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ABSTRACT

Fifteen apparently healthy male buffalo calves aged between 6 months to one year with body
weight range of 70 - 140 Kg divided into 3 groups of 5 buffalo calves each were used in the
present investigation. Endotoxic shock was produced by IV infusion of Escherichia coli
endotoxin @ 5 ug/kg BW/hr for 3 hours followed by administration of three different
treatment regimens comprising of intravenous infusion of hypertonic saline solution(HSS)
@ 4 ml/Kg bw, flunixin meglumine @ 1.1 mg/Kg bw and blood @ 20 ml/Kg bw to group-I,
HSS, Dextran-40 and Flunixin meglumine to group-II and HSS, Dextran-40, whole blood
and Flunixin meglumine to group-III with the objectives to study the major phy-
sio-pathological changes during induced endotoxemia in buffalo calves and to compare the
effects of different treatment options to find out the best treatment option out of the three
combinations. All the animals were further observed up to day 2 or death whichever was
earlier. Endotoxin infusion to all the animals caused symptoms of restlessness, respiratory
distress, snoring, diarrhoea, profuse salivation along with the significant hypoproteinemia,

hypoalbuminemia, hypoglobulinemia, hypokalemia and hypocalcemia. The treatment with
HSS, flunixin meglumine and blood infused as one time infusion to these endotoxemic buf-
falo calves not only alleviated the above mentioned symptoms but also significantly raised
the circulating albumin level at 5.5 hrs and day 2 and Fibrinogen level at day 2 of observa-
tion. A significant hypocalcaemia was observed at 4.5 hours along with an increase in Alka-
line Phosphatase at 3.5, 4.5 and 6.5 hrs. All the endotoxemic buffalo calves which died were
subjected to post mortem and histopathological studies. Epicardial and endocardial hae-
morrhages, haemorrhages on intestinal mucosa, congestion, haemorrhages, emphysema and
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fibrinous thrombi in microvasculature of lungs were salient histopathological findings. On
comparison with observations of the other treatment regimens tried, it was found that the
IV infusion of the combination of HSS, Flunixin meglumine, Dextran-40 and blood was
found to be the most effective leading to full recovery of 3 out of 5 buffalo calves of
group-III where as only 1 out of 5 animals recovered in group-II. None of the group-I ani-
mals recovered and all of these succumbed to shock after day-2.

1. INTRODUCTION

Septic or endotoxic shock is an acute circulatory failure occurring in the presence of severe infection
and represents an imbalance between the body’s oxygen demands and supply. It is principally of the dis-
tributive type, although cardiogenic and hypovolemic components may also be involved [1]. Endotoxin is
an integral component of the outer membrane of gram-negative bacteria and the effects of exposure of
host cells to it include the uncontrolled release of cytokines and eicosanoids, kinins and other short, me-
dium and long-term reactants that upset the balance between proinflammatory and anti-inflammatory
pathways, causing hypotension, disseminated intravascular coagulation, abortion and death [2]. Endo-
toxemia is a life threatening inflammatory condition, which can lead to shock, multiple organ failure, sup-
pression of immune system and wound-healing processes [3].

Treatment of endotoxemia is difficult because of the numerous mediators involved. There are three
possible approaches in treating endotoxemia. The interaction of endotoxin with target cells can be blocked
by inducing tolerance, decreasing plasma endotoxin concentrations, or interfering with endotoxin binding
[4]. NSAIDS inhibit the production of eicosanoids and TXA-2. Among NSAIDS, Flunixin meglumine is
the most effective and is anti-endotoxic at doses much lower than those required for analgesia. Endotox-
emia also leads to protein loss and reduced colloidal oncotic pressure. According to [5], there are five the-
rapeutic approaches in the treatment of endotoxemia, including prevention of the synthesis, release or ac-
tion of inflammatory mediators, prevention of endotoxin induced cellular activation and general suppor-
tive care with intravenous (I/V) fluids or colloids and ionotropic agents.

The present investigation was planned with the objectives to study the major physio-pathological
changes during induced endotoxemia in buffalo calves and to compare the effects of different treatment
options to find out the best treatment option out of the three combinations. These studies could also be
extrapolated and be useful for finding suitable therapeutic regimens applicable in other species of animals
and man.

2. MATERIAL AND METHODS

Fifteen apparently healthy 6 months to one year-old male buffalo calves with body weight range of 70
- 140 Kg were used in the present investigation. These calves were kept under the good managemental
conditions as are practiced at the dairy farm, COVS, GADVASU, Ludhiana. All the animals were
de-wormed and vaccinated against Haemorrhaegic Septicemia well before the start of experiment.

The Endotoxin' was reconstituted by dissolving it in normal saline solution (0.9%NaCl) to make a
stock solution of 1mg/ml. Endotoxin concentration of 5 pg/ml was prepared by dissolving 1 ml of stock
solution in 199 ml of normal saline to make a total volume 200 ml. The endotoxin was then infused intra-
venously through jugular vein @ 5 pg/kg BW/hr for 3 hours, followed immediately by a rapid infusion of
hypertonic saline solution(HSS) @ 4 ml/Kg body weight, Flunixin Meglumine @ 1.1 mg/Kg body weight &
blood @ 20 ml/Kg Body weight as one time infusion. The animals were casted in right lateral recuambency
on operation table. Before endotoxin infusion, an area over jugular furrow was shaved and disinfected
with savlon. The local anesthetic Lignocaine (2%) @ 90 - 120 ml was injected subcutaneously and in-
tra-muscularly before catheterization of the jugular vein and the carotid artery. The blood samples from

! Escherichia coli endotoxin Lyophilized (Phenol extracted) 0111:B4 lipopolysacharide, SSIGMA Chemicals U.S.A.
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jugular vein of the endotoxemic buffalo calves were collected in heparin immediately before and after 1.5,
2.5, 3.5, 4.5, 5.5, 6.5 hrs of the start of endotoxin infusion, followed by samples at 24 hr of last sample of
day 1, up to 2™ day. The following physiological constituents like the plasma Total Protein, acute phase
proteins like Albumin, Fibrinogen, Globulin, Alkaline phosphatase, Creatinine, Glucose, Sodium, Potas-
sium, Calcium and Phosphorus were estimated by Dry stat clinical dry chemistry analyser’. Plasma Fi-
brinogen was estimated using a portable refractometer by comparing the protein in non-heated plasma
and that in the respective sample heated to 56° to 58° Celsius for 3 minutes [6]. The data so generated was
pooled & analysed with CRD Anova [7]. All the values obtained were compared with the normal
pre-infusion values within the group. The trends of the present investigation were compared with other
treatment combinations Ze., group-II consisting of HSS, Dextran-40 and Flunixin meglumine and
group-III consisting of HSS, Dextran-40, whole blood and Flunixin meglumine to find out the most suita-
ble treatment regimen. All those animals who died consequent to endotoxemia were subjected to the post
mortem examination for gross lesions and the tissues were collected in 10 % NBF (Neutral Buffered Sa-
line) for studying the histo pathological changes.

3. RESULTS AND DISCUSSION

The results of the physiological profiles estimated during present investigation in group-1 are pre-
sented in Table 1 and Figures 1-5. The physiological trends and the pathological lesions of this group
have been compared with those in group-II and III which have been published previously by the authors
to assess the best treatment regimen. Clinical signs observed due to endotoxemia consisted of restlessness,
respiratory distress, forceful abdominal respiration, diarrhoea and profuse salivation. None of the endo-
toxemic buffalo calves out of five animals of group-I survived beyond the 2™ day.

The normal mean pre-infusion total protein was found to be 6.74 + 0.34 g/dl, which is close to 6.82 +
0.24 g/dl reported by [8], 6.40 + 0.19 g/dl [9] but lower than 7.54 + 0.25 g/dl [10]. In the present study,
however, a significant (P < 0.05) hypoproteinemia was observed from 1.5 to 3.5 hr after the endotoxin in-
fusion (Table 1) The hypoproteinemia as observed in present investigation (Figure 1) was perhaps due to
congestion and lower nephron nephrosis in kidneys observed in present investigation which might have
resulted in more albumin excretion through kidney while mild sinusoidal congestion and hepatocellular
necrosis in liver may have caused decreased protein synthesis leading to significant hypoproteinemia and
hypoalbuminemia.
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Figure 1. Mean plasma Total protein (gm/dl) at different stages of endotoxic shock and after
various treatment combinations.

Dry stat clinical dry chemistry analyser, Johnson & Johnson, U.S.A.
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Figure 2. Mean plasma albumin (gm/dl) at different stages of endotoxic shock
and after various treatment combinations.
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Figure 3. Mean plasma potassium (mmol/l) at different stages of endotoxic
shock and after treatment combinations.
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Figure 4. Mean plasma calcium (mg/dl) at different stages of endotoxic shock
and after various treatment combinations.
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Figure 5. Mean plasma Alkaline phosphatase (U/L) at different stages of
endotoxic shock and after various treatment combination.
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Table 1. Physiological parameters at different stages of endotoxic shock and after treatment with
HSS, Flunixin meglumine and Blood.

Group Endotoxic shock After treatment
Oh 1.5h 2.5h 3.5h 45h 5.5h 6.5h Day 2
Total protein (g/dl)  6.74  5.58*  5.40* 4.60* 6.94 7.46 7.54 7.34
+0.34 +0.50 +0.51 +0.38 +0.15 +0.07 +0.11 +0.05
2.40 1.94% 2.16 1.90* 2.56 2.76* 2.72 2.76*
Albumin (g/dl)
+0.05 +0.18 +0.09 +0.21 +0.05 +0.04 +0.08 +0.07
o 0.20 0.36 0.32 0.44 0.52 0.48 0.80 0.92
Fibrinogen (g/dl)
+0.00 +0.04 +0.08 +0.12 +0.08 +0.14 +0.46 +0.42*
4.14 3.28 2.92 2.26 3.86 4.22 4.02 3.66
Globulins (g/dl)
+0.32  +£0.29 +0.58* +0.35* +0.05 +0.14 +0.55 +0.47
. 3.62 2.72 3.08 2.70 3.04 3.4 3.08 3.1
Potassium (mmol/1)
+0.44 £0.27* £0.21 +0.19* +0.06 +0.14 +0.16 +0.14
. 8.96 6.92 7.26 6.60 7.90 8.20 8.02 8.10
Calcium (mg/dl)
+0.29 +0.49* +£0.46* £0.59* £0.08* +0.07 +0.14 +0.11
Alkaline 55.6 61.8 71.6 81.4 103.0 77.2 78.0 78
Phosphatase (U/1) +4.42 +£10.56 *£7.78 +10.88* +12.26* +3.22 +2.12% +2.45
. 135.60 134.2 134.6 128 126.2 135 135 133.8
Sodium (mmol/l)
+1.6 +4.29 +3.19 +6.27 +3.02 +6.33 +7.96 +7.96
5.32 4.80 4.60 5.54 5.18 4.74 4.52 4.52
Phosphorus (mg/dl)
+0.42  +0.34 +0.37 +.01 +0.05 +0.22 +0.36 +0.36
No. of animals in group = 5, *Significant at 5% level.
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A non-significant hypoproteinemia was continued even after treatment with HSS, flunixin meglu-
mine and blood at 4.5, 5.5 and 6.5 hr up to day 2 of the observation. In fact HSS acutely increases the
plasma osmolarity and draws intracellular and interstitial water into the vascular space the protein content
of which probably compensates hypoproteinemia. There was plasma volume expansion of 3 ml for every 1
ml of hypertonic saline infused [11]. Administration of hypertonic saline leads to re-entry of extravascular
fluids into the vascular compartment to produce a more rapid response and marked haemodynamic effects
than conventional use of isotonic solutions [12]. However the non- significant (P < 0.05) hyperproteine-
mia found after treatment e, at 4.5, 5.5 and 6.5 hr. is in contrast to significant hypoproteinemia after
treatment observed in other two groups which can be attributed to the rapid plasma volume expansion
and redistribution of cardiac output towards splanchnic region, following hypertonic saline solution infu-
sion [13].

The pre-infusion plasma albumin was found to be 2.40 + 0.05 g/dl, which is similar to 2.70 + 0.12g/dl
reported by [14], but lower than 3.29 + 0.13 g/dl as reported by [15] and 3.20 £+ 0.19 g/dl [16]. A significant
(P < 0.05) hypo-albuminemia was observed throughout endotoxin infusion upto 3.5 hrs (Table 1). Hy-
poalbuminemia was alleviated after treatment and a significant increase was observed at 5.5 hrs. and day 2
(Figure 2) which may be due to the albumin in the transfused blood.

In a previous study, [9] also observed significant (P < 0.05) hypoalbuminemia in endotoxin infused
buffalo calves. The fall in albumin can be attributed to loss of blood and plasma in tissues, besides diarr-
hoea [15], the common manifestations in endotoxic shock. The hypo-albuminemia observed in other two
groups as well during endotoxin infusion, in turn, may contribute to hypoproteinemia which persisted
even after treatment in group-II and III unlike group-I.

The pre-infusion mean plasma fibrinogen recorded was 0.20 + 0.00 g/dl, which is lower than 0.30 to
0.8 gm/dl [6] and 0.35 to 0.60 g/dl [16] and it increased significantly only on day 2 of the observation
(Table 1) which may be due to the fact that endotoxin accelerates fibrinogen synthesis rate [17]. A similar
significant increase was observed in group-II at 6.5 hours and day-2 while there was non-significant in-
creasing pattern was observed in group-III [18].

The normal or pre-infusion mean plasma globulins was found to be 4.14 + 0.32 g/dl (Table 1), which
is close to 3.90 £ 0.39 g/dl [14] but higher than 3.24 + 0.24 g/dl as reported by [15], 2.34 + 0.25 g/dl [16]
and 2.79 + 0.13 g/dl. In the present study, endotoxemic buffalo calves showed significant fall (P < 0.05) in
plasma globulins at 2.5 and 3.5 hrs. during endotoxin infusion which was similar to the pattern observed
in group-II and III that persisted significantly post treatment as well [13]. After treatment no significant
fall in globulins was observed throughout the observation period.

The pre-infusion mean plasma potassium ranged between 3.62 + 0.44 mmol/l (Table 1), which is
close to 3.60 + 0.2 mmol/l [20] but higher than 2.28 + 0.18 mmol/I [10]. A significant (P < 0.05) hypoka-
lemia was observed at 1.5 and 3.5 hrs of the endotoxin infusion. A non-significant hypokalemia was ob-
served after treatment till the end of observation period in group-I where as an overall significant hypoka-
lemia was observed in group II and group III at 1.5, 2.5, 3.5, 4.5, 5.5 and 6.5 hours. The fall in potassium
level may be an attempt by the body to sequester potassium as a part of the mechanism, whereby endo-
toxins promote the release of endogenous pyrogens from leucocytes, and moreover, experiments have
shown this process is inhibited by this element.

Decrease in potassium level could also be attributed to release of histamine during endotoxic shock,
which increases the capillary permeability and can regulate the secretion of adrenaline and nor-adrenaline
together which cause the reduction in potassium level [21]. Hypokalemia after treatment can rather be at-
tributed to rapid volume expansion following HSS infusion. Decrease in plasma levels of sodium and po-
tassium may furthermore be attributed to the greatly diminished active transport of sodium and potassium
through the cell membranes. As a result, sodium and chloride accumulate in the cell and the potassium is
lost from the cell [21].

The pre-infusion mean plasma calcium observed was 8.96 + 0.29 mg/dl (Table 1) which is within the
physiological range of 8.7 - 11.4 mg/dl as reported [15] and lower than 9.7 - 12.4 mg/dl in cattle serum
[22]. In the present study, a significant (P < 0.05) hypocalcaemia was observed in group-I throughout the
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endotoxin infusion and even afterwards at 4.5 hrs. as also reported previously [23] while hypocalcemia was
significant throughout the period of observation till day 2 in group-II and III. The normal mean plasma
phosphorus observed was 5.32 + 0.42 mg/dl (Table 1), which is close to physiological value of 5.6 - 6.5
mg/dl in cattle serum [22]. The plasma phosphorus did not show any significant variation during and after
the intravenous infusion of endotoxin and the treatment given thereafter. A similar trend was witnessed in
group-II and III as well.

The pre-infusion mean plasma Alkaline phosphatase observed was 55.60 + 04.42 U/l (Table 1) which
is lower than 173 + 40 U/1 as reported [24]. In the present study, a significant (P < 0.05) rise in plasma al-
kaline phosphatase was recorded in group-I at 3.5, 4.5 and 6.5 hrs. of the observation period which may be
due to the fact that alkaline phosphatase enzyme normally represents a pooled heterogenous group derived
from various organs like liver, kidney, bone and placenta. The damage to these organs result in to the shift
of this enzyme from intracellular compartment to the extracellular compartment Ze., blood plasma [25].

Endotoxin induced injury to the various tissues and organs may be causing increase in alkaline
phosphatase levels. In group-II and III, a non-significant rise in alkaline phosphatase though out the pe-
riod of observation showed very less extent of damage to various organs.

The normal mean plasma sodium observed was 135.60 + 1.60 mmol/l, which is close to 136.6 + 5.51
mmol/l [16], 134.48 + 4.07 mmol/l [10] and 133.40 + 3.19 mmol/l [26]. A generalized non-significant
change in sodium was noticed throughout the period of experiment in group-I which was similar to that
observed in group-II and III (Table 1). Similar unappreciable plasma sodium changes were reported in
endotoxemic cow [20] and buffalo calves [14]. In the present investigation, the mean sodium level at the
end of the observation period was almost equal to pre-infusion level. Absence of any significant increase in
plasma sodium even after infusion of HSS is advantageous as it does not cause hypernatremia thus making
the infusion of HSS very safe [14].

Pathological lesions: All the endotoxemic buffalo calves died in group-I during observation period
were subjected to necropsy examination in order to study the pathological changes where as in group-II,
one animal survived beyond period of observation and recovered fully as 4 out of 5 animals died on day 3 -
4 while in group-III, only 2 animals died on day-3 - 4 and 3 animals survived and recovered fully.

Gross Lesions

Gross lesions in all dead calves of group-I varied from mild to clear cut haemorrhages along with
congestion and emphysema in lungs in both the endotoxemic buffalo calves, besides congestion odema
and dilation and haemorrhages on mucosal surface of intestines as well as in mediastinal lymph nodes,
haemorrhages in the gall bladder mucosa and reddish discolouration of cortex of kidneys. The gross le-
sions, although non-specific, but were suggestive of toxemia, enteropathy and pulmonary failure accom-
panying endotoxic shock. Gross lesions in group II [13] were broadly similar to those in group I, except
for epicardial and sub-endocardial haemorrhages in three endotoxemic buffalo calves and mild catarrhal
enteritis in two animals. Epicardial and sub-endocardial haemorrhages were suggestive of either hypoxia
or septicaemia or toxaemia or massive respiratory distress. Gross pathological changes in group III were
similar to those seen in earlier groups, except for haemorrhages on mucosal surface of intestines as well as
in mediastinal lymph node in one buffalo calf [19].

Histopathology

Histopatholgically, the lesions were more specific and the common findings in all the animals were
congestion, haemorrhages and emphysema in lungs (Figure 1), necrotic enteritis with mononuclear cell
infilteration, congestion and lower nephron nephrosis in kidneys, mild sinusoidal congestion and hepato-
cellular necrosis in liver. Fibrinous emboli in the microvasculature of lungs were also noticed in one buf-
falo calf. (Figure 2) Nagaraja et al (1979) [27] also observed fibrin thrombi in arterioles and capillaries of
lungs in endotoxemic calves. In another buffalo calf, marked superficial segmental necrosis of villi (Figure
3) was observed.

Singh et al (1996) [28] observed atelactasis, congestion, haemorrhages and emphysema in lungs,
edema in intestinal mucosa along with extensive coagulative necrosis of epithelial cells of villi, diffuse
coagulative necrosis of convoluted tubules of kidney and congestion, haemorrhages with fatty degenera-
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tion and coagulative necrosis in liver. Sokkar et a/ (2003) [29] also reported edema, congestion and hae-
morrhages in lungs, nephritic changes in kidney, areas of coagulative necrosis of the hepatocytes and ne-
crosis of the intestinal villi with infiltration of polymorphs.

In one of the endotoxemic buffalo calf degenerative changes of cardiac myocytes along with mono-
nuclear cell infiltration in perivascular region of the myocardium were also noticed, which hinted at car-
diomyopathy. Hackel et al (1974) [30] reported occurrence of myocytic necrosis and haemorrhage in the
sub-endocardial region of myocardium in endotoxaemia. Singh et al (1996) [28] and Nagaraja (1979) [27]
also reported epicardial and sub-endocardial haemorrhages in endotoxemic calves. In another buffalo calf,
congestion, haemorrhages and mild edema in the cerebrum (Figure 4) and in gall bladder haemorrhages
along with sloughing of mucosa were also recorded. Nagaraja (1979) [27] and Sokkar (2003) [29] also re-
ported numerous haemorrhages and edema in cerebrum of endotoxemic calves and rams respectively.

The major histopathological changes in group II were almost similar to those seen in group I, except
for more prominent bronchio-interstitial changes in lungs which included mild interstitial pneumonia,
sloughing of bronchiolar mucosa, haemorrhages, congestion and marked emphysema in some bronchi-
oles, bacterial colonies were also observed in a few bronchioles which were surrounded by neutrophils.
Over all the lungs appeared to be shock lung in such cases. Apart from these changes hyaline membrane
formation was also noticed in the alveoli in two endotoxemic buffalo calves. Epicardial, sub-endocardial
and myocardial haemorrhages noticed grossly were also prominent histopathologically. In one animal,
there was degeneration and necrosis of cells of the zona fasciculata of adrenal glands (possibly related to
stress, hyperproduction of corticosteroids and thereby exhaustion of cells in this zone [13].

Histopathologically changes in group III were similar to those in groups I and II.

One of the salient finding in all the groups was the presence of wide spread thrombi/emboli in lungs
possibly indicating disseminated intravascular coagulopathy (DIC).

Wide spread changes of congestion, haemorrhages, degeneration and necrosis in most of the organs
particularly those in lungs and heart as seen grossly and histopathologically indicated vascular damage and
hypoxia related to endotoxemia.

4. CONCLUSIONS

A perusal of clinical signs, clinical chemistry and pathological lesions in dead calves indicated that
there was a multi-organ damage and pathologies induced by entotoxic shock, which were critical for
maintenance of life processes. If the damage becomes irreparable, the animal may die. However, consti-
tuting timely therapeutic regimens consisting of hypertonic saline solution, Flunixin meglumine and
whole blood infusion as used in group-III of the present investigation could counter or reverse some of the
deleterious effects of endotoxins and thereby save the precious life of the animals.
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Figure Al. Lung-Marked congestion and emphysema (H. E.X150).

Figure A2. Lung-Congestion and Fibrinous emboli in vessel (H. E.X75).

Figure A3. Intestine-Marked superficial segmental necrosis of villi (H. E.X150).
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Figure A4. Cerebrum-Haemorrhages (H. E.X150).
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