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Abstract

Introduction: Kalanchoe pinnata extracts have been shown to possess beneficial cardiovascular effects, analgesic and
myorelaxant activities. This study aimed at evaluating the haematological and anti-fatigue effects of its aqueous extract.

Materials and methods: This was an in vivo pharmacological experiment, carried out in the Laboratory of Zoology,
University of Buea, from January to May 2018. A total of 48 mice were subjected to a 90mins/day-free endurance
swimming test for 14 days. Two groups of mice received distilled water and 12% NaCl solution, respectively. Five groups
received the plant extract (25, 50, 100 and 200 mg/kg/day) and 200mg/kg/day+NaCl. One positive control group
received 5% Vitamin C (1.97mg/kg/day). All administrations were by gavage. Maximum swimming time, glycaemia,
lactatemia, uremia, triglyceridemia, haematological indices, tissue glutathion peroxidase, malondialdehyde, glucose and
creatine kinase-MB in the heart or gastrocnemius muscle were measured.

Results: K. pinnata (50 and 100mg/kg/day) induced a non-significant increase of the swimming duration, compared to
neutral control. However, the 12%NacCl group recorded a significant (P<0.05) increase. In the blood, NaCl induced a
decrease of platelets that was significantly reverted by the extract in the 200mg/kg+NaCl group. The extract prevented
the increase of the level of CK-MB in NaCl group and decreased the serum triglycerides, glucose, urea nitrogen and
Lactate levels. In the tissues, MDA and CK-MB levels significantly increased (P<0.001) in the negative control. These
increases were significantly (P<0.001) prevented by K. pinnata (200mg/kg/day).

Conclusions: Significant biochemical variations support the hypothesis that K. pinnata could be used to delay exercise
induced fatigue.
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1. Introduction

Regular exercise is known to help improve health and alleviate cardiovascular diseases, diabetes and even cancer [1].
However, strenuous exercise causes excessive production of reactive oxygen species, lipid peroxides, and lactic acid,
which can damage muscle tissues [2]. The determination of exercise tolerance of an animal is done by assessment
through physical examination of heart and respiratory rates [3, 4], but haematological and biochemical changes may
also be strong indicators of endurance [5]. In endurance races, stress and fatigue can be clearly expressed by changes
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in circulating erythrocyte and leucocyte numbers. Tissue remodeling can also occur and this is seen as changes in plasma
urea, proteins and Creatine-Kinase (CK) [6]. Furthermore, endurance performances have exhibited elevated muscle
enzymes such as CK and Lactate Dehydrogenase [7]. Kalanchoe pinnata has been shown to possess beneficial
cardiovascular, analgesic, anti-inflammatory, anti-oxidant and myorelaxant activities [8, 9, 10]. We hypothesized that
Kalanchoe pinnata could be used to improve the haematological profile and delay the exhaustion time of exercising
mice. This study aimed at evaluating the effects of the aqueous leaf extract of K. pinnata on the haematological and
fatigue status of mouse.

2. Material and methods

2.1. Plant material and extraction

Fresh leaves of Kalanchoe pinnata were harvested in Buea (Cameroon), in May 2017 and authenticated at the Limbe
Botanical Herbarium, South West Cameroon, where a specimen has been deposited (Voucher Number SCA2770). The
material (2kg) was pounded by means of porcelain laboratory pounding cup, and then macerated with water (3L) for
24hours. This step was followed by filtration and evaporation in the oven (459C) yielding 59.2 g (2.96%) of dried
powder. The stock solution (1g/mL) was prepared by dissolving the above extract in distilled water. The following
concentrations of extract were used: 2, 4, 8 and 16mg/mL respectively for the doses of 25, 50, 100 and 200mg/kg. Oral
administration of the plant extract was performed using a non-flexible gavage needle with round end, fixed at the
extremity of a syringe.

2.2. Animals rearing and distribution of groups

Animals were reared in the Animal House of Department of Zoology and Animal Physiology, University of Buea, in plastic
cages; under 12hour-day/night natural cycle and 252C-temperature. They were carefully handled according to
International Guidelines (CIOMS) [11]. Access to feed and water was ad-libitum. The feed was a standard mice chow
(National Veterinary Laboratory (LANAVET), Cameroon) composed of carbohydrates (52%), protein (22%), fat (6.5%),
water (12%), fishmeal (6%), and fiber (4.5%).

A total of 48 mice were divided randomly into eight groups of six mice each. Group 1, a neutral control, received the
vehicle (distilled water) only. Groups 2, 3, 4, 5 received 25, 50, 100 and 200mg/kg, respectively, of K. pinnata extract
orally daily, for 14 days. Group 6 received only 12% NaCl and group 7 was given 12% NaCl, ten minutes after K. pinnata
administration (200mg/kg). Group 8 received Vitamin C (50 mg/kg, per os). 12% NaCl was administered to groups 6
and 7 to promote electrolytic imbalance of the internal environment and eventually cardiovascular dysfunctions [12,
13, 14].

2.3. The 90-minute free swimming test

One hour after the oral administration of mice with the extract, reference solution or the vehicle as described previously
[15], each animal was subjected to the 90-minute free swimming training. The tests were repeated from day 1 to day
14. Each animal was placed individually in a swimming bath (90 cm length x 45 cm width x 45 cm height), filled with
water to a depth of 35 cm and maintained at 25+1°C. The swimming duration was recorded immediately at the
exhaustion. Fatigue was determined by failure of coordinated movements and incapacity to return to the surface within
10 sec. The mice were then removed from the swimming bath, dried with a paper towel, and returned to their original
cages. The bath water was replaced after each session.15> One hour after the final dose treatment on day 14, mice from
each group were subjected again to the 90-minutes free swimming test and their performances recorded.

2.4. Sacrifice of animals and sample collection

On the 14th day of experiment and about 30 minutes after the last recording, mice were anaesthetized using chloroform
99%. About 3-4mL of blood was collected by cardiac puncture using a 5mL syringe. Part of the blood collected from
each animal in properly labelled 5mL EDTA tubes was shaken gently to allow it homogenize. It was then processed for
the analysis of haematological parameters. The remaining blood was collected in dried tube, allowed to rest at room
temperature for 40-60mins. It was then centrifuged at 3000rpm at 4°C for 10mins to obtain serum (stored at - 28°C)
for the analysis of biochemical parameters: CK-MB, blood glucose (Glu), triglycerides (TG), blood lactic acid (BLA), and
blood urea nitrogen (BUN).

Immediately after blood collection, the mice were decapitated. The heart and hind limb muscle of each mouse was
dissected out for biochemical analyses. The heart and right gastrocnemius muscles were cleaned using 0.9% saline and
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then weighed using a sensitive electronic balance. All tissue samples above were taken and stored frozen at -28°C
awaiting homogenates preparation.

2.5. Haematological analyses

A blood count was ran using the Full Blood Count machine, URIT 3300 following the manufacturer’s instructions, to
automatically get the following indices: white blood cells (WBC), monocyte (MON), lymphocyte (LYM), granulocyte
(GRA), haematocrit (HCT), red blood cell (RBC), platelet (PLT) and haemoglobin (Hb).

2.6. Biochemical analyses of the serum

Serum glycaemia, CK-MB, serum triglyceride, serum lactatemia, and serum urea nitrogen were determined. The serum
levels of glucose were evaluated using a glucometer (Accu-Chek Active Meter). The triglyceride and CK-MB
concentrations were, by spectrophotometry, measured using a commercial kit for measurement of triglycerides in
serum or plasma (CHRONOLAB SYSTEMS, Diputacién 260, Spain, 2014 version and Travessia Prat de la Riba, Spain and
2017 Version respectively). Serum lactic acid concentrations were determined using an L-lactate assay kit (Abcam
65331 L-Lactate assay kit). Finally, levels of urea nitrogen were measured using an enzymatic method with Bioassay
System, CA Kit (QuantiChrom™ Urea Assay Kit).

2.6.1. Determination of Creatine Kinase-MB

The experimental conditions and procedure were respected, as instructed by the manufacturer (Chronolab, Travessia
Prat de la Riba, Spain and 2017 Version). The spectrophotometer was set at 340nm, at room temperature 24-25°C. A
1cm light path cuvette was used. The equipment was adjusted to zero with distilled water. R1, the buffer, contained
imidazole at pH 6.7 (100 mmol/L), glucose (20 mmol/L), magnesium acetate (10 mmol/L) and EDTA (2 mmol/L). Rz
contained an anti CK-MB (2000 U/L), ADP (2 mmol/L), AMP (5 mmol/L), di-Adenosine-5-pentaphosphate (10 mmol/L),
NADP* (2 mmol/L), hexoquinase (HK, 2500 U/L), glucose-6-phosphate dehydrogenase (1500 U/L), N-acetyl cysteine
(20 mmol/L) and creatinine phosphate (30 mmol/L). The two reagents (R1and Rz) were mixed and incubated for 10
minutes. The initial absorbance (A1) of the sample was recorded and the stopwatch was started. The value was recorded
after 5 minutes again (Az). The difference in the absorbance was then calculated as follows: Change in Absorbance (AA)
= Final Absorbance (A:z) - Initial Absorbance (A1).

Conversion: AAx 1651=U/L CK-MB.

2.6.2. Determination of Triglyceride

The kit was used following the CHRONOLAB SYSTEMS manual. The reagent was prepared by strictly following the
prescription, then incubated for 5 minutes at 37°C. The absorbance (A) of the samples was read against the Blank. The
calculation was done as follows:

A)Sample x Standard concentration
A)Standard

= mg/dL triglycerides in the sample.

Conversion: mg/dL x 0.0113 = mmol/L

2.6.3. Determination of L-lactate

Similarly to the above, reagents were prepared following the manufacturer’s instructions and serum analysed. The
concentration of L-lactate in the test samples was calculated as:

Lactate concentration (nmol/pL) = (La / Sv) * D
Where: La = amount of Lactic acid in the sample well calculated from standard curve (nmol).
Sv = volume of sample added into the well (uL). D = sample dilution factor.

2.6.4. Determination of Urea Nitrogen

With regards to Blood Urea Nitrogen (BUN) calculation, reagents and samples were prepared following manufacturer’s
instructions. After gently mixing, the vials were incubated for 20 min and Optical Density (OD) read. Calculation of Urea
concentration (mg/dL) of the sample was done as follows:
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[Urea] (mg/dL) = (ODsample - ODblank] / [ODstandard - ODblank] x n x [Std]

Where ODsampte, ODblank and ODstandard are OD values of sample, blank and standard, respectively. n is the dilution factor.
[Std] = 50 (or 5 for low urea samples), urea standard concentration (mg/dL).

Conversion: BUN (mg/dL) = [Urea] / 2.14

2.7. Homogenate preparation and analyses

The tissues were used to prepare 20mg tissue/mL homogenate of tissue by homogenizing in phosphate buffer (pH 7.4).
The homogenates were centrifuged at 10,000 rpm for 10 min at 4°C, and the resulting supernatant was used for the
biochemical measurement. From each muscle, 10% (w/v) homogenate was prepared with ice-cold 0.1M phosphate
buffer (pH 7.4). From the supernatants, glutathione peroxidase (GPx), Malondialdehyde (MDA) and creatine kinase-MB
concentrations were assessed. For the glycogen determination, a specific protocol was followed.

2.7.1. Measurement of glycogen level

Heart and gastrocnemius muscle glycogen concentrations were measured calorimetrically using anthrone reagent [16].
Briefly, after hydrolysis of the heart and gastrocnemius muscle samples in 30% KOH at 100°C for 30min, the preparation
was cooled in an ice bath, then 1.5mL of 95% ethanol added to the vials. After centrifugation at 10,000 rpm for 15min,
the supernatants were allowed to descant and the tubes were allowed to drain on a filter paper for 4-5 mins. 0.5mL of
distilled water and 1mL of 0.2% anthrone were added, and the vials were placed in a boiling water bath for 20min. The
absorbance of the solution in vials was determined at 620nm using a calorimeter (V-530, Jasco Co., Japan). The level of
glycogen is expressed as mg/g wet tissue.

2.7.2. Measurement of glutathione peroxidase level

Heart and skeletal muscle glutathione Peroxidase (GPx) was measured according to the method of Ellman (1959). An
equal quantity of homogenate was mixed with 10% trichloroacetic acid and centrifuged to separate the proteins. 2mL
of phosphate buffer (pH 8.4), 0.5mL of 5'5-dithiobis (2-nitrobenzoic acid) and 0.4mL of double distilled water were
added to 0.01mL of this supernatant. The mixture was vortexed and the absorbance read at 412nm within 15min. The
concentration of glutathione peroxidase was expressed as pg/g tissue, using the law of Beer-Lambert: oD =
£.C.L ; where

€: the extinction coefficient = 13600 mole-1.cm; C: the concentration of the sample (in the cuvette); L: light path=1 cm.

2.7.3. Measurement of malondialdehyde level

Malondialdehyde (MDA), was measured as described by Liu et al. in 1990. The reagents acetic acid 1.5mL (20%, pH 3.5),
1.5mL thiobarbituric acid (0.8%) and 0.2mL sodium dodecyl sulphate (8.1%) were added to 0.1mL of processed tissue
samples, and then heated at 100°C for 60 min. The mixture was cooled then 5mL of n-butanol/pyridine (15: 1) and 1mL
of distilled water were added. The mixture was vortexed vigorously. After centrifugation at 4000 rpm for 10min, the
organic layer was separated and absorbance was measured at 532nm using a spectrophotometer. The concentration of
MDA is expressed in nmol/g tissue.

0D xVt

MDA i = —
[ ](mmol/g tissu) XL Vixm

Where OD: optical density; Vt: total volume of the medium (cuvette) (mL); Vi: volume of the sample (in the cuvette)
(mL); m: weight of used tissue (g); L: light path= 1cm; &: the extinction coefficient= 1,56x105> mmol-l.cm1.
2.7.4. Determination of Creatine Kinase - MB

Similarly to serum analysis, the supernatant collected after centrifugation of homogenates was analysed.

2.8. Statistical analyses

Data were expressed as mean * standard error of the means (S.E.M.) per group. Statistical differences between control
and treated groups were tested by one-way analysis of variance (ANOVA), followed by the Tukey’s multiple comparison
test. The differences were considered significant at P<0.05. The statistical package used for the analysis was GraphPad
InStat 3.10 for Window (GraphPad Software, San Diego, CA, USA) and Excel.
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2.9. List of abbreviations

BLA Blood lactic acid

BUN  Blood urea nitrogen
CAT Catalase

CK Creatine-Kinase

Glu Blood glucose

Glyco Glycogen

GRA  Granulocyte

GPx Glutathione peroxidase
GSH glutathione

Hb Haemoglobin

HCT Haematocrit

K. pinnata Kalanchoe pinnata
LYM  Lymphocyte

MDA  Malondialdehyde
MON  Monocyte

NC Neutral control

PLT Platelet

RBC Red blood cell

SOD superoxide dismutase
TG Triglycerides

WBC  White blood cell

3. Results

3.1. Evaluation of total swimming endurance time per group

Figure 1 below shows the swimming duration in various groups after a 14-day treatment. The effect of K. pinnata extract
on the swimming duration was not dose-dependent. A non-significant increase of the swimming duration was observed
in the groups administered with 50 and 100mg/kg/day of the plant extract, compared to neutral control. Group 2 (12%
NaCl) recorded a significant (P<0.05) increase that was not reverted by the extract at the highest dose
(200mg/kg+NaCl). The positive control group (Vit C) equally showed a significance increase of the swimming duration
(P<0.05), compared to the neutral control
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Figure 1 The effects of Kalanchoe pinnata aqueous extract on the swimming duration of mice
Each value represents the mean+SEM, n=6. *P<0.05 (significantly different from NC). NC: neutral control. NaCl and Vit

C are negative and positive controls, respectively. 200+NaCl group received K. pinnata extract (200mg/kg) concurrently
with 12%NaCl.
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3.2. Effects of Kalanchoe pinnata aqueous extract on haematological indices

The RBC in the treatment groups 50mg/kg and 200mg/kg+NaCl were significantly lower than the neutral control group
(P<0.05, P<0.01 respectively). No other significant change was observed with the administration of the extract at the
doses 25, 100 and 200mg/kg/day. Also platelets significantly decreased in the negative control (NaCl group, P<0.01)
compared to normal control, while this variation was largely reverted in the 200mg/kg+NaCl (P<0.001). There were no
significant differences in the percentage haematocrit and haemoglobin concentrations (Table 1)

3.3. The effects of Kalanchoe pinnata aqueous extract on leukocytes of mice

The administration of K. pinnata extract did not cause any significant variation of the levels of WBC, compared to the
neutral control group; a non-significant decrease was observed in the negative control (NaCl group). However, there
was a significant increase (P<0.001) in the group administered with 200mg/kg+NaCl, compared to the NaCl group.
Compared to lymphocytes in the neutral control, all groups showed significant decrease (P<0.01) (Table 2).

3.4. The effects of Kalanchoe pinnata aqueous extract on serum biomarkers of fatigue

Serum glycaemia, CK-MB, triglyceride, lactatemia, and urea nitrogen were determined. Compared to the neutral control
group, a significant decrease of the glycaemia was observed in the group treated with 200mg/Kg (from 123.50+9.70 to
71.76+£0.70mg/dL, P<0.05). A significant increase of the level of CK-MB was observed in animals administered with
NaCl, compared to neutral control (from 2.87+0.24 to 7.99+£0.155 U/L, P<0.001). When concurrently administered with
K. pinnata (200mg/kg), the plant extract prevented the increase induced by NaCl alone (from 7.99+0.16 to 2.9+0.23,
P<0.001). The level of CK-MB in Vit C administered animals was comparable to the neutral control and the
200mg/kg+NaCl groups. The plant extract caused a significant (P<0.001) decrease of the level of triglycerides,
compared to neutral control, at all administered doses. However, when administered concurrently with NaCl, there was
a significant increase (P<0.05). Compared to neutral control, a significant decrease of the levels of urea nitrogen and L-
lactate was observed in all the groups, except 200mg/kg+NacCl (Table 3).

3.5. The effects of Kalanchoe pinnata aqueous extract on biomarkers in heart muscle of mice

As shown in table 4, the treatment of animals for two weeks with K. pinnata extract (50-200mg/kg/day) had no
significant effect on the levels of MDA, GPx and CK-MB in the heart, compared to neutral control. MDA and CK-MB levels
in the heart significantly increased (P<0.001) only in the negative control group treated with 12%NaCl. These increases
were significantly (P<0.001) prevented by the treatment of animals with K pinnata (200mg/kg/day) in the
200mg/kg+NaCl group. There was no significant difference in glutathione peroxidase levels in any treatment group,
when compared to the neutral control (P > 0.05)

3.6. The effects of Kalanchoe pinnata aqueous extract on biochemical markers in gastrocnemius muscle of
mice.

Table 5 shows that in the gastrocnenius muscle, there was a significant increase of the levels of MDA in animal groups
treated with 12%NaCl and K pinnata at the doses of 25 and 50mg/kg/day (P<0.0001 and P<0.001 respectively),
compared to neutral control. When compared to 12%NaCl group, the MDA in the 200+NaCl group was significantly
lower (P<0.0001).

Glutathion peroxidase levels in the muscles significantly decreased only for the 12%NacCl treatment group, compared
to the neutral control (P<0.01). A similar decrease was observed for the level of glucose in all the groups except 50 and
100mg/Kg/day
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Table 1 The effects of Kalanchoe pinnata aqueous extract on RBC, platelets, haematocrit and Hb of mice

Animal group | NC NacCl 25 50 100 200 200+NacCl VitC

PLAx103/mm3 569.40+6.1 | 519.57+10.82** | 585+ 10.35 606.34+9.0 604.24+8.8 577.58+8.2 589.11+5.254 574.28+4.8
Hb (g/dL) 10.52+0.06 10.75+0.25 10.70+0.1 10.62+0.05 10.88+0.16 10.73+0.19 10.61+0.07 10.58+0.04
RBCx10¢/mm3 5.75+0.08 5.45+0.11 5.42+0.10 5.28+0.05* 5.38+0.12 5.37+0.09 5.23+0.03** 5.38+0.12
HCT (%) 27.74+0.62 28.41+0.42 28.82+0.3 28.03+0.71 27.30£0.53 28.35+0.49 28.83+0.38 28.29+0.49

Each value represents the mean + SEM, n=6. *P<0.05, **P<0.01 (significantly different from neutral control group). dP<0.0 (Significantly different from negative control group). NC: neutral control. NaCl and
Vit C are negative and positive controls, respectively. 200+NaCl group received K. pinnata extract (200mg/kg) concurrently with 12%NaCl.

Table 2 Effects of Kalanchoe pinnata aqueous extract on leukocytes of mice

Animal group | WBCx103mm3 | Lymphpocytes | Percentage lymphocytes | Granulocytes | Percentage granulocyte | Monocytes | Percentage monocytes
NC 10.44+0.32 7.55+0.12 51.72+0.57 2.65+0.09 19.40+0.16 1.44+0.13 2.65+0.009

NaCl 9.25+0.19 5.47+0.11 ** 57.11+1.08 2.32+0.15 19.00+0.19 1.52+0.11 2.32+0.15

25 10.52+0.11 5.82+0.04 ** 65.42+1.19 * 2.37£0.15 19.02+0.22 2.77+1.56 2.37+0.15

50 10.69+0.18 5.24+0.17 ** 73.45+0.91 ** 2.19+0.10 19.05+0.32 1.49+0.11 2.19+0.10

100 10.61+0.99 4.75+0.05%* 72.40+3.8 ** 2.29+0.10 18.74+0.28 1.42+0.07 2.29+0.12

200 10.71+0.18 5.78+0.12 ** 65.46+2.19 * 2.31+£0.09 18.82+0.31 1.65+0.10 2.31+0.09
200+NaCl 11.29+0.32¢ 5.41+0.19 ** 70.44+1.78 ** ¢ 2.53+0.14 18.89+0.36 1.71+0.08 2.53+0.14

Vit C 11.04+0.19 5.55+0.17 * 73.12+1.99 ** 2.20+0.06 18.66+0.25 1.53+0.09 2.20+0.06

Each value represents the mean + SEM, n=6. *P<0.01, **P<0.001 (Significantly different from neutral control), dP< 0.001 (significantly different from negative control). NC: neutral control. NaCl and Vit C
are negative and positive controls, respectively. 200+NaCl group received K. pinnata extract (200mg/kg) concurrently with 12%NaCl
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Table 3 Effects of Kalanchoe pinnata aqueous extract on biomarkers of fatigue in the blood

Animal Group NC NaCl 25 50 100 200 200+NaCl |VitC

Glycemia (mg/dL) 123.5049.7 | 94.27+1.96 90.89+2.87 89.05+1.7 84.62+1.2 71.76x0.70* |95.23+1.35| 94.95+1.84
CK-MB (U/L) 2.87+0.24 | 7.99+£0.155** | 3.013+0.14 3.92+0.16 4.60£0.10 4.72+0.08 2.9+0.23a 2.86+0.15
Trygliceride (mg/dL) | 131.0+1.7 | 147.28+5.3 |100.62+2.05** | 65.13+2.83** | 53.44+2.18** | 47.26+1.63** | 172.5+4.4* | 147.21+3.7*
Urea (mg/dL) 41.49+0.63 | 34.29+0.83* | 30.508+1.24* | 23.22+0.83** | 23.31+£1.56** | 19.96+0.63*** | 45.14+1.36 | 26.02+1.02**
Lactatemia (mmol/L) | 35.23+0.88 | 26.63+0.59* | 23.5+0.95** | 28.4+1.19** | 18.8+0.50*** | 18.52+0.43** | 36.03+1.16 | 18.75+0.26***

Each value represents the mean + SEM, n=6. *P < 0.05, **P < 0.001, ***P<0.0001 (significantly different from the neutral control group), aP < 0.001 (significantly different from NaCl group).
NC: neutral control. NaCl and Vit C are negative and positive controls, respectively. 200+NaCl group received K. pinnata extract (200mg/kg) concurrently with 12%NacCl

Table 4 Effects of Kalanchoe pinnata aqueous extract on biochemical markers in heart muscle of mice

Animal group NC NacCl 25 50 100 200 200+NacCl Vit C

MDA (umol/g) 24.10+1.72 37.45+1.46* 28.71+3.63 | 27.82+1.37 | 26.04+1.48 | 25.32+1.00 | 24.44+1.892 | 24.05+1.69
GPx (umol/mg protein) 0.75+0.04 0.54+0.07 0.64+0.14 0.73+0.09 0.74+0.05 0.81+0.10 0.66+0.11 0.81+0.08

Glyco (mg/g) 1.15+0.05 1.07+0.03 1.03+0.27 0.81+0.19 0.56+0.07** | 0.57+0.08** | 0.73+0.09* | 0.48+0.08**
CK-MB (umol/g) 6.07+0.8 9.28+0.37* 5.33+0.16 5.14+0.30 5.72+0.38 6.40+0.75 5.74+0.682 5.92+0.98

Each value represents the mean + SEM, n=6. *P<0.001 (significantly different from neutral control); 2P<0.001 (significantly different from negative control). NC:
Neutral control. NaCl and Vit C are negative and positive controls, respectively. 200+NaCl group received K. pinnata extract (200mg/kg) concurrently with 12%NaCl

Table 5 Effects of Kalanchoe pinnata aqueous extract on biochemical markers in gastrocnemius muscle of mice

Animal group NC NacCl 25 50 100 200 200+NacCl Vit C

MDA (umol/g) 19.93+0.73 | 38.83+0.72**%** | 3584+0.9%*** | 26.96+1.22*** | 22.2+1.68 22.58+2.82 21.48+1.55 | 18.86+0.70
GPx (umol/mg protein) | 0.79+0.02 0.45+0.07** 0.72+0.14 0.77+0.10 0.77+0.08 0.83+0.05 0.95+0.052 0.88+0.06
Glyco (mg/g) 1.08+0.03 1.78+0.16* 1.41+0.30 1.41+0.32 0.57+0.09** | 0.55+0.08*** | 0.66+0.102 0.48+0.08***

Each value represents the mean + SEM, n=6. *P<0.05, **P<0.01 ***P<0.001, ****P<0.0001 (significantly different from the neutral control group); 2P<0.01, "P<0.0001 (significantly different from the negative

control group).
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4., Discussion

This study aimed at evaluating the effects of the aqueous leaf extract of K. pinnata on the haematological and fatigue
status of mice performing in the free-swimming endurance test. The free swimming endurance test represents a valid
animal model for screening anti-fatigue potency of bioactive compounds [17]. A good haematological profile with
normal indices ranges is definitely beneficial in the performance of athletes. A drop of the level of haemoglobin and/or
red blood cells would be harmful to individuals during aerobic race like endurance swimming. There were controversial
findings in this study as the RBC in the treatment groups 50mg/kg and 200mg/kg+NaCl were significantly lower than
the neutral control group meanwhile no change was observed with the lone administration of the extract at 25, 100 and
200mg/kg of body weight/day. Platelets are known to prevent excessive posttraumatic blood loss at sites of vascular
injury by forming a platelet plug [18]. The extract at the highest dose of 200mg/kg/day was able to prevent the drop of
platelets caused by the lone administration of NaCl, this could be beneficial in the prevention of haemorrhage. The
extract did not lower the Haemoglobin level. Haemoglobin is the main component of erythrocytes whose main function
is to serve as the carrier for oxygen and carbon dioxide. Hb also plays a role in the maintenance of the body fluid’s
acid/alkaline balance [19]. Therefore, it can directly affect energy metabolism, body function, and exercise ability, the
loading capacity of the exercise and consequently fatigue [20]. Hb normally is one of the indicators that reflect the
degree of recovery from fatigue after exercise, and higher levels of Hb can improve exercise ability [21]; it is rather
advantageous that no noxious effect of the plant extract was observed on this blood index. Our results are in line with
the findings by Okwari et al. [22]

12%NaCl was administered with the purpose to create a permanent electrolytic imbalance in the internal environment
during the experiment and prompt the heart of treated mice to cardiovascular impairments such as myocardial stiffness,
hypertension or any other cardiovascular condition that could harden the work of the heart [12, 13, 14]; in the same
line it has been reported by Dobrian et al. [12] that high NaCl diet can increase the oxidative stress in rodents, all of the
above suggesting a possible impairment of the mice performances. Surprisingly, we observed a significantly greater
endurance from the treated mice. On the other hand, it has been reported that too much sodium is harmful to both heart
health/efficiency [13, 14, 23], thus the fact that the extract prevents the harmful effect of NaCl is without any doubt very
advantageous. Nevertheless, administration of the extract during a sub-chronic to chronic experimentation will
definitely offer better chances to improve the healthy condition of the heart and therefore allow the heart to perform
better during endurance swimming: that should be a strong contribution to the delay of the onset of fatigue in
performing mice. Thus future investigations should be carried out for a 4-week experimental period. The results showed
that the swimming time to exhaustion was significantly longer for negative (NaCl) and positive (Vit C) than the neutral
control group. Vit C has been proven to act as an anti-oxidant and anti-fatigue agent [24]. Once more, while the findings
for Vit C are in order, it is rather strange that NaCl administered mice were similarly tolerant to exercise.

A non significant increase of the swimming duration was observed in the groups administered with 50 and 100mg/kg
of body weight/day of the plant extract. Although this observation does not clearly argue in favour of the anti-fatigue
activity of the extract, the biochemical analyses of the effects of K. pinnata on the levels of BUN and BLA showed a
reduction of these biomarkers of fatigue by the plant extract. The latter observations are rather favourable to a potential
anti-fatigue activity of the extract, since it has been reported that such decreases are indicative of anti-fatigue properties
[15, 25, 26].1n fact, BUN levels and the degree of exercise tolerance is well known [26]. The less adapted or tolerant the
body is to prolonged exercise, the more significant the rise in BUN levels following protracted exercise [27]. The results
therefore suggest that, treatment with Kalanchoe pinnata aqueous extract for 14 days can contribute to fatigue
retardation by reducing protein catabolism directly in the tissues and blood urea indirectly during exercise. With the
accumulation of blood lactate, blood and muscle tissue pH reduces, a condition which is harmful to some vital organs
and which also causes fatigue [28]. Blood lactate levels are therefore representative of the degree of post exercise fatigue
and the condition of recovery [29]. Anti-fatigue agents have been shown to effectively work by delaying lactate
accumulation either by reducing the glycolytic process or by increasing the rate of removal of blood lactate [30]. The
leaf extract of Kalanchoe pinnata could effectively delay the onset of fatigue through one or both of these mechanisms.
However, the treatment duration of two weeks might have been short for animal to acquire significant tolerance to
endurance exercise, expressed by significant delay of the exhaustion times.

On the other hand, the reduction of blood glucose and triglycerides by the extract, as well as the prevention by
200mg/kg of extract of the increase of CK-MB caused by NaCl argue in favour of a proper utilization of those energy
sources by the animals; as well as a cardioprotective activity of the plant extract. More specifically eventual cardiac
infarctus could be prevented.? These beneficial effects of the extract might directly improve the ability of the mice to
perform, thus limiting their move towards fatigue. However, the reduced blood glucose might be interpreted also as the
fact that the extract does not stimulate the breakdown of liver/muscle glycogen to glucose, while glucose is being used
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adequately. In that case instead it might not always be advantageous, since high levels of glucose need to be metabolized
to improve on the performance and tolerance to endurance exercise [31]. Heart and gastrocnemius muscle glycogen
reserves constitute reliable determinants of fatigue on which endurance capacity relies [32]. Following the free-
swimming endurance test, Kalanchoe pinnata extract-treated mice at 100 and 200 mg/kg maintained significantly lower
concentrations of gastrocnemius muscle and heart glycogen reserves, compared with the controls. The importance of
muscle glycogen levels in endurance exercise has been demonstrated and it is suggested that depletion of muscle
glycogen is an important factor in fatigue and exhaustion [26]. However, there is evidence that energy provision for
intense prolonged aerobic muscular work relies more on fat utilization [33].

In this study, serum triglyceride levels were significantly lowered in all extract treated groups, compared with the
controls, meaning that K. pinnata extract could have some properties to delay the onset of vascular diseases, such as
atherosclerosis due to fat deposit. The plant extract caused a decrease of the level glucose in the gastrocnemius and
once more this might not appear, at the first glance, as a beneficial activity of the plant extract for performance and
tolerance to fatigue. However, the associated significant drop in serum triglyceride concentrations and muscle glucose
level after endurance exercise suggest that K. pinnata extract preferentially promoted the utilization of fat during
prolonged exercise, a glycogen-sparing mechanism that delays the onset of fatigue [34]. There is experimental evidence
that endurance can be improved by increasing the availability of fatty acids while slowing glycogen depletion [35].

Intense physical exercise also causes oxidative stress in the body due to excessive generation of oxygen-derived free
radicals. Some evidence indicates that reactive oxygen species (ROS) are responsible for exercise induced protein
oxidation and contribute strongly to muscle fatigue [36, 37]. Malone dialdehyde (MDA) is one of the degradation
products in the lipid peroxidation process [38]. 12%NaCl caused significant increase of MDA in both the heart and the
gastrocnemius, but no significant variation was observed in the groups receiving solely the extract, especially at 100
and 200mg/kg/day. The highest dose of extract prevented this MDA increase, so confirming the antioxidant activity of
the extract [39] and in the meantime an anti-fatigue property. Antioxidant properties have been reported as strong
contributors to anti-fatigue activities [15, 40]. Glutathione peroxidase, another biomarker of oxidative stress. decreased
non significantly in the heart and significantly in the gastrocnemius, as compared to the neutral control. The significant
decrease was in turn significantly prevented by the extract (200mg/kg/day) concurrently administered. Our results
indicated that the anti-fatigue effect of K. pinnata extract possibly occurs through protection of corpuscular membranes
by preventing lipid oxidation via modifying activities of several enzymes. These results are in accordance with the
findings of Wang et al. [41], which demonstrated similar effects of ginseng polysaccharides on MDA and GPx levels.
However the gastrocnemius MDA instead increased at lower doses of K. pinnata administered solely. These results
respond to the notion that antioxidants can paradoxically become prooxidant when administered at totally different
doses [42]. The results obtained here may therefore reflect a dual effect of the extract, as the doses vary, with excessively
massive import of a high concentration of one or more potent antioxidant components of the extract at the dose of
200mg/kg.

Overall, the biochemical profile of mice administered with the plant extract alone or concurrently with 12%NaCl
displaying the anti-fatigue potential of the extract, which is not clearly observable on the swimming time records, we
believe that the sample size (six/group) and the duration of treatment (14days) could have been limitations for the
clear expression of the properties of the extract. Therefore, future studies should be carried out for 28 days and with
larger sample size, to confirm the current findings.

5. Conclusion

Kalanchoe pinnata leaf aqueous extract possesses anti-fatigue properties. Although the increase of the swimming
duration was not significant, compared to neutral control, findings from biochemical analyses have shown delay of the
accumulation of blood lactate and blood urea nitrogen, increase of the use of triglycerides and utilization of stored
glycogen. All of the above added to the antioxidant activity of the extract support the hypothesis that K. pinnata could
be used to delay the onset of exercise induced fatigue.
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