<0.001 .
P  va lues  a re  compar i sons  be tween  con t ro l s  and  the  e f fec t  o f  iv  VCR.
A b b r e v i a t i o n s :
S .Bi l :  Se rum b i l i rub in .
SGPT - se rum g lu tamate  a lan ine  t r ansaminase .
S .Alk .P :  Se rum a lka l ine  phospha tase .
SGOT - Serum g lu tamate  oxa loace ta te  t r ansaminase .

TABLE II : Morphomet r i c  ana lys i s  (by  T .E .M. )  (n=18) .

Cell  size (nm) Nucleus size (nm) Organelle size (nm) Vacuole size (nm)

C o n t r o l s 8663 .315± 3 6 1 . 2 4 5 6210 .285± 806 .31 9 7 4 . 2 7 5± 49 .27 2 1 1 9 . 0 3± 6 8 2 . 5 3
iv VCR 16356 .825± 909 .118*** 6631 .8025± 959 .60 838 .1± 165 .15 5 6 0 . 2 9 5± 1 3 8 . 8 8

Values  a re  expressed  as  means±SD.
*P<0.05 ;  **P<0.01 ;  ***P<0.001 .

P  va lues  a re  compar i sons  be tween  con t ro l s  and  the  e f fec t  o f  iv  v inc r i s t ine .
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F ig .  1 : L igh t  Mic roscopy  in  con t ro l  g roup .

F ig .  2 : L igh t  Mic roscopy  in  d rug  g roup :  24  hours  a f t e r  VCR.
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DISCUSSION

Vinca alkaloids introduced in 1960’s are
ex tens ive ly  used  as  an t i -cancer  agen ts  by
virtue of their property to arrest cell division
in metaphase.  Many toxic  effects  of  Vinca
a lka lo ids  a re  now wel l  known inc lud ing
neuro log ica l  and  those  on  the  gas t ro -
intest inal  t ract .  The dangers  of  prescr ibing
these  an t i  cancer  agen ts  to  pa t ien t s  wi th
impai red  l iver  func t ion  a re  a lways
emphasized but hepato-toxicity of these drugs
is often overlooked (11–15).

Pharmacokine t ic  s tud ies  on  VCR have
demonstrated bil iary excretion as the major
route of elimination. Nearly 60–70% of the
administered drug gets excreted through bile
in to  the  gu t  lumen before  2–4  hours  o f
injecting the drug.  In some studies delayed
faecal elimination of VCR has been attributed
to  some degree  of  para ly t ic  i l eus .  En te ro
hepa t ic  c i rcu la t ion  and  subsequent
e l imina t ion  may  a l so  account  fo r  i t s
prolonged elimination (16, 17).

In  the  p resen t  s tudy ,  l igh t  microscopy
and electron microscopy (EM) shows that VCR
produces  a l t e ra t ions  in  the  morpholog ica l
features  of  hepatocytes  within  24 hours  of
drug administration which can be interpreted
as  l iver  damage.

The  observa t ions  ob ta ined  f rom EM
suggest that the VCR not only affect the cell
d iv i s ion  of  hepa tocy tes ,  they  a l so  g ross ly
d isorgan ize  the  a rch i tec tu ra l  pa t te rn  o f
t i s sue  inc lud ing  e las t i c  and  f ib rous  t i s sue
componen t s .

The  h i s to log ica l  p ic tu re  suppor t s  the
gross  observat ions.  Similar  patchy necrosis
in liver on autopsy of patients on therapeutic
dose of VCR was found by Coasta et al, but
surprisingly the hepatic function tests  were
in normal  l imits  (7) .  Steadman,  in  a  s tudy
on mouse,  fol lowing s ingle  intra-per i toneal

dose of VCR did not reveal hepatic necrosis,
but  enzyme levels  were  ra ised (18) .  James
e t  a l  r epor ted  cen t r i lobu la r  haemorrhag ic
necros is  fo l lowing Catharanthus  ext rac t  on
intra-gastr ic  adminis trat ion (19) .

In  the  p resen t  s tudy  a  s ign i f ican t
increase in mean serum bilirubin levels was
observed  on ly  in  2  h rs  pos t  i /v  d rug
administration. Similar results were reported
by  Nagi  e t  a l  in  the i r  s tudy  on  humans ,
following i/v VCR challenge (8). In contrast,
levels were within normal limits as reported
by Coasta et al (7).

Also, a highly significant rise in the SGPT
leve ls  was  seen  fo l lowing  2  hrs  o f  d rug
administration than as seen following 24 hrs.
James et al in their study on mammals found
a  s ign i f ican t  inc rease  in  SGPT fo l lowing
higher dose of the extract for 9 consecutive
days  (19) .  However ,  the  h i s topa tho log ica l
f ind ings  conf i rmed  the  morpholog ica l
disrupt ion in  the l iver  archi tecture  as  seen
in the present study. The study by Steadman
on mice  repor ted  a  s igni f icant  increase  in
SGPT leve ls  fo l lowing VCR but  in  h igher
dose to the present study (18). Study by Nagi
et al also reported similar increase in SGPT
leve ls  in  human sub jec t s  fo l lowing  VCR
challenge which returned to normal by 48th
day .

The  presen t  s tudy  a l so  repor ted  an
increase  in  the  levels  of  SGOT.  The same
was  a lso  observed by  Capel  e t  a l  in  the i r
study on rats following weekly dose of VCR
(20) .  S tudy  by  S teadman and  Har r i son  on
mice, following single dose of VCR observed
a  increase  in  l eve l s  which  was  seen  f rom
fi rs t  day  and remained h igh  t i l l  day  three
(18) .  However  s tud ies  on  human sub jec t s
revealed inconsistent findings as reported by
Coasta et al (7). A rise in the levels of SGOT
to two to six t imes the elevation in SGOT
values  was  repor ted  by  Nagi  e t  a l  (8 )
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following i/v VCR challenge on lung cancer
pa t i en t s .

The levels  of  SAlk.P were  consis tent ly
raised following drug administration in this
study. Similar studies attributed this rise to
sp i l l  over  o f  the  enzyme fo l lowing  VCR
toxici ty  of  gastro intest inal  epi thel ium and
cholestasis (8, 18, 19).

C o n c l u s i o n

The se rum enzyme markers  and
cor responding  h i s to log ica l  examina t ion
reflects l iver damage. The result  suggests a
s ign i f ican t  damage  in  hepa t ic  lobu les
fol lowing VCR administrat ion.  The damage
seems  more  severe  by  24  hrs  o f  iv  d rug
adminis t ra t ion which may suggest  a  longer
s tay  of  the  drug in  the  gut  and prolonged
activi ty of  the same and i ts  metaboli tes .

Studies with addit ional  drug dosage for
longer  dura t ion  of  t ime  in te rva l  wi l l  be
requ i red  before  the  overa l l  p red ic t ive
re l iabi l i ty  of  i t s  hepatotoxic  ef fec t  can  be
expressed  quant i ta t ive ly

Fur ther  s tudies  for  longer  durat ion and
di f fe ren t  rou tes  o f  admin is t ra t ion  a re
necessary to substantiate the toxic effect of
VCR on hepatic cells.
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