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SU/MMARY

Septic shock was induced in se sen clinically healthy calves to evai-
uate its effect on blood and plasma volumes and haematocrit at
various stages of shock. Blood and plasma volume in later stages
of shock, declined significantly (P/__ 0.05) to 12.2% and 15.8%,
respectively from normal. Howe er, there was no appreciable change
in blood and plasma volumes .nd the haematocrit at initial stages
of shock. The rise in the haematocrit in the terminal stage was
negatively correlated with the lasma volume. These findings suggest
that the septic shock ir bov nes is hypovolemic in its terminal
stages. Moreover, the ch.nges observed in this investigation were
conspicuously dii‘erent from theo = recorded in other species.

INTRODUCTION

In attempts to clarify the patt physi llogical mechanisms in shock, much interest has
been devoted to the flow properties of “looc which is influenced by, apart from other factors,
the volume changes and changes in h  matc ~rit (BRANEMARK, 1968). As opposed to haemorr-
hagic shock, septic shock is considerec to | e narmovolemic (SIMEONE, 1969) but the haemo-
dynamic features associated with experimer al endotoxin shock in animals suggest it to be
contrary. Though limited studies on septic vock (SINGH nd KOHLI, 1980, SAHAY and KOHLI,
1982) and shock induced by direct administrzion of endotoxin (TIKOFF et al.,, 1965; ANDERSON
et al, 1973) in bovine hav: been conducted, there appears to be no study on the changes
occurring in blood and plasma volumes in sestic shock in this species. Endeavours of indirectly
approximating the blood volume by some ch nges in other blood parameters are futile. Though
the values of different constituents of bloi 4 alter ‘as a result of changes in blood volume
but these do not provide correct informatior on the blood and plasma volumes and may even
be misleading if haemoconcentration or hae odilution is present (SWENSON, 1970). Therefore,
it was imparative to studv the chanc=s in blood and plasma volumes directly, at different
stages of septic shock in bovines.
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MATERIAL and METHODS

Experiments were conducted on sev:n healthy, cross bred male calves of 1 to 11/2
years of age and weighing between 72 to 106 kg. The animals were maintained under uniform
feeding and managemental scheduie prior to the experimentation. For producing septic shock
a segment of jejunum (50 - 55 em in length) was strangulated after right flank laparotomy.
Venous drainage from this segment of jejunum was occluded while the arterial blood supply
was kept intact.

Blood samples for normal values of blood and plasma volumes and haematocrit were
collected just before the start of the experiment. Subsequent determination of these parameters
was done at early shock and late/terminal shock states, which were tentatively established
keeping in siew he prevailing haemdynamic status and clnical manifestations of each aimal
(SAHAY and KOHLI, 1983).

The plasma volume was estimated spectrophotomotrically by dye dilution method (GRE-
GERSON, 1944) using Evans blue dye (T- 1824). The haematocrit was measured by the method
of WINTROBE (1967). The true haematocrit was obtained by multiplying the haematocrit value
with correction factor (0.87). The blood volume was calculated by following formula:

100
Blood volume = Plasma volume X

100 - true haematocrit

RESULTS

The mean values + S.E. of different parameters in normal and at early and late/terminal
shock have been presented in Table (1).

Table (1)
Mean + S.E. of blood and plasma volumes and haematocrit in septic shock in calves.

Paranmeters Normal Early shock Late shock
Blood volume 69,3 67.5 so.a'
nl /kg + 1.57 + 1.86 + 2,17
Flasma volume 55.2 53.0 46, 5‘
rl /kg + 0,69 + 0,89 + 1,29
Haematocrit % 25.9 27.3 30.3

: 1.50 : 1.39 * 1.87

* Statistically significant (p/_0.05)

The decline in blood volume at early shock was marginal where the values diminished
to 67.5 mil/kg from the preshock value of 69.3 ml/kg. However at terminal shock there was
12.2% decrease in blood volume and t was statisically significant (P/__ 0.05).

Plasmz volume also evidenced statistically significant (P/__ 0.05) change where the
decline was 15.3% at terminal shock. The values decreased to 46.5 mil/kg at this stage when
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compared to preshock valus of 55.2 ml/kc. On  the contrary, haematocrjt exhibited a rise
at both the stages of shock 'Table 1).

DISCUSSION

The model used for p1 'ducing septic shock in this study has earlier been reported from
this laboratory (SINGH and <OHLI, 1980 and SAHAY and KOHLI, 1983). Administration of endo-
toxin intravenously has beer reported to nodify the properties of cell membrane in dogs
resulting into increased permeability of the cells (SOLOMON and HINSHAW, 1968). Further,
4s & response of endotoxaemia there is excessive synthesis and release of histamine as evide-
nced by increased histidine decarboxylase activity (HINSHAW et al. 1961). The characteristic
action of histamine explains a number of actions seen in endotoxaemic shock including hypote-
nsion, haemoconcentration, ntravascular fluid loss (KUIDA et al. 1958 and GILBERT et al,
1958). In this study, the . asuring shock was septic in nature which impliad overwhelming
sepsis leading to the releas of endotoxins in the system. Apart from it the direct action
of live bacteria is also contemplated contrary to the endotoxin administration. Bacteremia
and endotoxins evoke primary cell damage and result into increased cell permeability (GELIN
et al., 1980).

Normally capillries are permeable to smaller fractions of proteins and the intravascular
albumin equilibrates with that of intravascular albumin at measurable rates (DAWIDSON et
al. 1980). But in endotoxin shock, plasma sequestration in intestines as a result of ineres;:l_
capillary permeability leading to the escape of larer protein macromolecules in intestines in
low flow status (AUST et al, 1957) and even when portal vanous pressure is normal (CHIEN
et al, 1964), give sufficient evidence that decreased plasma volume in this study appears
to be associated with the loss of intravascu'ar colloids and proteins. The loss of plasma fluids
and proteins to extravascular space results into lowering of plasma protein concentration
and the total circulating plasma volume. Decreased total plasma proteins, albumin and globulin
has been observed in a similar model of septic shock (SINGH and KOHLI, 1980). Therefore,
it is postulated that the loss of plasma volume in septic shock in calves is probably due to
the integrated actions of live bacteria, endotoxins and histamine at the cellular level. The
magnitude of such loss (15.8%) in this study, however, was dramatically diferent from dogs
\67%) under intestinal shock (DAWIDSON et al., 1980) and this suggests a characteristic species
variation.

The rise in haematocrit values at late -shock indicated moderate haemoconcentratian.
This was probably due to combined effects of loss of plasma fluid from the circulation as
well as splenic contraction in response to late effectiveness of sympathetic stimulation as
observed in septic shock in calves. This rise in haematocrit at late shock stage (17%) was
almost inversely comprable to plasma loss (15.8%) at the same stage. However, this observtion
was in contrast to the findings in rats where loss of plasma volume (upto 55% in terminal
stage) in endotoxaemias in most cases had no correspondance with changes in haematocrit
‘SHAPIRO et al., 1958).

Though the loss in blood volume was significant, it was lesser in magnitude (12.2%)
45 compared to that of plasma volume loss at late shock stage. These could well be atributed
to the resulting increase in the haematocrit values at those stages. Further, the overall changes
in blood volume also sugest that the plasma loss was not associated with concomitant loss
of blood cells from the circultion in septic shock in calves of the present study. The moderate
Naemoconcentration observed in this study is different from the haemodilution observed in
naemorrhagic shock in buffalo calves (SOBTI et al, 1981). This probably was due to the
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divergence of the models and nature of shock.
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