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Abstract

Background: Ficus thonningii is commonly used in traditional medicine across the African continent. We investigated the effects of crude Ficus
thonningii extracts on growth, morphology and morphometry of the abdominal viscera and clinical biochemistry of neonatal rats.

M aterialsand M ethods: Forty, 6-day old Sprague Dawley rat pups were orally gavaged once daily with either low (50 mg.kg™* b.w) or high (500
mg.kg? b.w) doses of agueous or methanolic F. thonningii leaf extracts while the control received distilled water. After 7 days of treatment, the
pups were euthanased and gross morphometric measurements of the abdominal visceral organs were recorded. Samples of the liver, caecum and
proximal small intestine were processed for histology. Plasma biochemical parameters were analysed colorimetrically.

Results: High methanolic doses of F. thonningii extracts exhibited trophic effects on the stomach while both agqueous and methanolic extracts had
trophic effects on the ceacal mucosa of rats. No significant growth-promoting effects were observed in other visceral organs. Histological analysis
revealed no mucosal damage or necrosis. Clinical biochemistry parameters were not abnormally altered. There was a significant decrease
(p<0.05, ANOVA) in the plasma concentration of non-fasting glucose in the high methanolic group but triglycerides and cholesterol were
unaltered.

Conclusion: The findings suggest that at low doses, F. thonningii extracts can be safely used without the risk of any disruption in the structura
integrity of the neonatal rat GIT and function of the liver and kidneys.
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I ntroduction

Ficus thonningii is a traditionally important plant species with both nutritional and therapeutic benefits. Commonly known as the
common wild fig, F. thonningii is mainly distributed in upland forests of tropical and sub-tropical Africa (Agroforestry tree database, 2011). F.
thonningii leaves are aternate and dark green whilst the fruits which are about 10-20 mm in diameter are usually yellow, turning pinkish when
ripe (Schimdt et al., 2002). The tree is popular for its medicinal properties and is used in the treatment of various disease conditions. A full
botanical and taxonomic description and a detailed review of the nutritional benefits, phyto-chemical content, and pharmacologica properties of
F. thonningii has been reported by Dangarembizi et a, (In Press). The leaves are used for the treatment of diarrhoea, gonorrhoea, diabetes,
jaundice, scabies, wounds, bronchitis, urinary tract infections, urinary schistosomiasis, gastric ulcers and colitis (Njoronge and Kibunga, 2007;
Cousins and Huffman, 2002; Bah et a., 2006, Nwude and Ibrahim, 1980, Alawa et a., 2002). The stem bark is used for treating colds, arthritis,
inflammation, pneumonia, bronchitis, diarrhoea, constipation, bowel disorders and to stimulate lactation (Prelude medicina plant database, 2011;
Teklehaymanot and Gidday, 2007; Watt and Breyer-Brandwijk, 1962; Gelfand et al., 1985, Minja, 1994). F. thonningii roots are used for treating
malaria, fever, hepatitis, for preventing miscarriages and for stopping bleeding (Gelfand et al., 1985, Prelude medicinal plant database, 2011).

The therapeutic properties of F. thonningii result from the presence of a number of phytochemical compounds. Flavonoids (orientin,
vitexin and isovitexin), and stilbenes which include the cardio-protective stilbene resveratrol and its glycosides have been isolated from F.
thonningii leaves (Greenham et a., 2007). Tannins, akaloids, terpenes, saponins and cardiac glycosides have also been isolated from various
parts of F. thonningii (Ndukwe et a., 2007, Usman et al., 2009; Bamikole et al., 2004). F. thonningii leaves contain other secondary metabolites
such as lignins, lignans and active proteins such as ficin, which add to their pharmacological and biologica activity (Ahur et a., 2010). F.
thonningii leaves have also been shown to contain essentia oils which are composed mainly of 6, 10, 14 trimethyl-2-pentadecanone (18.8%),
phytol (14.7 %), acorenone (7.6 %) and B-gurjunene (6.3%), (Ogunwande et al., 2008).

F. thonningii remedies are commonly prepared as decoctions, macerations and infusions and the extracts are taken orally. The
gastrointestinal tract (GIT), is the first point of contact of the extracts with the body. The GIT is a sensitive specialised organ whose exposure to
phytochemicals could result in beneficial or detrimental physiological effects. Exposure to phyto-chemicals has been shown to induce structural,
maturational and functional changes on the GIT particularly in neonates where permeability is relatively high (Linderoth et al., 2005; Erlwanger
and Cooper, 2008, Beya et a., 2012). We hypothesised that exposure to phytochemicals from F. thonningii may affect the proliferation and
differentiation of intestinal epithelial cells resulting in structural and functional changes in the GIT without adverse effects on the general health
of the rats. This study was therefore carried out to determine the effects of F. thonningii extracts on growth, gastrointestina morphometry and
clinical biochemistry using the neonatal rat model.

Materialsand Methods
Plant collection and Extraction

Ficus thonningii leaves were sourced from Gweru (19.75°S: 29.9°E), in the Midlands province of Zimbabwe. Verification of the
specimen was done by botanists Burrows and Burrows, facilitated by the School of Animal, Plant and Environmental Sciences within the Faculty
of Science at the University of the Witwatersrand. The leaves were cleaned of al foreign material and dried in an oven at 40°C for 24 hrs. The
crisp, dry leaves were ground to a fine powder using a Waring blender (Waring ®, Lasec SA Company, USA). Eighty grammes of the leaf
powder were macerated in 1L of either distilled water or methanol at 25°C for 24 hours. Extracts were filtered using Whatman 1 filter paper and
the filtrate was concentrated using a rotor evaporator (Labocon (Pty) Ltd, Krugersdorp, Transavaal, South Africa). Extracts were dried in an oven
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(Salvis®, Salvis Lab, Schweiz, Switzerland), at 40°C and the residual solid extracts were recovered and stored in dark sealed bottlesin a cool dry
place until use. Theyield for the alcohol extracts was 3.80 % and for the aqueous extracts it was 4.24 %.

Phyto-chemical screening

Phyto-chemical screening was carried out using standard qualitative methods described by Harbone (1973), Sowofora (1993), and
Trease and Evans (2002). The extracts were screened for the presence of terpenoids, akaloids, saponins, flavonoids, anthraguinones and
phlobatannins.

Brine shrimp toxicity assay

The Brine shrimp toxicity assay was conducted as described by Vanhaecke et d, (1981), and Wanyoike et al, (2004). Briefly, Brine
shrimp (Artemia salina) cysts were hatched in 2.9 % saline solution in an aerated incubation chamber for 24 hrs. The larvae (nauplii), were
harvested by attracting them with light. To test the toxicity of the methanolic extracts, 50 g of F. thonningii methanolic extracts were dissolved in
5 ml DMSO and the solution was made up to 100 ml with 2.9 % saline solution. Aqueous extract solutions for the toxicity assay were made by
dissolving 50 g of F. thonningii aqueous extracts in 100 ml of 2.9 % saline solution. Stock solutions were serialy diluted to achieve the find
working test solutions (5000, 500, 50, 5 and 0.5 pug/ml). Saline solution (2.9 %) was used as a negative control while potassium dichromate (3000,
300, 30 and 3 pg/ml) was used as a positive control. After 24 hrs, the numbers of dead nauplii were counted using a microscope. Nauplii were
considered dead if no movements of appendages were observed within 10 s. The percentage mortality was then calculated for each concentration
using the formula:

Mortality (%) = Number of dead nauplii x 100
Initial number of live nauplii
A graph relating mortality and the concentration of extracts was plotted using non linear regression.

Experimental animals

All experimental methods used in this study were approved by the Anima Ethics Screening Committee of the University of the
Witwatersrand, Johannesburg (AESC 2011/22/2A). Five Sprague Dawley rat dams each with 8+1, six-day old pups were sourced from the
Central Animal Services, University of the Witwatersrand. The dams and their respective litters were each alocated a perspex cage lined with
wood shavings. Temperatures were maintained at 22+2°C and 12 hr light cycles (lights on at 0700 hrs), were followed.

Treatments

The suckling littermates were randomly divided (in a split-litter basis) into 5, treatment groups and remained with their respective dams
for the duration of the study. The groups were distinctly identified using unique, colour-coded markings on their tails. Group 1 was the control
and received distilled water (10 ml/kg b.w), while Groups 2 and 3, received low (50 mg/kg b.w), and high (500 mg/kg b.w) doses of aqueous
extracts respectively. Groups 4 and 5 received low (50 mg/kg b.w), and high (500 mg/kg b.w), doses of methanolic extracts respectively. All test
extracts were administered once daily between 08h00-10h00 by orogastric tube, for 7, consecutive days. Pups were allowed to nurse freely in
between treatments. Dams did not receive test extracts but were given normal rat chow and water ad libitum.

Terminal studies

Blood for glucose and TG determinations was collected using the tail prick method before pups were euthanased by intra-peritonial
injection of sodium pentobarbitone (150mg.kg ™). Blood was collected by cardiac puncture into heparinised tubes. Morphometric measurements
of the empty GIT, and other visceral organs were carried out (Beya et al., 2012). Samples of the liver, caecum and the proximal small intestine
were preserved in 10 % phosphate buffered formalin, routinely processed in paraffin embedded blocks and sectioned. The sections were stained
with haematoxylin-eosin stain and examined under a light microscope. The right tibia and the right femur were dissected out and (after drying at
50°C for 7 days and weighed until their dry mass was constant) their lengths and masses were measured for linear growth determination. Plasma
biochemical parameters were analysed using a colorimetric chemistry analyser (IDEXX VetTest, Netherlands). Hepatic lipids were measured as
described by Bligh and Dyer (1959) and hepatic glycogen was determined using the indirect hydrolysis method (Passonneau and Lauderdale,
1974).

Statistical Analysis

Data was expressed as mean + SD. Statistical analysis was carried out using one way ANOVA followed by the Bonferroni post-hoc test
with asignificance level at p< 0.05.

Results
Phyto-chemical screening

Tablel, shows the results obtained following the screening of Ficus thonningii leaf extracts for the presence of phytochemicals.
Detectable levels of flavonoids, saponins, phlobatannins, and anthraquinones were observed in both aqueous and methanolic extracts while
terpernoids and akaloids were detected in methanolic extracts only. Aqueous extracts contained relatively higher levels of saponins than
methanolic extracts.

Brine shrimp toxicity assay
The percentage mortalities of brine shrimp (Artemia salina), larvae in F. thonningii extracts are as shown in Figure 1 and 2. The median

lethality concentration (LCse-24 hr) for methanolic extracts of F. thonningii was 31.62 + 2.8 ug/ml while the LCsy-24 hr of aqueous extracts was
119.3 + 1.10 mg/ml. Potassium dichromate was used a positive control and its L Csy-24 hr was 0.3 pg/ml.
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Table 1: Phyto-chemical constituents of Ficus thonningii extracts

Phytoconstituent Methanolic extract  Aqueous extract
Terpenoidy/ steroids ++ R
Alkaloids + -
Saponins + -
Flavonoids ++ +
Phlobatannins + +
Anthraguinones + +

KEY: (+++) = very high, (++) = high, (+) = low, (-) = not detected
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Figure 1: Thetoxicity effects of methanolic extracts of Ficus thonningii against brine shrimp (Artemia salina) larvae. Each point represents the
mean mortality and error bars indicate the standard error of the mean (SEM).

100-
751

50-

% Mortality

251

0-

4 5 6
-25- Log aqueous extract concentration (log pg/ml)

Figure 2: Thetoxicity effects of agueous extracts of Ficus thonningii against brine shrimp (Artemia salina) larvae. Each point represents the
mean mortality and error bars indicate the standard error of the mean (SEM).
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Table 2: Effects of Ficus thonningii on the morphometry of the GIT and viscera of suckling_; rats

Treatment
Organ Control L ow aqueous High aqueous L ow methanolic High methanolic
Sli (%) 3.65+1.18 4.01+1.02 473+131 451 +1.40 497 +1.22
Sl (mm) 577.22 + 54.26 588.50 + 52.58 603. 75 + 33.67 582.22 + 74.67 616.88 + 38.72
L.l (%) 0.44 +0.21 043+0.11 0.45+0.10 0.47+0.13 0.49 + 0.07
L.l (mm) 78.89 + 3.92 76.00 + 6.97 78.25+8.00 73.33+11.73 73.13 +2.59
Caecum (%) 0.42+0.14 0.45+0.12 0.64+0.16 0.58 +0.28 0.59+0.14
Stomach (%) 0.63 + 0.09 0.63 + 0.06 0.64 + 0.06 0.71 + 0.06 0.77 + 0.08**
Liver (%) 3.48 +0.76 3.49+0.53 3.58 + 0.61 3.88+0.72 3.79+0.49
Spleen (%) 0.63 + 0.08 0.66 + 0.12 0.62 +0.10 0.61+0.10 0.59 +0.10
Pancreas (%) 0.27 +0.05 0.29 + 0.09 0.34+0.11 0.27 +0.05 0.31+0.13
Kidneys (%) 1.17+0.10 1.27+0.12 122+011 1.25+0.13 1.26 + 0.09

**=p<0.01
Effectson GIT and viscera

Table: 2, shows data obtained following gross morphometric measurements of the GIT and other visceral organs of the suckling rats
after 7, days of treatment with F. thonningii extracts. The relative masses of the stomach were significantly higher in rats treated with the high
dose (500 mg/kg b.w), of F. thonningii methanolic extracts in comparison to the control (p = 0.0007). The low methanolic dose exhibited no
significant increase in relative masses of the stomach. There was an increase in the relative masses of the caeca across all treatment groups but
this increase was not statistically significant (p = 0.0817). However, histological examination of the caeca showed a significant dose dependent
increase in the thickness of mucosa layers of the agueous and methanolic treatment groups (p = 0.0001) (Table 3).

Table 3: Effects of Ficus thonningii extracts on the morphometry of the caecum of suckling rats
Treatment

Control Low aqueous  High aqueous Low methanolic High methanolic

Mucosa layer (um)  11.20+0.84 14.80 + 0.8** 1620+ 1.30***  12.75+222  16.00 + 0.82***
Muscularis + serosa (um)  3.00+071  3.80+0.84 3.80 + 0.84 3.25+0.50 3.25+05

Total thickness (um) ~ 14.40+055 1860+ 1.34** 2000+ 2.12***  16.00 + 2.58 19.25 + 0.96**
**=p<0.01; ***=p<0.001

The muscularis and serosa of the caecum were not significantly different across all treatments. There were no significant difference/s
observed between the relative masses of the small intestine across all treatment groups (p = 0.2155). Microscopic morphometric measurements
showed a non significant increases in the villi height (p = 0.2431) and crypt depth (p = 0.6069) of treated groups in comparison to the control. The
relative masses of the large intestine, liver, pancreata, spleen and kidneys of treated groups were not significantly different from the control (p >
0.05).

Effects on general health markersand hepatic storage metabolites

There was no significant difference in the hepatic lipid and glycogen content following 7, days of treatment with F. thonningii extracts.
The high methanolic extract group had a significantly lower mean non fasting blood glucose concentration compared to the control and agueous
groups (p = 0.0008), but not compared to the low methanolic group. All other clinical biochemistry parameters were not significantly altered
(Table 4).

Discussion

Preliminary, qualitative phyto-chemical screening of F. thonningii leaves revealed the presence of akaloids, tannins, anthraguinones,
terpenoids (steroids), flavonoids and saponins. Previous studies on the phyto-chemistry of F. thonningii have also reported the presence of these
phytochemicals (Ndukwe et a., 2007; Usman et al., 2009; Ahur et a., 2010). These phyto-chemicals could be responsible for the broad
pharmacological activity of F. thonningii that supports its widespread use in African traditional medicine. Although the methods used in this
study were qualitative, the intensity of colour development in the determination of terpenoids, flavonoids, and alkaloids was higher in methanolic
extracts as compared to agueous extracts. These observations suggest that there were higher concentrations of these phyto-chemicals in
methanolic extracts than there were in the aqueous extracts. This is probably because methanol has a higher polarity index than water hence will
extract a higher concentration of phenolic compounds (Cowan, 1999). In addition, most plant secondary metabolites are organic in nature and
hence partition well in organic solvents. This justifies the use of palm wine as a solvent in ethno-medicinal systems of West Africa (Akinsulire et
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a., 2007). On the other hand, the degree of frothing observed when the agueous extracts were tested for saponins was higher than in methanolic
extracts. This suggests that there were higher saponin levels in aqueous extracts as compared to methanolic extracts. Saponins possess hydrophilic
glycoside moieties which increases their solubility in water as compared to methanol (Cowan, 1999).

Our animal ethics screening committee does not permit the use of animals for acute toxicity studies so the brine shrimp lethality test
was used to determine the in vivo toxicity of F. thonningii extracts. Plant extracts with LCs-24 hr values greater than 1 mg/ml are considered to
be non toxic (Sasidharan et al., 2010). The low LCss-24 hr of methanolic extracts (31.62 + 2.8 pg/ml) shows that the extracts are highly toxic to
brine shrimp larvae, while aqueous extracts were non-toxic (LCsp-24 hr = 119.3 + 1.10 mg/ml). These results also suggest that there are higher
concentrations of bioactive compounds in methanolic extracts in comparison with agueous extracts. However, although the methanolic extracts of
F. thonningii were toxic to brine shrimp larvae, they did not exhibit any adverse effects on the general health profile of the rat pups.

Morphological assessment of the developing gut is a useful tool in evaluating the effects of dietary changes on the physiology of
neonates (Baltrop and Brueton, 1990). Rats have an altricial mode of GIT development which is characterised by a relatively immature gut at
birth which undergoes major structural and functional changes post-natal wise (Linderoth et al., 2005). Dietary changes during the suckling
period are often followed by changes in mass, surface area, digestive and absorptive capacity of the neonatal GIT (Sangild, 2006). Phyto-
chemicals increase proliferation of the enterocytes and growth of the gut mucosa (Pusztai et a., 1999), and hence they can induce precocious
maturation of the neonatal GIT. Lectins from the red kidney bean (Phaseolus vulgaris), administered orally for 3, days, and were shown to induce
precocious structural and functional maturation of the GIT in suckling rats (Linderoth et a., 2005). In the present study, the administration of F.
thonningii extracts for 7, days led to a significant increase in the stomach mass and mucosal layer thicknesses of caeca of the suckling rat pups.
The increase in stomach weights could indicate that F. thonningii extracts contain phytochemicals that mimic the action of and/or increase the
release of regulatory peptides which increase the proliferation of parietal cells and hence exhibit trophic effects on the gut mucosa (Jain and
Samuelson 2006). Unfortunately, histology was not performed on the stomach to ascertain whether the increase in mass was due to hypertrophy,
hyperplasia or both. The higher activity of the high methanolic dose when compared to the low methanolic dose suggests a dose-rel ated effect.

The increased the thickness of the caecal mucosa and submucosal layers could be the result of the presence of soluble, non-digestible,
fermentable polysaccharides in the extracts. Non-digestible polysaccharides (also known as prebiotics), increase proliferation of the mucosal cells
of the caecum and colon (Steed and Macfarlane, 2009). They do so by stimulating the activity and growth of intestina saccharolytic microbes
which ferment non-starch polysaccharides to short chain fatty acids (SCFAS), (Steed and Macfarlane, 2009). SCFAs especially butyrate, have
trophic effects on the caecal mucosa and are likely to be responsible for the architectural changes observed in the caecal walls of rats in this study
(Lobo et a., 2007). An increase in caeca weight and the production of SCFAs could contribute to metabolic energy requirements of animals
(Tagang et a., 2010). The phytochemicals in F. thonningii did not appear to have any adverse effects on the integrity of small intestine.
Histomorphological analysis showed that there was no mucosal damage, villous atrophy or any apparent pathology in the intestine of treated rats.

Table 4: Effects of Ficus thonningii extracts on the clinical bhiochemistry, packed cell volume and hepatic storage metabolites of suckling rats

Treatment
Plasma biochemical parameter Control L ow aqueous High aqueous Low methanolic  High methanolic
Glucose 6.20 + 0.51 5.98 +0.28 5.83+0.28 5.58 + 0.61 5.00 + 0.65***
Cholesterol (mmol/L) 4.44 +0.35 4.44 + 0.46 431 +054 4.44 +0.70 4.37+0.72
Urea (mmol/L) 7.26 +2.09 590+ 1.10 581+190 750+18 598+ 1.77
Creatinine (umol/L) 31.75 + 6.60 48.00 + 54.99 31.38 +8.20 48.8 + 48.36 33.63 +4.00
Phosphate (mmol/L) 3.14+0.36 3.32+0.52 3.05+0.25 3.22+0.24 293+0.25
Calcium (mmol/L) 2.88+0.34 291+0.19 2.80+0.13 2.99 +0.22 275+0.17
Total protein (g/L) 42.63+2.72 44.35 +2.49 42.00 +2.45 44.25 +5.70 43.38 +6.25
Globulin (g/L) 20.12+1.89 20.75+2.82 19.00 +1.69 17.25+3.92 18.25+2.43
Albumin (g/L) 2250 +1.60 2350 +1.69 22.75+1.67 27.13+6.79 25.38 +6.95
ALT (U/L) 31.00 + 13.04 27.00 +11.55 25.63 +9.58 31.50 +18.28 28.38 + 7.65
ALP (U/L) 410.38 +41.44 385.75 + 86.75 371.00 + 84.71 414.88 + 77.29 363.50 + 85.86
Amylase (U/L) 1117.88 + 136.67 1061.63 + 128.18 1092.75+128.14 1140.75+289.32 1064.50 + 195.05
Total bilirubin (umol/L) 10.38 +3.82 10.38 +3.89 8.25+3.45 6.5+2.93 8.25+287
Glycogen 3.85+ 0.74 431+ 057 4.03 +0.57 3.68 +1.06 396+15
Hepatic lipids 4.89 +1.00 4.29 +0.97 5.89 +1.47 5.98 + 0.97 578 + 1.07
Packed Cell Volumes 35.20+251 3450+278 30.33 + 3.05* 31.13+290 34.45+3.49

*=p<0.05; ***=p<0.001

Circulating levels of the enzymes alanine transaminase (AL T), and akaline phosphatase (ALP), were used as surrogate markers of liver
damage in this study. The results obtained show that at the doses used, F. thonningii extracts did not seem cause any parenchymal cell lesions,
necrosis or drug induced-hepatitis confirming the histological observations. It was notable that ALP levels were significantly elevated in al of the
pups including the control. ALP is also associated with osteoblastic activity and hence its levels are elevated in rapidly growing animals
(Alhassan et d., 2009). Serum albumin, total bilirubin and total protein concentrations were also used as clinical tools in assessing the hepato-
synthetic function. The concentrations of these biochemical markers of liver function in the blood were unaltered by administration of F.
thonningii extracts at the doses used, confirming that F. thonningii was not hepatotoxic in the short term.
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The glomerular filtration rate (GFR), is the gold standard for measuring kidney function (Stevens and Levey, 2009). Due to limitations
in the study design, timed collections of urine for the determinations of GFR were difficult to achieve. As a result, serum concentrations of
creatinine and urea were used as surrogate markers of kidney function. Serum creatinine concentrations depend exclusively on the GFR therefore
can be used as a more reliable clinical estimation of GFR (Stevens and Levey, 2009). Increased levels of plasma creatinine and urea could
indicate compromised tubular function and/or impaired glomerular filtration. Based on the use of these markers, the results obtained in this study
showed that short term administration of crude extracts of F. thonningii exhibited no notable aterationsin renal physiology.

Coker et a, (2009) reported that F. thonningii extracts had no deleterious effects on the haematinic vaue, whilst ethyl acetate leaf
extracts of F. thonningii were reported to improve red blood cell counts in acetaminophen-treated rats (Ahur et al., 2010). Contrary to these
reports, the results obtained in this study showed a significant reduction in the packed cell volumes of rats treated with high aqueous doses of F.
thonningii. High levels of saponins, (detected in agueous extracts), have been associated with haemolysis of red blood cells through interaction
with membrane components such as proteins, phospholipids and cholesterol (Makkar et a., 2007). However, although the PCV's were reduced in
the high agueous group, there was no significant rise in the circulating bilirubin concentrations to confirm destruction of red blood cells. Reduced
PCVs could result from reduced bioavailability of dietary iron due to the action of anti-nutritional factors such as tannins, phytate and other
polyphenolic phyto-chemicals (Sandberg, 2002).

Although the treatments did not significantly alter the storage of metabolic substrates; the high methanolic dose (500 mg/kg b.w),
significantly reduced glucose concentrations in comparison to the control. Ficus thonningii has been shown to possess hypoglycemic effects
(Bwititi and Musabayane, 1997; Musabayane et al., 2007) and this supports its ethno-medicinal use in the treatment and management of diabetes
mellitus.

Conclusion

The results obtained in this study introduce the first in vivo evidence that short term exposure to F. thonningii might exhibit trophic
effects on the GIT of neonates. The study also showed that methanolic extracts of F. thonningii possess glucose-lowering effects which support
the use of F. thonningii in managing diabetes mellitus.
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