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Abstract

Probiotics can modulate gut-liver axis. Effects of administration of multistrain probiotics (MP) on liver damage and overall health
of trypanosomic rats were investigated. Thirty male rats randomly assigned to five groups A-E (n=6), and MP containing
Bifidobacterium BB-12, Lactobacillus delbrueckii LBY-27, Lactobacillus acidophilus LA-Z, Streptococcus thermophilus STY-31
and Lactobacillus paracasei LC-01 were used for supplementation. From day 0 post-supplementation (PS), rats in groups A—C
received 1 x 10%, 5x 10° and 10 x 10° CFUs of MP daily and respectively. Groups D and E received no MP supplementation
being the infected and uninfected controls respectively. On day 7PS, groups A—D were challenged with approximately 1 x 10°
Trypanosoma brucei intraperitoneally. On days 0, 7 and 16, PS, serum alanine and aspartate aminotransferases (ALT and AST)
were determined spectrophotometrically, while parasitaemia, bodyweight and mortality were monitored. By day 7, PS groups B-
D had similar ALT activities and AST-ALT ratios, while all groups had similar AST activities. On day 16, PS all infected groups
(A-D) had similar and significantly (p <0.05) lower AST activities and AST-ALT ratio compared to the uninfected control,
while ALT activities were similar and significantly elevated in groups A-D. Logarithmic parasitaemia levels and AST-ALT ratio
showed random moderate negative correlation (r =—0.390; p = 0.059). No significant variations in bodyweight were seen, and
all infected groups had 100% mortality by day 27 post-supplementation. Supplementation with MP was innocuous to liver
function in naive rats, but failed to improve liver-function parameters, bodyweight or survivability of trypanosomic rats.
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Introduction

Probiotics are live micro-organisms or the components there-
of, which can offer one or more health benefits when admin-
istered or consumed by humans or animals. Promising out-
comes on their usefulness in management of several health
conditions have been reported, including applications in cer-
tain cancers (Ali et al. 2019), gastrointestinal disorders
(Gogineni et al. 2013), plasmodium infection (Villarino
et al. 2016), trypanosomosis (Okolo et al. 2020), etc.
Besides their use as growth promoters, probiotics alongside
prebiotics are now being explored as possible complement or
replacement for antibiotics in poultry, livestock and cultured
fishes which are known to be easily susceptible to infectious
disease (Gogineni et al. 2013; Aronu et al. 2019; Omeje et al.
2019).

The gut-liver axis is a well-established concept in gastroin-
testinal biopathology. Dysbiosis of gut microflora has been
linked to several hepatopathies including alcoholic liver dis-
ease, liver fibrosis and fatty liver disease (Sharma et al. 2013;
Engen et al. 2015). In a review, Khalesi et al. (2018) conclud-
ed that certain probiotic strains could significantly improve
the activities of major liver enzymes including alanine amino-
transferase and aspartate aminotransferase in experimental
models of hepatopathies or in patients suffering liver diseases.
Furthermore, safety of probiotic strains in human or animal
consumers is an important developing issue. There have been
confirmed reports of bacterial sepsis and aggravation of ill-
nesses following treatment with some probiotic strains (Land
et al. 2005).

Severe hepatopathy characterized by marked elevation of
activities of liver function enzymes is one of the major features
of African animal trypanosomosis caused by 7rypanosoma
brucei infections (Anosa 1988, Federico et al. 2016; Okolo
et al. 2019a). The disease takes a heavy toll on animal health
in Africa, where also the annual loss in monetary terms has
been put at over $4.5 billion dollars (Yaro et al. 2016; Aneke
et al. 2016; Abenga and Idowu, 2018). Experimental trials
using strains of Lactobacillus casei (Bautista-Garfias et al.
2008) and Saccharomyces cerevisiae (Eze et al. 2012) against
Trypanosoma spp. infections yielded positive results.
However, studies evaluating the safety of probiotics strains
or their ability to improve the liver damage which character-
izes trypanosomosis are lacking. The rationale for the current
study is to assess whether some proven probiotic strains can
ameliorate or avert liver damage commonly seen in
trypanosomosis.

For this study, proprietary multistrain probiotic mix con-
taining Bifidobacterium BB-12, Lactobacillus delbrueckii
LBY-27, Lactobacillus acidophilus LA-5, Streptococcus
thermophilus STY-31 and Lactobacillus paracasei LC-01
was used. Well-documented health benefits of these probiotic
strains in terms of positive immunomodulation and
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antioxidative capacities have been discussed (Hajifaraji et al.
2018; Okolo et al. 2020). The aim of this study was to evaluate
the effect of treatment with the probiotic mix on liver function
enzymes in naive rats, and following infection with
Trypanosoma brucei, to determine the effect of such treatment
on liver aminotransferases and the overall well-being and sur-
vivability of the experimental models.

Materials and methods
Location and experimental animals

The research was carried out in the research laboratory of the
Department of Veterinary Medicine, University of Nigeria
Nsukka, located within geographical coordinates 6.85667° N
7.39583° E. Thirty (30) male post-pubertal Sprague Dawley
rats were used for the study. They were housed in fly-proof
cages and provided with water and proprietary rat feed fed ad
libitum. Ethical judgements for use of the experimental ani-
mals in this study were based on the guidelines of the Animal
Use and Care Committee of the Faculty of Veterinary
Medicine, University of Nigeria, which agrees with the NIH
procedures (NIH 2011).

Trypanosomes and probiotic strains

The Trypanosoma spp. used for the study was isolated from a
dog patient diagnosed of canine trypanosomosis at the
Veterinary Teaching Hospital, University of Nigeria
Nsukka. The isolate was further identified as Trypanosoma
brucei at the Department of Veterinary Parasitology and
Entomology, University of Nigeria. Live multistrain
probiotics blend sourced from CHR® (Netherlands) was used
in the study. There were about 25 x 10° CFU of probiotic
organisms in 1 g of the freeze dried culture. The blend
contained equal proportion of five strains of probiotic organ-
isms namely, Bifidobacterium BB-12, Lactobacillus
delbrueckii LBY-27, Lactobacillus acidophilus LA-5,
Streptococcus thermophilus STY-31 and Lactobacillus
paracasei LC-01.

Study design, supplementation and infection with
Trypanosoma brucei

A randomized controlled experimental design was used.
Following 2 weeks of acclimatization, rats were randomly
assigned to five groups A—E (n=6). Groups A to C received
1x10° CFU, 5% 10 CFU and 10 x 10° CFU of the
multistrain probiotics (MP) respectively on a daily basis.
Groups D and E did not receive any supplementation with
probiotics being the infected and the uninfected controls re-
spectively, rather each rat in groups D and E received 1 ml of
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distilled water, the vehicle for probiotics administration in
groups A—C. Supplementation with multistrain probiotics
(MP) started from the beginning (day 0 post-
supplementation, PS) to the end of the study. Probiotics were
delivered to rats in indicated groups as a suspension in 1 ml of
distilled water delivered through oral gavages. The isolated
trypanosomes were multiplied in a donor rat, and on day 7
post-supplementation (that is day 7 of ongoing supplementa-
tion with probiotics), rats in groups A to D were challenged
intraperitoneally with approximately 1x 10°Trypanosoma
brucei suspended in phosphate buffered saline.
Supplementation with MP continued in groups A to C till
the end of the experiment.

Assays, bodyweights and survivability scores

From 48 h post-inoculation, the challenged groups were mon-
itored for establishment of the infection using wet mount tech-
nique. Briefly, a drop of peripheral blood, taken from a tail tip
snip, was let unto a clean glass slide and covered with a cover
slip to make a wet mount preparation for examination under
light microscope. Parasitaemia was estimated using rapid
matching technique (Herbert and Lumsden 1976). On days
0, 7 and 16 post-supplementation, approximately 1.5 ml of
blood was collected from the retrobulbar plexus of the eye
of rats into plain Eppendorf tubes and, after clotting, was
centrifuged at 3000 rpm for 5 min to separate the serum for
biochemical assays. The activities of serum alanine amino-
transferase (ALT) and aspartate aminotransferase (AST) were
determined spectrophotometrically (Reitman and Frankel
1957) using commercially available kits (Randox®, UK).
The AST-ALT ratio was computed on days 0, 7 and 16
post-supplementation for further evaluation of liver function
(Gong et al. 2015). The computation was done by dividing the
serum AST value by the corresponding ALT value for each
subject. The body weights of rats in experimental groups were
measured using electronic weighing balance (Mettler
Toledo®, USA) on days 0, 14 and 21 post-supplementation.
The survivability scores [(number of surviving animals in a
group/total number of animals in a group) x 100] of the ex-
perimental groups were computed after noting the occurrence
of mortalities in the groups.

Data analysis

Data from biochemical assays and body weight monitoring
were analysed using Fisher’s analysis of variance (ANOVA)
or Welch’s ANOVA where heteroscedasticity was to be ac-
commodated. Variations in means were separated using the
least significant difference (LSD) at post hoc analysis. The
survivability scores of rats in experimental groups were
analysed using descriptive statistics and presented with a
chart. Test for correlation between logarithmic parasitaemia

levels and the AST-ALT ratio was determined using
Pearson’s product moment correlation. The analyses were
done using computer package SPSS version 16.0.
Significance was accepted at p <0.05. The results were pre-
sented as means =+ standard deviations using tables.

Results

The baseline values (day 0 post-supplementation) of the se-
rum alanine and aspartate aminotransferases and the AST-
ALT ratios were similar and unremarkable across all the
groups (Tables 1 and 2, Fig. 1). On day 7 post-
supplementation (PS), group A had significantly (p <0.05)
higher mean serum alanine aminotransferase (ALT) than all
the other experimental groups (Table 1). Infection with
Trypanosoma brucei established successfully in groups A-D
within 4 days post-inoculation. By day 16 PS, group E (unin-
fected untreated) had significantly lower [Levene’s statistics
(df 4, 25)=3.945; Sig 0.013; Welch’s F(df 4, 10.179) =
747377, p<0.01] ALT activity when compared to those of
other experimental groups, and there were no significant
(p <0.05) variations in mean ALT activity between the infect-
ed control (group D) and groups treated with probiotics
(groups A, B and C) (Table 1).

There was no significant variation [F(df 4, 25)=1.598;
Sig. = 0.206] in mean serum AST values across all experi-
mental groups on day 7 PS (Table 2). This was followed by a
sharp fall in AST values on day 16 PS. Group E (uninfected
untreated) had significantly higher [Levene’s statistic (df 4,
25)=28.978, Sig. <0.01; Welch’s F(df 4, 11.145)=72.403,
p<0.001] mean AST values compared to all other experimen-
tal groups on day 16 PS (Table 2).

On day 7 post-supplementation, the uninfected control
(group E) had significantly [F(df 4, 25)=3.259; p=0.028]
higher mean AST-ALT ratio when compared to probiotic-
treated groups A and C; however, the ratio was similar to
those of groups B and D (Fig. 1). By day 16 PS, all infected
groups (groups A—D) had similar mean AST-ALT ratios
which were significantly [F(df 4, 25) =234.24; p < 0.01] low-
er than that of the infected control (Fig. 1). A moderately
strong negative correlation was seen between the equivalent
logarithm number of trypanosomes per ml of blood and the
AST-ALT ratio on day 16 post-supplementation. The correla-
tion was, however, not statistically significant (Pearson’s cor-
relation coefficient =—3.90; p =0.059) (Fig. 2).

There was no statistically significant variation (p < 0.05) in
mean body weight of the experimental groups on days 0, 14
and 21 post-supplementation (Table 3). However, the unin-
fected control (group E) gained more weight when compared
with the infected groups. On day 17 PS, groups A (infected
+1Billion CFU of Probiotics), B (infected +5Billion CFU of
Probiotics) and C (infected +10Billion CFU of Probiotics) had
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Table 1 Mean serum alanine aminotransferase activity (IU/L) of rats treated with multistrain probiotics and infected with Trypanosoma brucei
Groups A (INF + 1B CFU B (INF + 5B C (INF+ 10B D (INF + E (non INF + F value; P value
MP) CFU) CFU) untreated) untreated)

Day 0 PS 57.52 +2.39 5441 +3.74 54.81 +3.59 56.76 + 4.15 57.05 + 4.42 F(4,25)=0.850; p=0.507
Day 7.PS 80.33 + 7.91° 69.48 £ 526>  71.69 +4.22° 6825 £ 5.06%  64.89 +3.79° F(4,25)=6.826; p=0.001
Day 16 47893 +21.28* 46827 £ 57.66°  460.95 +£57.62°  490.97 + 36.55* 6222 +3.25° F"(4,10.179)=747.377,

PS p<0.001

INF infected, B billion, CFU colony forming units of multistrain probiotics, F ANOVA statistic, ¥ Welch’s ANOVA, PS post-supplementation

Superscripts a, b, and ¢ flag significant (p < 0.05) difference across the rows

'Day of infection

a percentage survivability score of 66.67%, while groups D
and E had 100% survivability score (zero mortality) (Fig. 3).
By day 24 PS, while group B had 0% survivability score
(100% mortality), groups A, C and D had a survivability score
of 16.67%. However, by day 27 post-supplementation, all the
infected groups (groups A—D) recorded zero survivability
score (100% mortality) (Fig. 3).

Discussion

The aim of supplementation with the multistrain probiotics
prior to infectious challenge with 7. brucei was to single out
the effect of the treatment on the functional integrity of the
liver. It was observed that supplementation with the
multistrain probiotic mix in naive rats resulted in significant
elevation of activities of serum alanine aminotransferase
(ALT), although not in a dose response fashion. There was
about 20% increase in serum ALT activity in a probiotic-
treated group when compared to the control. Although elevat-
ed activities of ALT and aspartate aminotransferase (AST) are
thought to result mainly from leakage of the enzymes from
damaged hepatocytes into the extracellular fluid (Zangeneh
et al. 2018), further evidences from the current study do not
corroborate the existence of supplementation-induced liver
damage in the rats considering that both the treatment groups

and the control group had similar AST and AST-ALT ratios.
The AST-ALT ratio can be used as a more robust indicator of
severity of liver damages, and for differentiating aetiologies of
hepatopathies. For instance, in human patients, the ratio is
usually < 1 in acute and chronic hepatitis but usually increases
to > 1 when fibrosis ensues, and > 2 in alcoholic hepatopathy
(William and Hoofnagle 1988; Ohgo et al. 2009). In rats,
elevated AST-ALT ratio in comparison to a control group
indicates severe liver damage (Gong et al. 2015). It is conceiv-
able therefore that the reported elevation in serum ALT activ-
ities in the probiotic-treated groups may not be due to liver
damage. Another possible cause of elevated serum ALT ac-
tivity is from ALT produced in vivo by exogenous bacteria
(such as probiotics) during metabolism (Jing and Zhang,
2011); however, such causal relationship was not tested in
the current study.

Following inoculation of test rats with Trypanosoma
brucei, the infection established successfully within few days.
Trypanosoma brucei is a remarkably tissue invasive
trypanozoon—a feature that enables it to cause severe liver
pathologies (Uilenberg, 1998; Federico et al. 2016). By day
16 of supplementation, ALT activities had peaked in all in-
fected groups, suggesting the presence of liver injury. This is
the typical clinicopathologic picture seen during progression
of trypanosomosis in domestic and laboratory animal species
(Akpa et al. 2008; Okolo et al. 2019a). The data obtained did

Table 2 Mean serum aspartate aminotransferase activity (IU/1) of rats treated with multistrain probiotics and infected with Trypanosoma brucei
Groups A (INF + 1B CFU B (INF + 5B C (INF + 10B D (INF + E (non INF + F value; P value
MP) CFU) CFU untreated) untreated)
DAY 0 111.23 +£6.17 106.09 £ 10.05  107.34 + 6.51 108.25 + 7.06 105.79 + 10.07 F(4,25)=0.430; p=0.785
DAY 7' 100.46 + 22.77 107.96 £27.29  83.52 £25.63 101.10 + 28.72  121.53 + 2847 F(4,25)=1.598; p=0.206
PS
DAY 16 1291 + 538" 10.29 + 2.70* 8.13 + 1.04* 7.50 £ 2.78* 128.20 + 16.04° F¥(4, 11.145)=72.403;
PS p<0.001

INF infected, B billion, CFU colony forming units of multistrain probiotics, ¥ ANOVA statistic, F* Welch’s ANOVA, PS post-supplementation

Superscripts a and b flag significant (p < 0.05) difference across the rows

' Day of infection
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Fig. 1 The AST-ALT ratio on days 0, 7 and 16 post-supplementation of
rats treated with multistrain probiotics and infected with Trypanosoma
brucei. A, infected +1 billion CFU multistrain probiotics; B, infected +5
billion CFU multistrain probiotics; C, infected +10 billion CFU
multistrain probiotics; D, infected + untreated; E, uninfected +
untreated. For day 0, F(df 4,25)=0.4, p =0.807; for day 7, F(df
4,25)=3.259, p =0.028; for day 16, F(df 4, 25)=234.241, p <0.01

5 T
0 0.01 0.02 0.03 0.04 0.05 0.06

AST-AlT ratio

Log,, number of trypanosomes / mL of blood

Fig. 2 Scatter plot showing correlation between Log;o number of
trypanosomes/mL of blood and the AST-ALT ratio on day 16 post-
supplementation in rats treated with a multistrain probiotics and
infected with Trypanosoma brucei. Pearson product moment correlation
coefficient=—10.39; p =0.059

not indicate that treatment with the probiotics elicited any
form of hepatoprotective effect in the trypanosomic rats. In
fact, when the probiotic-treated groups were compared to the
infected control, their serum ALT and AST activities were
similar irrespective of the dosage administered and did not
compare favourably to those of the uninfected control.

Remarkably, the mean serum AST activities fell sharply
following the establishment of the infection in all infected
groups. Itis very unlikely that the low AST activities observed
in this study was induced by treatment with the multistrain
probiotics bearing in mind that the infected control group,
similarly, had very low serum AST activity. It is probable,
therefore, that the decline was a trypanosomosis-induced clin-
ical pathology which the probiotics treatment failed to reverse
to normal. More often than not, trypanosomosis is character-
ized by elevated AST activity, and in fact, only few reports
(Sow et al. 2014; Nongo et al. 2015) exist where
trypanosomosis was characterized by decline in serum aspar-
tate transaminase activity in animals as was seen from this
study. The basis for low activities (below reference ranges)
of ALT or AST in vertebrates remains unclear, and its associ-
ation with any defined disease state is still inconclusive.
However, in haemodialysis patients, some workers have at-
tributed this condition to vitamin B6 deficiency precipitated
by the existing disease condition (Ono et al. 1995).

After establishment of the infection, the AST-ALT ratio
followed similar pattern as the serum AST activity, where all
the infected groups, with or without probiotics treatment, had
low and similar AST-ALT ratios. This shows that depressed
AST levels had an overwhelming effect on the ratio, thereby
minimizing its conventional diagnostic usefulness. When the
logarithmic parasitaemia levels were plotted against the AST-
ALT ratio, a random moderately strong, negative correlation
was observed. The two possible explanations to this phenom-
enon is either that rising parasitaemia levels do not directly
correlate with increasing liver pathology in trypanosomosis,
or that simply the remarkably depressed AST component of
the ratio successfully distorted the picture. Nonetheless, the
AST-ALT ratio versus parasitaemia correlation was not statis-
tically significant.

It has been opined that consumption of probiotics may
improve the nutritional value of diets through enhanced diges-
tion of feed (Gogineni et al. 2013), which would translate to
improved energy balance, body condition and weight gain.
Nonetheless, no significant variation in body weight was ob-
served among the probiotic-treated groups and the controls.
Positive effect on weight gain or loss was simply not there or
may have required a longer period of administration of the
probiotics in order to be seen. Such long period of supplemen-
tation was practically impossible in the present study consid-
ering that full blown trypanosomosis in rat models can invari-
ably lead to a hundred percent mortality within 1 month.
Treatment with the probiotic strains did not improve the

@ Springer
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Table 3 Mean body weight (in grams) of rats treated with multistrain probiotics and infected with Trypanosoma brucei
Groups A (INF + 1B CFU B (INF+5B C (INF+ 10B D (INF + E (non INF + F value; P value
MP) CFU) CFU untreated) untreated)
Day 0°PS 254.67 + 18.22 250.33 +£3548 253.17 £30.39  244.50 + 33.86 255.67+38.89 F(4,25)=0.117; p=0.975
Day 14  249.67 + 1691 249.17 £3936  251.83 +£22.93  254.17 + 37.90 260.50+36.58 F(4,25)=0.124; p=0.9743
PS
Day 21 267.75 + 22.10 253.67 £ 18.87  267.50 £ 5.51 266.60 + 52.37 290. 83+£39.79 F(4, 16)=0.746; Sig. =
PS 0.575

INF infected, B billion, CFU colony forming units of multistrain probiotics, ¥ ANOVA statistic

* Start of supplementation

survivability or overall health of the infected groups; in fact,
by day 27 post-supplementation, all the infected groups re-
corded a hundred percent mortality.

The study shows that trypanosomic rats did not benefit
meaningfully from probiotic supplementation and treatment
with respect to serum ALT and AST activities, weight gain
and survivability. This finding is similar to the report of
Firouzi et al. (2015) who demonstrated that following treat-
ment with multistrain probiotic mix containing Lactobacillus
acidophilus, Lactobacillus casei, Lactobacillus lactis,
Bifidobacterium bifidum, Bifidobacterium longum and
Bifidobacterium infantis no significant improvement were ob-
served in ALT and AST activities in diabetic patients. A
similar study by Asemi et al. (2015) also reported non-
improvement in liver function parameters following probiotic
treatment in diabetic patients. However, several other reports
(Kirpich et al. 2008; Khalesi et al. 2018) of improvement in
liver function indicators following treatment with probiotics
contrast our findings. The major reason for this contrast may
be difference in strains of probiotic organisms administered in

100

—
X g
b
v
1
S
8 6
g
3 4
Q
2
g
£
0
0 ,
2 17 24 27
Days post-supplementation
—+—A(INF+ 1B CFU) B(INF + 58 CFU) —i—C (INF+ 108 CFU)

++3{++ D (INF + UNTREATED) === E (NON INF + UNTREATED)

Fig. 3 Percentage survivability scores of rats treated with a multistrain
probiotics and infected with Trypanosoma brucei
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the various studies. It is known that the bioactivities of
probiotics are strain specific (Gogineni et al. 2013; Okolo
et al. 2020), which implies that the same biological effect
may not be elicited by probiotic organisms belonging to dif-
ferent strains although they share the same genus and species.
The strains employed for this study may simply not boast any
hepatoprotective activity, whereas they may be useful in other
conditions. In addition, probiotic products are usually dis-
persed in inactive excipients (Good and Wu 2017; Okolo
et al. 2019b), and Khalesi et al. (2018) showed that inclusion
of prebiotics (non-digestible dietary supplements) in the
probiotic-excipient mix may enhance the bioactivity of the
probiotics by providing fermentable nutrients for multiplica-
tion of probiotic strains in vivo. The probiotic preparation
used in the current study was void of prebiotics, and it there-
fore remains to be verified whether the presence of prebiotics
could make a desirable difference in a study such as this.
Further studies towards developing specific probiotic strains
with activity on the gut-liver axis, and towards exploring pro-
biotic and prebiotic combinations will be worthwhile.

Conclusion

In summary, while supplementation with the multistrain pro-
biotic mix was innocuous to liver function in naive rat models,
in rats suffering trypanosomosis, its usefulness for prevention
or management of liver damage with respect to serum AST
and ALT activities, AST-ALT ratio or the improvement of
body weight and survivability was clearly absent.
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