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Lipopolysaccharide-induced changes in physiological and
haematological variables of Jakhrana goats
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Bacterial infection adversely affects farm animal
productivity by increasing morbidity and is a major cause
of economiclossesin livestock. Lipopolysaccharide (LPS),
also known as endotoxin, is the major virulence factor of
gram-negative bacteria (Heumann and Roger 2002). LPS
is capable of stimulating immunocompetent cells and
activating cytokines pathway that leads to the secretion of
pro-inflammatory mediators, which initiate responses that
involve in fever and metabolic alterations. Some animal
species like mice and Rhesus monkey have a capability to
develop acertain level of tolerance against endotoxin even
when aload of the pathogen is high (Warren et al. 2010).
However, some other animals like rabbit and small
ruminants are relatively more sensitive to the endotoxin
(Schiffer et al. 2002, Warren et al. 2010). Circulating
monocytes and neutrophils are the main target cells among
the leukocytes that are involved in protection against LPS
and these cells regularly express CD-14 and toll-like
receptor 4, which are essential for recognition of LPS and
activation of innate immune system (Park et al. 2013).

However, information about time dependent effects of
LPS challenge on physiological and haematological
responsein tropical goat breed isnot availablein literature.
Therefore, the aim of present study was to identify LPS-
induced changes in certain physiological and
haematological responses in Jakhrana goats so that most
efficient indicators of acute bacterial infection in tropical
goats can be identified for longitudinal studies.

Eight clinically healthy Jakhrana goats (3 to 4 years of
age; male, 41.9+1.9 kg BW) were included in this study.
Goats were housed and given free access to hay and green
fodder in shade. The animalswere allowed to acclimate for
10 daysprior to the study. Thereafter, equal number of goats
were divided randomly into two groupsi.e. control (CON;
n = 4) and treatment (LPS; n = 4). Sterile physiological
saline (20 pl/kg BW) or bacterial LPS (1 pg/kg body weight;
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Escherichia coli 0111: B4, Sigmachemicals, St. LouisMO)
was intravenously administered into the animals of CON
or LPS group, respectively. The dose of LPS was selected
based on our previous pilot trial; in which similar dose of
LPS generate febrile condition with certain behavioural
changes such as reduction in feeding and rumination, but
without any very serious manifestation or shock to the
animals. The stock solution of LPS was prepared by
dissolving 200 pg LPS in 4 ml of pyrogen-free sterile
physiological saline. Thus, injected volume of L PS solution
ranged from 680 ul to 970 I, depending on the BW of
individual animal. Blood sampling and recording of cardinal
physiological responses [rectal temperature (RT),
respiratory rate (RR) and heart rate (HR)] were done at
about 10 min before (0 h) and at different time intervals
after LPS or saline infusion.

Recordings of RT, RR and HR were performed at 10
min before (0 h), and at 2, 4, 6, 8, 26, 32 and 50 h after LPS
infusion. All measurements of physiological variableswere
done under relatively calm and quiet condition with
minimun undue stressto the animals. Recording of RT (°C)
was done with the help of clinical digital thermometer,
which was inserted about 3-4 cm into the rectum for about
60 sec. The HR (beats per minute) and RR (breath per
minute) were recorded using a medical stethoscope (Amex
Macro Tone Stethoscope) at the fourth |eft inter-costal space
behind the animal’s left elbow and above the animal’s left
elbow over a period of 1 min, respectively. The recording
of RR was done before the recording of HR and RT.

Whole blood samples were collected by jugular
venipuncture into 15 ml centrifuge tubes containing
K,EDTA about 10 min before (O h) and at 2, 4, 6, 8, 26 and
32 h after LPS infusion. Samples were packaged on ice
immediately after collection and were taken to the
laboratory in ice box for complete haematological analysis
that included quantification of white blood cells (WBC;
x10%/mm3), red blood cells (RBC; x10%/mm?3), haematocrit
(Hct; %), mean corpuscular volume (MCV; fl), haemoglobin
(Hb; g/dl), mean corpuscular haemoglobin (MCH; fmol/
cell), mean corpuscular haemoglobin concentration
(MCHC; g/dl), red blood cells distribution width (RDW;
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%), lymphocytes (%), monocytes (%), granulocytes (%)
and platelet indices[platel et count (x1000/ul), mean platel et
volume (MPV; fl), plateletcrit (Pct; %), platel et distribution
width (PDW; %)]. Blood cells analysis was made with the
automatic haematological analyzer (MS4SE, Melet
Schloesing Laboratories, Osny, France).

To account for multiple mean comparisons of
physiological and haematol ogical variables, anindependent
sample t-test or corresponding non-parametric test (Mann—
Whitney U test) was performed for individual time point.
Variations were assessed by probability value (P) with the
following levels of significance: P<0.05, P<0.01, P<0.001
and atrend P<0.1. Statistical analyseswere performed with
SPSS (version 16.0, SPSSInc., Chicago, IL) software. Data
are presented as a meanzstandard error of the mean.

Figs 1a, b and c represent the time course of changesin
RT, RR and HR &fter saline or LPS infusion in CON and
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Fig. 1. Physiological variables [Fig. la: rectal temperature
(RT); Fig. 1b: respiration rate (RR); Fig. 1c: heart rate (HR)] at
different timeintervalsbefore and after either normal saline (CON;
n=4) or LPS infusion (LPS, n=4). *P<0.05; **P<0.01; ***
P<0.001.

[Indian Journal of Animal Sciences 88 (1)

LPSgoats, respectively. Increased RR and HR in L PS goats
were observed after 2 h of LPS administration compared to
the CON animals (P< 0.05). However, RT was non
significantly (P = 0.180) different among the groups at this
time point (2 h). Effect of LPS on RT and RR was not
observed later than 6 h after LPS infusion whereas, HR
remains significantly (P< 0.05) higher up to 26 hin LPS
goats compared to the CON goats.

Among different haematological variables, WBC count
and its subpopulation (Ilymphocytes, monocytes and
granulocytes) were greatly affected by LPS infusion. The
significant difference in these variables was observed as
early as 2 h post-LPS infusion and this difference remains
at other time points during the study i.e. 4 h, 6 h, 26 h and
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Fig. 2. Haematological variables [Fig. 2a: White blood cell
(WBC) count; Fig. 2b: lymphocyte (LYM); Fig. 2c: monocyte
(MON) and Fig. 2d: granulocyte (GRA)] at different timeintervals
before and after either normal saline (CON, n=4) or LPSinfusion
(LPS, n=4). *P<0.05; **P<0.01; ***P<0.001, TP<0.1
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Table 1. Time dependent changes in haematological variables (mean + SEM) after infusion of either
physiological saline (CON; n=4) or LPS (LPS; n = 4)

Time (h) Group RBC (x108/mmd3) Hct (%) MCV (fl) Hb (g/dl) RDW (%) MCH (fmol/cell) MCHC (g/dl)
0 1 11.61+0.39  15.98+0.87 13.78+0.32 5.75+0.30 18.00+0.33 4.90+0.11 35.95+0.18
2 11.91+0.04  16.98+0.57 14.28+0.48 6.08+0.14 25.13+1.01 5.08+0.13 35.78+0.55
2 1 11.94+0.41  16.90+0.85 14.18+0.21 5.70+0.30 25.08+£0.35 4.70+0.09* 33.65+0.18
2 12.42+0.31  18.65+0.91 15.05+£0.51 6.40+0.27 23.33+x1.91 5.10+0.14 34.33+0.43
4 1 11.36+0.39  16.13+1.03 14.18+0.42 5.43+0.35 21.63+1.73 4.70£0.15 33.60+0.30
2 12.20+0.52  18.38+0.82 15.13+0.44 6.03+0.22 23.65+0.82 4.90+0.21 32.83+0.69
6 1 11.71+0.36  16.80+0.72 14.38+0.26 550+0.41  20.15+£1.93f 4.65+0.26 32.70+1.56
2 12.23+0.40  18.50+0.81 15.18+0.49 5.83+0.26 24.93+0.41 4.70+0.20 31.45+0.41
8 1 11.62+0.47  16.78+0.87 14.48+0.23 5.48+0.43 22.15+1.65 4.65+0.22 32.53+1.25
2 12.27+0.61  18.63+1.10 15.23+0.52 6.15+0.33 26.33+3.02 4.98+0.21 33.03+£0.40
26 1 10.45+1.36  14.38+2.22 13.68+0.39 4.83+0.84  20.85x2.01t 4.48+0.30 33.10+1.76
2 12.09+0.96  17.90+1.15 14.98+0.82 6.50+0.33 25.50+1.01 5.40+0.49 36.40£1.25
32 1 11.71+0.38  17.25+0.75 14.75+0.23 5.25+0.32 23.08+2.24 4.43+0.17 30.33+0.69
2 12.80+0.75  19.55+£1.50 15.28+0.50 6.33+0.54 24.55+0.68 4.88+0.24 32.25+0.71

RBC, red blood cells; Hct, haematocrit; MCV, mean corpuscular volume; Hb, haemoglobin; RDW, red blood cell distribution
width; MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular haemoglobin concentration. * and t indicate significant
difference or atrend, respectively, between CON and L PS goats at specific time point in the column.* P< 0.05; ** P< 0.01; 10.05<P<0.1.

32h(Figs2a,b,candd). 1.9fold (14.38+2.28 vs 7.51+2.58;
P=0.093) and 2.1 fold (13.92+1.76 vs6.77+2.49; P =0.024)
declinein WBC count of L PS goatswas observed compared
to CON goats, at 2 h and 4 h post-LPS administration,
respectively. Nonetheless, WBC count of LPS goats
increased by 3.5fold (12.56+2.43 vs44.25+5.56; P = 0.002)
and 2.5 fold (12.93+1.11 vs 32.4+3.91; P = 0.003) at 26 h
and 32 h after LPS administration compared to the CON
goats (Fig. 2a8). Significant increase in lymphocyte (2.08
fold, P = 0.004) and monocyte (1.86 fold, P = 0.011)
fraction, and decrease in granulocyte fraction (1.76 fold,
P=0.003) was observed in LPS goats compared to CON
goats at 2 h post-L PS infusion (Figs 2b,c,d).

Effect of LPSinfusion on platelet indices (platel et count,
MPV and Pct) was observed only at 2 h after LPS infusion
and their values remained similar among the groups at
subsequent time points (Table 2). Platelet count and Pct in
LPS goats decreased by about 30% (P= 0.013) and 26.1%
(P=0.008) at 2 hcompared to the CON goats. No significant
difference in RBC count, Hct, MCV, Hb, MCH, MCHC
and PDW was observed among groups during the entire
study period (Table 1 and 2).

Although there are few studies that have examined
metabolic effects of LPS in farm animals, the responses of
physiological and haematological variables to systemic
exposure to endotoxin in tropical goats remained unknown.
Accordingly, the present study was designed for evaluation
of time dependent changes in cardinal physiological and
haematological responses to intravenous LPS infusion in
adult Jakhrana goats. The dose of LPS that is used in this
study (1 pg/kg BW) has produced changes in certain
variables that lasted for at least 32 h post injection.

Higher RRandHRinLPSgoatswereobserved at 2 h that
remain lasted up to 6 h and 26 h post-LPS administration,
respectively. Whereas, significantly higher RT wasobserved

Table 2. Time dependent changes in platelet indices
(mean £ SEM) after infusion of either physiological saline
(CON; n=4) or LPS(LPS; n=4)

Time (h) Group Platelet count MPV Pct PDW
(x1000/Wl)  (f) (%) (%)

0 1 32325+  553% 0.18+ 3.75+
39.54 0.11 0.02 0.37

2 388.25+  5.10% 0.20+  4.43%

46.75 0.14 0.02 0.69

2 1 471.25+ 493+ 0.23+ 7.05+
39.74* 0.09t  0.01** 0.29

2 331.25+ 518+ 0.17+ 6.50+

541 0.08 0.00 0.98

4 1 394.00+ 5.18% 0.20+ 5.55+
62.63 0.15 0.03 111

2 359.75+ 5.10+ 0.18+ 7.35%

65.41 0.12 0.03 0.32

6 1 44375+  4.88+ 0.22+ 6.08+
80.97 0.32 0.03 0.99

2 388.50x  4.95% 0.19+ 7.68+

40.73 0.09 0.02 0.46

8 1 47150+  4.93+ 0.23+ 7.30+
75.08 0.14 0.03 0.35

2 37225+  5.03+ 0.19+ 7.73%

57.43 0.13 0.03 0.47

26 1 397.25+  5.20% 0.20+ 5.80+
38.37 0.15 0.01 0.76

2 376.50+  5.10+ 0.19+ 6.65+

77.11 0.16 0.03 1.09

32 1 492.00+  4.85+ 0.23+ 6.70+
85.18 0.23 0.03 0.70

2 396.00x  4.43% 0.20+ 8.23+

35.68 051 0.02 0.09

MPV, mean platelet volume; Pct, plateletcrit; PDW, platelet
distribution width; * and T indicate significant difference or a
trend, respectively, between CON and L PS goats at specific time
point in the column; *P< 0.05; **P< 0.01; 70.05< P<0.1.
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only at 4 h and at 6 h after LPS treatment, thereafter no
differencein RT among the groups was observed. Thisisin
accordance with earlier reports, in which higher HR after
LPSinjectionwasobservedincalves(Konigssonetal. 2002,
Husler and Blum 2001) and ewe (Yates et al. 2011). Dueto
the fact observed in the present study that the effect of
LPS on HR is started early (at 2 h) and remain lasted
longer (up to 26 h post-L PS infusion) compared to RT and
RR, changein HR may beconsidered asthemost appropriate
physiological variable, among those studied, for monitoring
time dependent effects of LPS in goats.

Effect of endotoxins on RBC count, Hb and Hct are
reported by earlier researchers in ewe (Yates et al. 2011),
pigs(Thorgersen et al. 2010). In contrast to this, mean RBC
count, Hct, Hb, MCV in LPS goats was similar to those
CON goats at all time points, suggesting them asrelatively
more stable haematological variables and the LPS dosage
(1 mg/kg BW) used in the study may not be sufficient
enough to affect erythropoiesis and/or destruction of RBCs
in this tropical goat breed.

The effect of LPS was more pronounced on WBCs and
its subpopulation (granulocytes, lymphocytes and
monocytes) even after 26 h of LPS administration.

Significant risein monocyte fractionin LPS goatsat 2 h
of LPS treatment compared to CON goats and subsequent
release of monokines may result into increased number of
WBCs and lymphocyte at 26 and 32 h post-LPS
administration. Increase number of lymphocytes and
monocytes in circulation may provide defences system in
the body to counteract harmful effects of LPS.

In this study, significant reduction of platelet count and
Pct, and increase in MPV was observed within 2 h of LPS
administration in LPS goats compared to the CON goats.
However, the effect of LPS on platelet indices was not
observed during subsequent samplings. This was in
agreement with previous reports that administration of LPS
decreases the number of platelets in circulation within a
short period in mice (Jayachandran et al. 2007) and pigs
(Kvidera et al. 2016). This is perhaps due to increased
accumulation of platelets in the liver and lungs (Ohtaki
et al. 2003) or asaresult of amplifying secretion-dependent
platelet aggregation in blood (Zhang et al. 2009). These
findingsindicate that the platel et indices, more specifically,
platelet count, MPV and Pct are appropriate to follow up
only short term early effects of low dose of bacterial
infection in goats.

Bacterial endotoxins from gram-negative bacteria are
potent mediators for in vivo induction and release of
cytokines such as interleukin-1, tumor necrosis factor,
interleukin-6 and colony stimulating factor. Though the
mechanism by which this occursis not fully understood in
farm animal sincluding goats, it becomes apparent that many
of the LPS-related physiological and haematological
responses are mediated directly or indirectly by these
endogenous cytokines individually or in combination with
other mediators of inflammation secreted by different
activated cells including leukocytes.

[Indian Journal of Animal Sciences 88 (1)

SUMMARY

The present study shows time dependent variations in
different physiological and haematological variables in
response to systemic LPS exposure in goat. The results of
this study revealed that RT, RR and HR were significantly
increased at different time points until 26 h post-LPS
exposure. All leukocyte variablesincluding WBC count and
leucocyte fractions i.e. lymphocyte, monocyte and
granulocytes, responded to LPS at some point within 32 h
of LPS administration. However, effect of LPS on platelet
indices (platelet count, MPV and Pct) was observed only
during early period of LPSinfusion. No differencein RBC
count, Hect, MCV, Hb, MCH and MCHC was observed
among the groups, in present experimental conditions. This
study emphasizes the significance of considering HR and
certain haematological variables such as WBC count and
itsfractionsi.e. lymphocytes and monocytes when working
with longitudinal effects of acute bacterial diseases and
pathophysiology of LPS associated illnessin tropical goat
breeds.
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