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Changes in blood chemis t ry and liver histopathology of 
rabbits dur ing exper imenta l te tanus toxicity 

O . A . S O F O L A A N D S . O . 1ZLESI1A 
Departments of Physiology and Morbid Anatomy. College of Medicine, University of Lagos, Lagos, Nigeria 

S u m m a r y 

C h a n g e s in b lood c h e m i s t r y , e spec ia l ly b l o o d 
g lucose , w e r e s tud ied in r a b b i t s d e v e l o p i n g 
t e t a n u s a f t e r i n j ec t ion of t e t a n u s tox in . B l o o d 
g lucose levels inc reased s ign i f ican t ly a b o v e 
con t ro l va lues a f t e r the a n i m a l s d e v e l o p e d 
t e t a n u s . T h e inc rease in g lucose level p a r a l l e l e d 
t h e dep l e t i on of liver g l y c o g e n , d e t e c t e d by 
m e a n s of P A S s ta in ing . T h e o b s e r v e d c h a n g e s 
w e r e not a f f e c t e d by a d r e n e r g i c r e c e p t o r b lock 
o r c a t e c h o l a m i n e d e p l e t i o n by r e s e r p i n e , 
sugges t ing n o n - m e d i a t i o n of t h e s y m p a t h e t i c 
n e r v o u s sys tem in the r e s p o n s e . A d i rec t a c t i on 
of the toxin on t h e l iver , in i t ia t ing g l y c o g e n 
d e p l e t i o n , is be ing p o s t u l a t e d . 

In t roduc t ion 

Pat ients su f fe r ing f r o m t e t a n u s h a v e b e e n 
shown to exhibi t c h a n g e s in s o m e of t h e 
chemical cons t i t uen t s of the i r b l o o d . T h e re-
por ted c h a n g e s inc lude inc reases in s e r u m 
crea t in ine p h o s p h o k i n a s e - C P K a n d s e r u m 
t r a n s a m i n a s e s - S G O T a n d S G P T ( B a d e m o s i , 
1979; C h i o - K a n g & H a n n a , 1980). 

It has also been r e p o r t e d tha t s o m e of t h e s e 
pat ients d o d e v e l o p ra ised b l o o d g l u c o s e levels 
(Kloetzel , 1963; B a d e m o s i , 1979) a n d t ha t t h e 
glucose level a lso a p p e a r s t o c o r r e l a t e wi th t h e 
severity of the d isease ( B a d e m o s i , 1979). H o w -
ever it has been sugges t ed t ha t the ra i sed b l o o d 

Correspondence: Dr C). A. Sofola, Department of 
Physiology, College of Medicine, University of 
Lagos, P.M B. 12003. Lagos, Nigeria. 

Abbreviations used: Serum Glutamic Oxaloacetic 
Transaminase (SGOT), Serum Glutamic Pyruvic 
rransaininasc (SGPT), Periodic Acid Schiff reaction 
(PAS). Generalized Tetanus (GT) and Local Tetanus 
(LT). 

g lucose levels o b s e r v e d in these pa t i en t s may 
h a v e b e e n d u e to the use of i n t r avenous 
s o l u t i o n s , c o n t a i n i n g g lucose , du r ing the pro-
cess of t r e a t m e n t (Kloe tze l , 1963). 

In t h e p r e sen t s t udy , we have induced t e t a n u s 
in r abb i t s by in jec t ing t e t a n u s toxin , while 
d e t e r m i n i n g c h a n g e s in the b lood chemis t ry of 
t h e s e r abb i t s wi th par t icu la r e m p h a s i s on 
c h a n g e s in b l o o d g lucose level. In add i t i on , 
a t t e m p t s w e r e m a d e t o s tudy the m e c h a n i s m s 
involved in t h e b lood sugar c h a n g e s and this 
i nc luded his tological e x a m i n a t i o n of the liver. 

M a t e r i a l s a n d m e t h o d s 

E x p e r i m e n t s w e r e ca r r i ed out on th i r ty- two 
m a l e a n d f e m a l e rabb i t s weigh ing b e t w e e n 1.5 
a n d 2 . 0 kg. T h e r abb i t s w e r e inb red s t ra ins 
o b t a i n e d f r o m the an ima l house of the Col lege 
of M e d i c i n e , Lagos , a n d w e r e fed on no rma l 
r abb i t pe l l e t s a n d w a t e r . B lood was o b t a i n e d 
f r o m t h e a n i m a l s which w e r e fas ted for 12-14 h , 
by in se r t i ng a 21 G n e e d l e into the middle 
a r t e r y of the e a r . A b o u t 6 c m 3 of b lood was 
o b t a i n e d in to h e p a r i n i z e d t u b e s for b lood 
c h e m i s t r y ana ly se s . T h e s e b lood samples se rved 
as t h e c o n t r o l . T h e r abb i t s w e r e t h e n in j ec t ed , 
s u b c u t a n e o u s l y in t h e g r o i n , wi th t e t a n u s toxin 
(Swiss S e r u m a n d Vacc ine Ins t i tu te , Be rne ) at a 
d o s e of 2000 M L D / k g body weight . T h e an imals 
d e v e l o p e d local t e t a n u s , cha rac t e r i zed by rigid-
ity of t h e i n j e c t e d l imb wi th in 18 h fo l lowed by 
g e n e r a l i z e d t e t a n u s , cha rac t e r i z ed by spasms , 
in a b o u t 30 h . T h e n a n o t h e r 6 cm* of b lood was 
t a k e n f r o m e ight of the rabb i t s wi th genera l ized 
a n d six wi th local t e t a n u s . All b lood samples 
w e r e t a k e n in all r a b b i t s fas ted for 12-14 h . T h e 
b l o o d a n a l y s e s w e r e ca r r i ed out in the clinical 
c h e m i s t r y l a b o r a t o r y of the Lagos Univers i ty 
T e a c h i n g Hosp i t a l . T h e b lood was ana lysed for 
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sod ium ( N a + ) , potass ium ( K + ) , ch lor idc (C l~) , 
b i ca rbona te ( I ICO3) , u r ea , s c r u m c rea t i n ine , 
S G O T , S G P T and b lood glucosc. G lucose 
levels were de t e rmined by the glucosc ox idase 
m e t h o d . 

T h e rabbi ts were killed by cervical co rdo -
tomy and por t ions of the liver were exciscd and 
fixed in 10% formal in for subsequen t histo-
logical s tudy. Six rabbi ts that were not in jec ted 
with t e t anus toxin also have their livers f ixed for 
histology and these served as cont ro l for c o m -
parison with livers f r om the t e t anus rabbi t s . 

Histopathological examina t ions w e r e car r icd 
out on two representa t ive sect ions t aken f rom 
constant sites in the right and left lobes of the 
liver in each rabbi t . These were fixed in 10% 
formalin solution and some of o u r sect ions w e r e 
fixed in cold acctic acid-formalin in 9 5 % 
alcholol sa tura ted with picric acid to assess the 
polarizat ion that usually occurs a f t e r t issue 
f ixat ion. T h e sections were then p r epa red for 
paraff in embedding . Th in (5 \i) cryostat sec-
t ions were stained with haematoxyl in and eosin 
( H & E ) and periodic acid Schiff reagent wi thout 
and with diastase (PAS & P A S D respectively) . 
Selected sections were also stained with Masson 
Tr i ch rome and Gordon sweet rcticulin re-
agents . T h e sections were examined u n d e r light 
microscope at both low ( x l O objec t ive) and 
high ( x 4 0 object ive) power magnif icat ions. 

In a fu r the r s tudy, twelve rabbi ts were 
divided into three groups of four rabbi ts each . 
T h e first group was given reserpine (Serpasil , 
C I B A ) 3 mg/kg on day 1 and 1.5 mg/kg on days 
2 - 4 (Sofola et al., 1981). Te tanus toxin was then 
injected in these rabbits on day 3. In the second 
g roup , phenoxybenzamine (Dibenyl ine , Smith , 
Kline & French) 2 mg/kg body weight , was 
adminis tered every 1 2 h f o r 2 - 3 days and in the 
third groups , propranolol ( Indera l , ICI) 2 
mg/kg was also given every 12 h for 2 - 3 days . 

T e t a n u s was induced in all three groups of 
rabbits as described earlier. In these groups , 
control levels of blood glucose were also 
de te rmined just before injecting the t e tanus 
toxin. Af t e r the rabbits had developed general -
ized te tanus , samples of blood were also ana-
lysed for blood glucose concentra t ion . In addi-
tion the livers of these rabbi ts were examined 
histologically. 

Results 

Blood chemistry 

(a) Changes in rabbits with generalized 
tetanus. T h e exper imenta l an imals in jec ted with 
t e t a n u s toxin deve loped symptoms of genera l -
ized t e t anus charac ter ized by spasms. In these 
rabbi t s t h e r e were significant increases in the 
b lood glucosc level as well as level of the s e r u m 
t r ansaminases ( S G F r ) . Blood glucose in-
c reased f rom average control value of 98 m g % 
to 175 m g % ( P < 0.001) while S G O T increased 
f r o m 38 to 68 unit/ml (P < 0.001) a n d S G P T 
f rom 45 to 62 unit/ml (P < 0.025) . T h e r e w e r e 
n o significant changes (P > 0 .1) in t h e o t h e r 
p a r a m e t e r s m e a s u r e d i .e . b lood u r e a , s e r u m 
c rea t in ine , a lka l ine p h o s p h a t a s e , s o d i u m , 
po ta s s ium, chlor ide a n d b i ca rbona t e . T h e s e 
results a re s u m m a r i z e d in T a b l e 1. T h e con t ro l 
values of all the p a r a m e t e r s a r e wi th in the 
n o r m a l limits descr ibed for r abb i t s in this 
e n v i r o n m e n t ( A d e w o y e , 1981). T h e resu l t s of 
t h ree rabb i t s whose b lood h a e m o l y s e d w e r e 
excluded f rom the analysis. 

(b) Effect of reserpine or sympathetic blockers 
on changes in blood glucose level in rabbits with 
generalized tetanus. Rese rp in iza t ion o r p r i o r 
adminis t ra t ion of e i ther p r o p r a n o l o l (a b e t a -
b locker ) o r p h e n o x y b e n z a m i n e (an a l p h a -
b locker ) had no significant e f fec t on the r ise in 
b lood glucose level seen in t h e r abb i t s t h a t 
deve loped genera l ized t e t anus . In t h e r e se rp i -
nized rabbi ts , b lood glucose i nc reased f r o m 
average con t ro l value of 81 m g % to 113 m g % 
(60 .2% increase) . Similarly in t h e r a b b i t s a d m i -
nis tered with p rop rano lo l , it inc reased f r o m 109 
m g % t o 187 m g % (71 .6% inc rease ) a n d in 
those with p h e n o x y b e n z a m i n e , it a lso i nc reased 
f rom 104 t o 185 m g % (77 .6% inc rease ) ( T a b l e 
2) . T h e s e increases were not s ignif icant ly d i f f e r -
ent ( P > 0 . 1 ) f rom those of the r a b b i t s wi th 
te tanus , which were not admin i s t e red wi th any 
drug. 

(c) Blood glucose levels in local tetanus. In 
four of the six rabbi ts s tudied at t h e s t age of 
local t e tanus , the re were also increases in b l o o d 
glucose level f rom control values. T h e a v e r a g e 
increase was f rom 99 m g % to 125 m g % ( 2 6 . 2 % 
increase) which was significant (P < 0 .025) 
(Table 3). However , this increase in b l o o d 
glucose dur ing local te tanus was lower t h a n t ha t 
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Tetanus toxin and hyperglycaemia 

Table I. Changes in b lood chemist ry of rabbits with generalized tetanus 

Blood const i tuent C G T n P 

Blood glucose 
(mg/100 ml) 98 + 7 175 + 12 7 < 0.001 

S G O T 
(units/ml) 38 ± 4 68 ± 6 4 < 0.001 

S G P T 
(units/ml) 45 ± 3 62 ± 3 4 < 0.25 

Serum alk. phospha tase 
(units/ml) 6 .0 ± 1.0 6.4 ± 1.2 4 N.S. 

Serum creat in ine 
(mg/100 ml) 1.05 ± 0.2 1.03 ± 0.2 5 N.S 

Blood urea 
(mg/100 ml) 47 ± 2 49 ± 4 6 N.S. 

Scrum Na* 
(mEq/ l ) 140 ± 1 143 ± 2 4 N.S. 

Serum K* 
(mEq/ l ) 3 .7 ± 0.2 3.9 ± 0.2 4 N.S 

Scrum CI 
(mEq/ l ) 104 ± 1 107 ± 2 4 N.S. 

Serum I ICO3 
(mEq/ l ) 16.8 ± 1.2 17.2 ± 1.0 4 N.S. 

C = control values. 
G T = values in the rabbi ts on developing generalized tetanus. 
P = f rom paired t test. 
N.S. = not significant. 

Table 2. Blood glucose changes in rabbi ts with prior administrat ion of reserpine, 
phenoxybenzamine or propranolol 

Blood glucose (mg/100 ml) 

Drug C G T n P % change 

Reserpine 113 ± 6 181 ± 9 4 < 0.001 60.2 
Phenoxybenzamine 104 ± 8 185 ± 5 4 < 0.001 77.6 
Propranolol 109 ± 7 187 ± 19 4 < 0.025 71.6 

Legends as in Table 1. 
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Table 3. Changes in blood glucosc levels in rabbits 
developing local tetanus (LT) 

Blood glucose (mg/HM) ml) 

Rabbit No. C T 

LT, 88 131 
LT, 109 128 
LT, 103 123 
l t 4 95 118 

Mean 99 125 
s.c. 3.9 4.9 
/-paired 5.3783 
P < 0.025 

C = Control values. 
T = Value during local tetanus. 

s t a in fo r g lycogen ( P A S ± D ) revealed patchy 
loss of g r a n u l e s in t h e hepatocytcs. The 
p e r c e n t a g e of h e p a t o c y t c s s ta in ing negatively in 
t h e r a b b i t s w i th local t e t a n u s was fewer than in 
t h o s e wi th g e n e r a l i z e d t e t a n u s (Fig. 2c). The 
t w o o t h e r r a b b i t s tha t w e r e left to progress to 
g e n e r a l i z e d t e t a n u s s h o w e d the same degree of 
g l y c o g e n d e p l e t i o n a s in t h e earlier series of 
r a b b i t s w i th g e n e r a l i z e d t e t anus . 

Effects on muscle glycogen 

S a m p l e s of ske l e t a l m u s c l e f r o m the uninjected 
t h i g h , of f o u r r a b b i t s t ha t deve loped general-
ized t e t a n u s , w e r e a l so s ta ined with PAS. 
H i s to log i ca l e x a m i n a t i o n did not reveal any 
d i f f e r e n c e s in m u s c l e g lycogen content between 
t h e t e t a n u s a n d t h e c o n t r o l rabbits . 

s een in the r a b b i t s d e v e l o p i n g g e n e r a l i z e d 
t e t a n u s (P < 0 .05 ) . T w o of t h e r a b b i t s w e r e 
a l l owed t o p r o g r e s s t o t h e s t age of g e n e r a l i z e d 
t e t a n u s a n d b l o o d g lucose levels w e r e d e t e r -
m i n e d . In o n e of t he se r abb i t s , t h e c o n t r o l 
g lucose level w a s 109 n i g % , rose to 128 m g % at 
t h e s t age of local t e t a n u s a n d to 191 m g % at 
g e n e r a l i z e d t e t a n u s . T h e c o r r e s p o n d i n g va lue s 
in t h e s e c o n d rabbi t w e r e 95 m g % ( c o n t r o l ) , 
118 m g % (local t e t a n u s ) a n d 175 m g % 
(gene ra l i zed t e t a n u s ) respec t ive ly . 

Histopathological changes in the liver 

(a) Rabbits with generalized tetanus. T h e 
m a i n f indings o n light mic roscopy wi th H & E 
s ta in w e r e a c u t e conges t i on of the s inuso ids a n d 
b a l l o o n i n g d e g e n e r a t i o n of t h e h e p a t o c y t c s in 
r a n d o m fa sh ion ( z o n e I—111 focal ly (Fig . 1)). 
P A S stain shows scanty g r a n u l e s mainly in 
h e p a t o c y t c s in z o n e III a n d focal ly in t hose in 
z o n e II (Fig. 2a ) , w h e n c o m p a r e d with n o r m a l 
c o n t r o l r abb i t s (Fig. 2b) . T h e con t ro l r abb i t s 
which w e r e not a d m i n i s t e r e d with t h e tox in 
s h o w e d posi t ive g lycogen g r a n u l e s in all 
h e p a t o c y t c s . T h e g r a n u l e s w e r e r e m o v e d by 
d ias tase c o n f i r m i n g t h e m to be g lycogen . T h e 
P A S nega t ive cells w e r e ma in ly in z o n e s II a n d I 
( m i d z o n a l a n d p e r i p o r t a l ) whi le t h o s e a r o u n d 
t h e cen t r a l vein w e r e least a f f e c t e d . 

(b) Rabbits with local tetanus. H & E s ta in did 
not s h o w any a b n o r m a l i t y . H o w e v e r , specia l 

Discuss ion 

T h e r e su l t s of t h e p r e s e n t expe r imen t s have 
e s t a b l i s h e d t ha t in r a b b i t s deve lop ing tetanus 
a f t e r a d m i n i s t r a t i o n of t h e tox in , the fasting 
b l o o d g l u c o s e level is e l e v a t e d . Similarly, there 
a r e a l so i n c r e a s e s in t h e s e r u m transaminases. 
T h e i n c r e a s e in S G O T a n d S G P T have been 
r e p o r t e d e a r l i e r a n d t h e r e a r e suggestions that 
t h e s e m a y b e d u e t o d a m a g e to the liver or 
ske l e t a l m u s c l e ( G h a n e m et al., 1973; Chio-
K a n g & l l a n n a , 1981). 

A l t h o u g h b l o o d g l u c o s e has been shown to 
be i n c r e a s e d in h u m a n p a t i e n t s with tetanus 
( K l o e t z e l , 1963; B a d e m o s i , 1979), there has 
b e e n n o r e p o r t to o u r k n o w l e d g e , of any study 
of t h e p r o b a b l e m e c h a n i s m s involved. In fact in 
o n e s t u d y t h e use of i n t r a v e n o u s glucose during 
t h e r a p y in t h o s e p a t i e n t s has b e e n implicated as 
t h e c a u s e of t h e e l e v a t e d b l o o d level (Kloetzel. 
1963). H o w e v e r s ince we h a v e not given added 
g lucose t o t he se r abb i t s , this source cannot be 
an e x p l a n a t i o n . A m e c h a n i s m which was envis-
a g e d w a s t ha t of i n c r e a s e d sympa the t i c activity. 
I n c r e a s e d act ivi ty of t h e sympa the t i c nervous 
s y s t e m in t e t a n u s p a t i e n t s has been well des-
c r i b e d ( K e r r et al., 1968; C o r b e t t et al., 1969). 
T h i s h a s a lso b e e n d e m o n s t r a t e d in ex-
p e r i m e n t a l a n i m a l s i n j e c t e d with te tanus toxin 
a n d is c h a r a c t e r i z e d by an increase in blood 
p r e s s u r e , h e a r t r a t e a n d card iac contractility 
( O d u s o t c & S o f o l a , 1976; Sofola SL Odusote. 
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Fijj. I. Section of liver showing ballooned hcpatocytes with rarefaction of the cytoplasm ( l l&E stain x|()(l) 

1982). Increased sympa the t i c activity l ibe ra tes 
ca techolamines which a rc g lycogenolyt ic ( B u r n , 
1975). However , pr ior dep le t ion of body 
catecholamines with r e se rp ine or a d r e n e r g i c 
block with propranolo l o r p h e n o x y b e n z a m i n e 
did not appreciably a l ter the hype rg lycaemic 
effect of t e t anus toxicity in these rabbi ts . 
Although g l y c o g e n o s i s is a b e t a - a d r e n e r g i c 
effect in most species , in the rabbi t it is an 
a lpha-adrenerg icef fec t ( B u r n , 1975), h e n c e the 
use of phenoxybenzamine . T h e lack of e f fec t of 
all these agents practically e l imina tes the 
mediation of the increase in b lood glucose by 
increased sympathe t ic activity. 

The present s tudy has shown that du r ing 
tetanus toxicity, the increase in b lood g lucose is 
associated with glycogen dep le t ion in the liver. 
This is fur ther shown by the p resen t obse rva -
tion that in local t e t anus , the increase in b lood 
glucose level and hepat ic g lycogen dep le t ion is 

not as m a r k e d as those seen in rabbi ts with 
genera l ized te tanus . 

This p robab ly represen t s a progression of the 
e f fec t s of t e t anus toxicity with severi ty of the 
d isease . It is t he re fo re reasonable to assume 
that the hypcrg lycacmia seen in t e t anus toxicity 
is d u e largely to hepa t ic g l y c o g e n o s i s . T h e 
m e c h a n i s m for this is not very clear . Wha t we 
have obse rved a rc that hepa tocy tes a r o u n d 
zones II and 1 i .e. mid-zonal and per ipor ta l are 
largely a f fec ted while those in zone III ( a round 
t h e cen t ra l vein) a re least a f f ec ted . This may 
suggest a h u m o r a l fac tor which is di f fusing f rom 
the ar ter ia l b lood to affect the su r round ing cells 
i .e . pe r ipo r t a l cells. Wha t this factor is, we are 
not ab le to ascer ta in as yet . In o rde r to observe 
if the so-called ' s t r eaming ' effect (polar izat ion) 
of g lycogen th rough the cell with the fixative 
was significant in o u r expe r imen t s , we tr ied the 
m e t h o d of Lison and V o k a e r (1949) with 
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Fig. 2. (a) Section of liver from a rabbit with generalized tetanus. Positive glycogen granules are seen in only a 
few hepatocytcs (PAS x400); (b) Section of liver from control rabbit showing abundant glycogen granules in all 
the hepatocytcs. These granules were removed by diastase digestion, (c) Section of liver from rabbit with local 

tetanus showing moderate depletion of glycogen granules (PAS x4(X)). 
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f ixat ion in co ld acc t i c a c i d - f o r m a l i n in 9 5 % 
a lcoho l s a t u r a t e d wi th picr ic acid wi th s o m e of 
o u r sec t ions . W e d id no t o b s e r v e a n y a p p r e c i -
ab le d i f f e r e n c e in ' s t r e a m i n g ' w h e n c o m p a r e d 
wi th o u r th in c r y o s t a t s e c t i o n s f ixed in f o r m a l i n . 
W e be l i eve t h a t o u r m e t h o d , wi th t h e p r e c a u -
t ions m e n t i o n e d a b o v e , g ives t h e g lycogen 
d i s t r i bu t ion in t h e rabb i t l iver a s a c c u r a t e l y a s 
poss ib le . A s h a s b e e n e m p h a s i z e d by O c k e r -
m a n (1967) , t i ssue s t a in ing of g lycogen at bes t is 
a s e m i - q u a n t i t a t i v e m e t h o d . 

T h e r e a r e o t h e r poss ibi l i t ies a p a r t f r o m 
h e p a t i c g lycogenolys i s t ha t m a y b e c o n t r i b u t o r y 
to t h e h y p e r g l y c a e m i a . O n e of t h e m is t h e fact 
tha t s p a s m s m a y lead t o i nc reased g lucose 
r e l ea se by t h e musc les . H o w e v e r , this is no t 
likely t o be t h e c a u s e s ince mild t o m o d e r a t e 
levels of musc l e c o n t r a c t i o n s invar iab ly a r e 
a s soc i a t ed m o r e wi th g lucose u p t a k e by the 
musc le s a n d in s e v e r e cases m a y lead t o an 
ac tua l fall in b l o o d g lucose levels ( W a h r e n , 
1977). In a d d i t i o n , t h e o b s e r v a t i o n tha t the 
h y p e r g l y c a e m i a a n d h e p a t i c g lycogen d e p l e t i o n 
o c c u r s in local t e t a n u s , w h e r e s p a s m s h a v e not 
set in , will no t s u p p o r t t h e t h e o r y of i nc reased 
m u s c u l a r act iv i ty . Las t ly , o u r his tological f ind-
ings d id no t i nd i ca t e musc le g lycogen b r e a k -
d o w n . A n o t h e r possibi l i ty is tha t t e t a n u s , b e i n g 
a s t r e s s fu l cond i t i on m a y lead to a rise in s e r u m 
Cortisol levels which can inc rease b l o o d g lucose 
by g l u c o n e o g e n e s i s . H o w e v e r , this is no t likely 
to be assoc ia ted wi th g lycogen d e p l e t i o n in the 
l iver, a l t h o u g h it m a y r e m a i n a c o n t r i b u t o r y 
fac to r t o the o b s e r v e d h y p e r g l y c a e m i a , bu t this 
h a s no t b e e n p r o v e d in t h e p r e sen t exper i -
men t s . 

In conc lus ion we have s h o w n tha t in r abb i t s 
deve lop ing t e t a n u s a f t e r a d m i n i s t r a t i o n of t e ta -
nus tox in , b l o o d g lucose level is e l e v a t e d and 
this is assoc ia ted wi th h e p a t i c g lycogen d e p l e -
tion sugges t ing this t o be t h e m a i n s o u r c e of the 
ext ra g lucose in the b l o o d . T h e m e c h a n i s m by 
which hepa t i c g lycogen is d e p l e t e d r e m a i n s t o 
be e luc ida ted . 
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