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Abstract

Background: HIV/AIDS is a pandemic retarding economic growth and destroying human capital globally. This study therefore investigated the
perceived efficacy of Betula alba (BA) and Sutherlandia frutescens (SF) decoctions used in the management of HIV/AIDS in Ghana.

Materials and Methods: A study on the records of HIV/AIDS patients attending Habibi Herbal Clinic, Kumasi, Ghana, was conducted to obtain
information on the initial viral load presented during their maiden visit and results after trestment with the herbal decoctions. The decoctions were
assessed for immunostimulatory property in cyclophosphamide-induced immunosuppressed ICR mice. Tota white blood cell count, as well as
lymphocyte and neutrophil counts were determined and their effects compared with Levamisole. The decoctions were also screened for antimicrobia
activity by the micro dilution method.

Results: The two herbal decoctions used significantly reduced (P < 0.001) the patients’ viral loads (47.42 = 17.28 % to 13.69 + 12.42 %; n=16). BA
(1,2, and 4 mg/kg) and SF (0.4, 0.8, and 1.6 mg/kg) caused significant increment (P <0.001) in total WBC and lymphocyte count in mice comparable
to that produced by 2.5 mg/kg Levamisole. The decoctions aso exhibited antimicrobia activity against gram negative and gram positive bacteria as
well as Candida albicans (MI1C 0.607 to 3.062 mg/ml). Phytochemicals present in both plants include saponins, terpenoids and coumarins.
Conclusion: The Betula alba and Sutherlandia frutescens decoctions have interesting immunostimulatory and antimicrobid properties and hence
could be useful in the management of HIV/AIDS and associated opportunistic infections.
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Introduction

Human Immunodeficiency Virus (HIV) is aretrovirus that primarily infects and destroys CD4+ T cells of the human immune system directly
and indirectly (Alimonti et al., 2003). It is one of the mogt infectious pathogen with devastating consequences. HIV/AIDS is now a pandemic
(Kalings, 2008) and in 2007, an estimated 33.2 million people lived with the disease worldwide. It killed an estimated 2.1 million people, including
330,000 children (UNAIDS/WHO, 2007). Over three-quarters of these deaths occurred in sub-Ssharan Africa, (UNAIDS/WHO, 2007). These
developments negatively affect economic growth and destroy or decrease the human resource base (Bdll et al., 2008). In Ghana, the current HIV
epidemic estimates show that 225,478 persons made up of 100,336 males and 125,141 females are affected by the condition. Rather disturbingly,
there are 12,077 new infections and 15,263 AIDS deaths annually. A large proportion of children to the tune of 30,395, are living with HIV with an
annual AIDS death estimated at 2,080 (NACP, 2011).

The life expectancy of HIV/AIDS patients have improved as a result of the development of antiretrovirals drugs. The introduction of highly
active antiretrovira therapy (HAART) into clinica practice in 1996 has dramatically changed the development of HIV-related diseases in
industrialized countries (Tirelli, 2001; Vella, 2000). Although the antiretrovira drugs only manage the HIV infection , they have an impact on
reducing morbidity and mortality of AIDS patients by suppressing vira load and reducing HIV transmission; thereby not only prolonging lives but
also improving the qudity of life of many people living with HIV/AIDS (WHO, 2002). However, HAART has a limited response in some patients
and is aso associated with some toxicity challenges. Some of the adverse effects include heart attacks and adult diabetes (Yolan et al., 2007).
Moreover, many people with HIV/AIDS in developing countries cannot access HAART due essentially to the high cost of the drugs, limited human
and structural resources as well as socia stigma. In addition, antiretrovira drugs (ARV's) require the support of expensive medicd infrastructure not
available in many developing countries and rarely available in rura areas of any developing country. ARV's can also produce significant side effects,
as well as sometimes being ineffective.

The use of medicind plants in the management of diseases has always been an integrd part of the hedlthcare delivery system in developing
countries. Motivated by a study to clinically assess the efficacy of a South African traditional medicine by monitoring vira load and CD4 counts
(Tshibangu et al., 2004) which described an improvement in the immune system and genera well-being of patients, due to increase in CD4+ T cell
and decrease in viral load, when these markers were monitored for 12 months in HIV/AIDS participants, two plants (Betula alba and Sutherlandia
frutescens) used at the Habibi Herba Clinic in Ghana in the management of HIV/AIDS were investigated for their immunostimulatory and
antimicrobial properties. Other folklore uses of B. alba include treatment of eczema, gout, rheumatism and edema (Grieve, 2013), while S frutescens
isalso employed to treat fever, chicken pox, flu, rheumatism, hemorrhoids, diarrhea and cancer (Katerere and Eloff, 2005).

Materialsand M ethods
Plant collection

Fresh leaves of Betula alba (family: Betulaceae) and Sutherlandia frutescens (family: Fabaceae) selected through a survey at a Herbal clinic
was collected in October, 2012 and authenticated in the Department of Pharmacognosy, KNUST, Kumasi, Ghana where a voucher specimen with
number KNUST/HM 1/2012/S012 S012 and KNUST/HM 1/2012/B012 respectively has been kept.
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Prepar ation of decoctions

A 3.3 kg quantity each of the fresh leaves of the Betula alba and Sutherlandia frutescens were washed and boiled separately in water for 4h
and dtrained to obtain 5 liters each of decoction. The decoctions were freeze dried and weighed: BA 61.23 g and SF 24.30 g. The extracts were
recongtituted in distilled water for use in this study. Dosing of the preparation was done based on the manufacturer’ s recommendations and was once
daily by gavage throughout the experimental period a a volume of 10 ml/kg. Individual dose volumes were calculated based on the animal’s most
recent recorded body weight. The oral route of administration was used becauseit is the intended human exposure route.

Preiminary phytochemical screening

BA and SF were phytochemically screened using the standard techniques as described by Sofowora (1993), Harbone (1998), and Trease and
Evans (1989).

Ethical and biosafety considerations

Permission was obtained from the Administrator of Habibi Herbal Clinic before the survey was undertaken. Laboratory study was carried out
in alevel 2 biosafety laboratory. Protocols for the study were approved by the Departmental Ethics Committee. All activities during the studies
conformed to accepted principles for laboratory animal use and care (EU directive of 1986: 86/609/EEC). All the technical team observed al
ingtitutional biosafety guidelines for protection of personnel and laboratory.

Animalsand husbandry

Hundred and twenty imprinting control region (ICR) mice (2026 g) were obtained from the Anima House in the Department of
Pharmacology, Faculty of Pharmacy and Pharmaceutical Sciences, KNUST, Kumasi, Ghana. All animals were housed in stainless steel cages with
wood shaving as bedding. The animals were kept under ambient conditions of light, temperature, and relative humidity, and fed with norma pelleted
mice chow (GHAFCO-Tema, Ghana) and water ad libitum. All activities during the studies conformed to accepted principles for laboratory animal
use and care (EU directive of 1986: 86/609/EEC).

Drugsused

Cyclophosphamide (Baxter Pharmaceuticas, Illinois, USA) was used to induce immunosuppression. Levamisole (Letap Pharmaceuticals
Limited, Accra, Ghana) was the reference immunostimulatory drug. Ciprofloxacin (Medreich plc, Kew Gardens, England) and fluconazole (Pfizer,
New York, USA) were the reference antibacteria and antifunga respectively.

Immunostimulatory activity

Two hundred ICR mice were put into ten groups labeled A-J, (n=20). Theinitia total WBC as well aslymphocyte and neutrophil counts of 5
mice of each group were determine using the KX-21 N Automated Hematology Analyzer (Sysmex Corporation, Chuo-ku, Kobe, Japan) after taking
blood from the jugular vein into MediPlus K3 EDTA tubes (Sunphoria Co. Ltd., Taiwan). Animas were then treated with 4 mg/kg
Cyclophosphamide for four consecutive days. The hematological parameters were again determined for 5 animals from each group. The various
groups were treated as shown in Table 1. All the animals were treated daily for 21 days after which blood samples from 5 mice each from each group
were again taken for hematological anaysis. Data on the total WBC as well as the lymphocyte and neutrophil counts were recorded and analyzed for
significant changes.

Table 1: Dosing of Herbal Decoctions and Levamisole to Experimental Animals

Drug/Decoctions Groups Dose (mg/kg)
Levamisole A 25
Betula alba (BA) B 1.0

C 20

D 4.0
Sutherlandia Frutescens (SF) E 04

F 038

G 16
Combinations H 2.0(BA) + 0.8(SF)

| 2.0(BA) + 0.8(SF) + 2.5(Levamisole)
Normal Saline J 2.0ml/kg

Antimicrobial activity

The antimicrobid activity of BA and SF were assessed againgt Saphylococcus aureus (ATCC 25923), Bacilus subtilis (NCTC 10073),
Sreptococcus pneumoniae (clinica isolate), Klebsiella pneumoniae (clinical isolate), Pseudomonas aeruginosa (ATCC 4853), Escherichia coli
(NCTC 25922), Salmondlla typhi (NCTC 8385), Enterococcus faecalis (NCTC 775) and Candida albicans (NCPF 3179). These test organisms were
from the stock kept at the Microbiology laboratory of the Department of Pharmaceutics, KNUST, Kumasi, Ghana. The bacterial and fungal growth-
inhibition of the herbal products were determined using micro dilution technique (Gbedema et al., 2010)

Two-fold serid dilutions of the herba decoctions were made in sterile 96 well flat-bottomed micro-titre plates: Mueller-Hinton (MH) broth
(2100 pl) was placed in each well of the 96-microtiter plate except the first column. 100 pl quantities of the decoctions were placed in columns A and
B. The two-fold serid dilution was made from column B to H in each row. A 100 ul MH broth inoculated with 24 h culture of the test
microorganisms (2 x 10* cfu/ml) was then added to each well (to make afinal volume of 200 ul) and mixed thoroughly. A row for control (MH broth
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+ herbal products) and another for blank (MH broth only) were included. Plates were incubated for 24 h at 37°C. Bacterial growth was determined

after addition of 50 pl p-iodonitrotetrezolium violet (0.2 mg/ml, Sigma) (Annan et al., 2009): wells with microbial growth appeared bluish-black
while those with no growth were yellow in colour.

Data analysis

Data presented and plotted were mean + SD. The significance in the difference in vira load before treatment and after treatment with the
preparation was established using the unpaired t-test (two-tailed). Significant differences between measured hematologica parameters compared to
the initia values were determined using One-Way Analysis of Variance followed by Dunnett’s Multiple Comparisons Test post hoc. P < 0.05 was
considered statistically significant.

Results
Survey

The 16 patients (7 males and 9 females) studied were aged between 21 and 50 years, 21-30 years (2 patients), 31-40 years (9 patients) and 41-
50 years (5 patients). Vira load decreased significantly per individual. In total, viral load decrease from 47.42 + 17.28 % to 13.69 +12.42 % (Figure 1)
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Figure 1: Viral load presented by 16 HIV/AIDS patients and that after treatment with two herbal preparations a Habibi Herba Clinic, Kumasi,
Ghana. The significance in the difference in total viral load before treatment and after treatment was established using the unpaired t-test
(two-tailed). *** implies P <0.0001.

Phytochemical screening

Both BA and SF showed the presence of saponins, triterpene nucleus, reducing sugars and coumarins. However, SF had additiond
phytochemicals namely; sterols and tannins (Table 2).

Table 2: Phytochemicals present in decoctions of Betula alba and Sutherlandia frutescens

Secondary M etabolites BA SF
Saponins + +
Triterpene nucleus + +
Sterols - +

Anthraguinones - -

Flavonoids -

Reducing Sugars + +

Alkaloids - -

Tannins - + (condensed)
Coumarins + +

Purine bases - -

+/- indicates presence or absent

Immunostimulatory effects

There was very significant reduction in initidd WBC (5.8 + 0.62 x10% to pl 3.7 + 0.65 x 10%; P < 0 ul.001; n=50) and lymphocyte count (4.39
+0.21 x10% to pl 2.8 + 0.36, P < 0.01; n=50) when ICR mice were treated with Cyclophosphamide (4 mg/kg, p.o). Change in neutrophil count was
however not significant (1.09 + 0.67 x10% to pl 1.29 + 0.8; P > 0.05; n=50). Treatments with BA (1-4 mg/kg; p.o), SF (0.4-1.6 mg/kg; p.o), BA + SF
(2 mg/kg + 0.8 mg/kg; p.o), as well as BA + SF + Levamisole (2 mg/kg + 0.8 mg/kg + 2.5 mg/kg; p.o) caused significant increments (P < 0.05 —
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0.001; n=5) in WBC and lymphocytes; similar to that caused by Levamisole (P < 0.01; n=5). These treatments did not result in significant changes in
neutrophil counts. Normal saine treatment did not result in significant increments (P > 0.05, n=5) in WBCs (Figures 2, 3, and 4).
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Figure 2: WBC count of ICR mice taken initially, after immunosuppression with 4 mg/kg cyclophosphamide (CP), and onward treatment with
1, 2, and 4 mg/kg BA, 0.4, 0.8, and 1.6 mg/kg SF, 2.5 mg/kg Levamisole (L), or 2mi/kg Normal sdine (NS). Values plotted are
means + SD, n=3. Differences in mean values between treatments and the initia (Ini) were determined using One Way Analysis of
Variance (ANOVA) followed by Dunnets multiple comparisons test. ns implies P > 0.05. Increments: * implies P < 0.05, **
impliesP<0.01; *** implies P < 0.001. Decrement: {1 implies P <0.01.
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Figure 3 Lymphocyte and neutrophil count of ICR mice taken initialy (Ini), after immunosuppression with 4 mg/kg cyclophosphamide (CP), and
onward treatment with 1, 2, and 4 mg/kg BA, 0.4, 0.8, and 1.6 mg/kg SF, 2.5 mg/kg Levamisole (L) or 2 mi/kg Norma sdine (NS).
Vaues plotted are means = SD, N=3. Differences in mean values between treatments and the initial were determined using One Way
Analysis of Variance (ANOVA) followed by Dunnets multiple comparisons test. ns implies P > 0.05. Increments: ** implies P < 0.01;
*** implies P <0.001. Decrement: 111 implies P < 0.001.
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Figure 4. The WBC, Lymphocyte, and Neutrophil counts of ICR mice taken initialy (Ini), after immunosuppression with 4 mg/kg
cyclophosphamide (CP), and onward treatment with 2 mg/kg BA + 0.8 mg/kg SF, 2 mg/kg BA + 0.8 mg/kg SF + 2.5 mg/kg
Levamisole, 2.5 mg/kg Levamisole (L) only, or 2 mi/kg Normal saline (NS). Values plotted are means + SD, N=3. Differencesin
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mean values between treatments and the initial were determined using One Way Analysis of Variance (ANOVA) followed by

Dunnets multiple comparisons test. ns implies P > 0.05. Increments: :* implies P < 0.05; ** implies P < 0.01; *** implies P <
0.001. Decrement: 11+ implies P <0.01.

Antimicrobial activity

BA and SF exhibited various degrees of antibacteria and antifungal activities. SF showed higher antimicrobial activity (with MIC
ranging between 0.607 and 1.215 mg/ml) against the test organisms than BA (with M1Cs between 1.531 and 3.062 mg/ml) (Table 3).

Table 3: Antimicrobial activity of B. alba (BA) and S frutescens (SF) decoctions

Organisms Minimum Inhibitory Concentration
SF (mg/ml) BA (mg/ml) Ciprofloxacin (ug/ml)

Escherichia coli 0.607 1531 0.016
Pseudomonas aeruginosa 1.215 3.062 0.032
Salmonella typhi 1.215 3.062 0.008
Klebsiella pneumonia 0.607 3.062 0.032
Enterococcus faecalis 1.215 1531 0.016
Staphylococcus aureus 0.607 1531 0.032
Streptococcus pneumoniae 0.607 3.062 0.032
Bacillus subtilis 1.215 3.062 0.008
Candida albicans 1.215 3.062 0.004°

P Fluconazole used

Discussion

Determination of vird load is a significantly important part of monitoring the therapy of HIV-infected and AIDS patients. Results obtained
from the survey indicated that the vira load of the patients had decreased significantly after treatment with the herbal preparations at Habibi Herbal
Clinic (Figure 1). Vira load is the number of HIV genetic materias (RNA) per millilitre of blood. It is a measure of the amount of HIV copiesin a
milliliter (copiemL) of blood (Carter and Hughson, 2012). In HIV/AIDS patients, the vird load keeps on increasing as the immune system is
compromised. Vira load measurements are used to determine the risk of disease progression, to monitor response to treatment, to detect vira
breakthrough as a marker of regimen failure, and to decide when to initiate antiretroviral therapy (Vajpayee and Mohan, 2011). If the vird load
measurement is high, it indicates that HIV is reproducing and that the disease will likely progress faster (Tlakula, 2011). A decrease in the vira load
therefore reflects a boost of the body’ s immune system (Wodarz and Nowak, 1999). Viral load response is therefore used as a surrogate marker for
efficacy or a strong indicator to monitor the success or failure of antiretrovirals in ART drug trials and in clinical practice (Panel on Antiretroviral
Guiddlines for Adults and Adolescents, 2013). The decreased vira load indicates therefore that HIV is not actively reproducing in the individuals and
that the risk of disease progression is reducing which augurs well for ART at the clinic while using the herbal preparations from BA and SF.

In the determination of the immunostimulant property of the herba preparations, mice were immunocompromised with cyclophosphamide
which acts to decrease total WBC and lymphocyte count. Cyclophosphamide is bio-activated by cytochrome P450 mediated hydroxylation followed
by equilibration of the 4-hydroxy metabolite with a dophosphamide and spontaneous decomposition of hydrophosphamide to yield acreolin aswell as
phospharmide mustard. This metabolite is the active component is responsible for its immunosuppressive action (Sladik et al., 1987, LeBlanc and
Waxman, 1990). It causes inhibition of proliferation of the rapidly dividing cells of the bone marrow (Clarke and Waxman, 1989). The bone marrow
produces white blood cells as well as other cells and this causes a decrement in the white blood cell (B and T lymphocytes) and hence the immune
systemin general (Gurtoo et al., 1976).

It was observed that the WBC count in generd as well as the lymphocyte count was significantly increased on treatment with Levamisole.
Chemicaly, Levamisole may form a thymopoietin-mimetic tertiary structure which stimulates lymphocyte by its imidazole component.
Physiologicaly, thymopoietin affects many components of the immune system including lymphocytes, neutrophils and macrophages (Harris et al.,
1994). The therapeutically important actions of thymopoietin are probably targeting stimulation of phagocytosis and stimulation of regulatory T-cells
to restore homeostasis in perturbed immune system. Throughout the experiment, Levamisole caused an increase in the WBC count of the immune
compromised mice making it a standard immunostimulatory drug for comparing with the herba preparations (Elmuataz et al., 1995).

The herbal preparations (BA and SF) caused significant increases in WBC and lymphocyte counts (but not neutrophil count). This indicates
that the preparations had immunostimulatory effects with SF being the most potent. The results obtained from a combination of BA and SF was less
potent than the monotherapy of each of the decoctions. An increase in totad WBC and lymphocyte count could be attributable to enhanced
hematopoiesis, or could be working via similar mechanisms as Levamisole. The herba preparations could have some components that could
stimulate the synthesis and rel ease of the hematopoietic growth factors to cause the proliferation and differentiation of hematopoietic stem cells of the
bone marrow into WBCs.

In HIV patients with severe immunosuppression, opportunistic infections exert a heavy toll in terms of quality and length of life. Bacterid
respiratory and enteric infections as well as candidiasis are among the most common opportunistic infections encountered by these patients. Herbs
(e.g. Mealeuca quinquenervia and Allium sativum) have been reported useful in the management of even drug resistant bacterid and funga
pathogens in AIDS patients (Jandourek et al., 1998). The two herbal decoctions (BA and SF) have exhibited broad spectrum of antimicrobia activity
againgt bacteria (both gram positive and gram negative) and Candida albicans (Table 3). However, reports by Vinod et al., (2012) showed that BA
possessed a number of pharmacological activities like anti-inflammatory, anticancer, antibacterial antileishmania and antiviral. The report aso
outlined several compounds such as betulin, betuligenol, polymeric anthocyanidins, kaempferol, xylenol and hyperoside, as the active principles
isolated from BA. SF on the other hand has aso been reported to possess antibacteria, anti-HIV and antioxidant properties (Katerere and Eloff, 2005;
Harnett et al., 2004). Apart from confirming the antibacterial property of the two plants, our study has shown that, B. alba and S frutescens possess
anti-candida activity. BA and SF decoctions therefore appear to play arole in controlling opportunistic infections in additions to strengthening the
immune system as well as probably inhibiting the HIV retrovirusin patients treated at the Habibi Herbal Clinic.

The immunostimulatory and antimicrobial activity displayed by BA and SF could have been due to the collective presence of the saponins,
triterpene, sterols, and tannins present in these herbs (Heroor et al., 2012). It has been established that saponins have adjuvant effects on humora and
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cell mediated immunity (Marciani, 1999). Saponin adjuvants from the bark of the Quillaja saponaria (Quillga saponins) are chemicaly and
immunologicaly well-characterized products (Dasgaard, 1978; Higuchi et al., 1987). Xiu-feng et al., (2007) reveaded that three diosgenyl saponins
isolated from Paris polyphylla had immunostimulating activity. Saponins have been found to have activity against Gram positive bacteriae.g. S
aureus (Soetan et d., 2006; Avato, 2006; Khan, 2011).

It has been reported that some triterpene glycosides possess immunostimul atory property (Bedir et al., 2000). Immunostimulatory effect of
coumarin derivatives before and after infection of mice with the parasite Schistosoma mansoni showed that the compounds used have an
immunomodulatory effect (which was stimulatory) at both humoral and cellular levels (Maghraby and Bahgat, 2004). The triterpenes have been
found to be active against bacteria and fungi implicated in opportunistic and nosocomid infections (Mokoka et al., 2013). Some pentacyclic
triterpenes isolated from African Combretaceae have been shown to have antibacterial activity against Mycobacterium fortuitum and Saphylococcus
aureus (Katerere et al., 2003), while a new acylated triterpene exhibited interesting antimicrobia activity against Candida albicans (Fannang et al.,
2011). Significantly these compounds were found to exhibit potent activity against Gram negative bacteria and fairly good activity against Gram
positive bacteria (Mallavadhani et al., 2004).

Sterols have been reported to possess immunostimulatory activity (Burlando et al., 2010). Sterols in Euphorbia hirta for example, have been
found to have immunostimulating property in fish (Shih and Cherng, 2012). Sterols of T. chebula, W. somnifera and E. hirta, have also been found to
possess activity against P. aureginosa, B. subtilis, S aureus, and E. coli among others (Singh et al., 2012).

Tannins are also known to possess immunostimulating activity (Heroor et al., 2012). The well-known ayurvedic formulation, Triphala contains
Terminalia chebula, Terminalia belerica and Emblica officinalis, which are rich in tannins have been reported to have immunostimulating activity
(Srikumar, 2005). Severa research reports have indicated that tannins and tannin rich fractions from various plants possess antimicrobia activity
(Reddy et al., 2007; Banso and Adeyemo, 2007; Min et al., 2008; Maisak et al., 2013).

Conclusion

Apart from their in vitro antimicrobial activity, the Herba decoctions made from the fresh leaves of Betula alba, or Sutherlandia frutescens
decreased human immunodeficiency vira load in patients and exhibited immunostimulatory activity in ICR mice. These two decoctions are useful in
the management of HIV/AIDS and associated opportunistic infections.

References

1. Alimonti, J. B., Ball T. B., and Fowke, K. R. (2003). Mechanisms of CD4+ T lymphocyte cell death in human immunodeficiency virus
infection and AIDS. J. Gen. Virol. 84 (7): 1649-1661.

2. Annan, K., Gbedema, S., and Adu, F. (2009). Antibacteria and Radical Scavenging Activity of Fatty Acids from Paulinia pinnata L.
Phcog Mag. 5(19):119-123.

3. Avao, P, Bucci, R, Tava, A., Vitdli, C., Rosato, A., Bialy, Z., and Jurzysta, M. (2006). Antimicrobial activity of saponins from Medicago
sp.: structure-activity relationship. Phytother Res. 20(6): 454-457.

4. Banso, A., and Adeyemo, S. O. (2007). Evaluation of antibacterial properties of tannins isolated from Dichrostachys cinerea. Afr J
Biotechnol. 6(15):1785-1787.

5. Bedir, E, Pugh, N., Cdlis, I., Pasco, D.S,, and Khan, I.A. (2000). Immunostimulatory effects of cycloartane-type triterpene glycosides
from astragalus species. Biol Pharm Bull. 23(7): 834-837.

6. Bédl, C., Devargan, S., and Gershach, H. (2003). The long-run economic costs of AIDS: theory and an application to South Africa. World
Bank Policy Research Working Paper No. 3152. Available at: http:/elibrary.worldbank.org/content/workingpaper/10.1596/1813-9450-
3152. [Accessed July 15, 2013].

7. Burlando, B., Verotta, L., Cornara, L., and Bottini-Massa, E. Herbal Principlesin Cosmetics: Properties and Mechanisms of Action. Boca
Raton, Florida, USA. CRC Press. pp 460

8. Carter, M., and Hughson, G. (2012). Vira load [© NAM Publications, 2013]. Available at: http://www.aidsmap.com/Viral-
load/page/1044622/. [Accessed July 15, 2013].

9. Clarke, L., and Waxman, D. J. (1989). Oxidative metabolism of cyclophosphamide. Identification of the hepatic monooxygenase catalysts
of drug activation. Cancer Res. 49: 2344-2350.

10. Dalsgaard, K. (1978). A Study of theisolation and characterization of the Saponin Quil A. ActaVet. Scand. 19(Suppl. 69): 7-40.

11. Elmuataz, E., AbdAlla, G., Blair, E., Jones, R. A., Sue-Ling, H. M., and Johnston, D. (1995). Mechanism of synergy of levamisole and
fluorouracil: induction of human leukocyte antigen class | in a colorectal cancer cell line. INCI JNatl Cancer Inst. 87(7): 489-496.

12. Fannang, S. V., Kuete, V., Mbazoa, C. D., Momo, J. I., Van-Dufat, H. T., Tillequin, F., Seguin, E., Chosson, E., and Wandji, J. (2011). A
new acylated triterpene with antimicrobial activity from the leaves of Rauvolfia vomitoria. khim prirod soed 3: 362—364.

13. Gbedema, S. Y., Kisselh, E., Adu, F., Annan, K., and Woode, E. (2010). Wound healing properties and kill kinetics of Clerodendron
splendens G. Don, a Ghanaian wound healing plant. Pharmacog. Res. 2(2); 63-68.

14. Grieve M. Birch [Botanica.com © 1995-2013]. Available at http://botanical .com/botanical/mgmh/b/bircom43.html.[ Accessed June 9,
2013]

15. Gurtoo, H. L., Gessner. T., and Culliton. P. (1976). Studies of the effects of cyclophosphamide, vincristine and prednisone on some
hepatic oxidations and conjugations. Cancer Treat. Rep. 60: 1285-1294.

16. Harborne, J.B. (1998). Phytochemical Methods: A Guide to Modern Techniques of Plant Analysis (3% ed.). London: Springer.

17. Harnett, S. M., Oosthuizen, V., and van de Venter, M. (2005). Anti-HIV activities of organic and agqueous extracts of Sutherlandia
frutescens and Lobostemon trigonus. J Ethnopharmacol. 96(1-2): 113-119.

18. Harris, C. A., Andryuk, P. J,, Cline, S. W., Chan, H. K., Natargjan, A., Siekierka, J. J.,, and Goldstein, G. (1994). Three distinct human
thymopoietins and derived from alternatively spliced mRNAs. Proc. Natl. Acad. Sci. 91: 6283-6287.

19. Heroor, S., Beknal, A., and Mahurkar, N. (2012). Immunomodulatory activity of methanolic extracts of Pongamia glabra Vent. seeds and
bark in cyclophosphamide induced mice. RGUHS J Pharm Sci. 2(1): 74-77.

20. Higuchi, R., Yoshinori Tokimitsua, Y., Fujiokaa, T., Komori, T., Kawasakia, T., and Oakenfulb, D. G. (1987). Structure of
desacyl saponins obtained from the bark of Quillaja saponaria. Phytochem 26: 229-235.

21. Jandourek, A., Vaishampayan, J. K., and Vazquez, J. A. (1998). Efficacy of melaleuca oral solution for the treatment of fluconazole
refractory oral candidiasisin AIDS patients. AIDS. 12: 1033-1037.

22. Kallings, L.O. (2008). The first postmodern pandemic: 25 years of HIV/ AIDS. JIntern Med. 263(3): 218-243.




Koffuor et al., Afr J Tradit Complement Altern Med. (2014) 11(3):166-172 172

http://dx.doi.org/10.4314/ajtcam.v11i3.24

23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.

59.

Katerere, D. R., and Eloff, J. N. (2005). Antibacteria and antioxidant activity of Sutherlandia frutescens (Fabaceag), a reputed anti-
HIV/AIDS phytomedicine. Phytother Res. 19: 779-781.

Katerere, D. R., Gray, A. |., Nash, R. J., and Waigh, R. D. (2003). Antimicrobial activity of pentacyclic triterpenes isolated from African
Combretaceae. Phytochem. 63(1): 81-88.

Khan, N. A. (2011). In vitro antimicrobial activity of triterpenoid saponin from Tephrosia purpurea seeds extract. Eur J Chem. 2(2): 189-
192.

LeBlanc, G. A., and Waxman, D. J. (1990). Mechanisms of Cyclophosphamide Action on Hepatic P-450 Expression. Cancer Res. 50:
5720-5726.

Maghraby, A., and Bahgat, M. (2004). Immunostimulatory effect of coumarin derivatives before and after infection of mice with the
parasite Schistosoma mansoni. Arzneim. Forsch. 54(9): 545-550.

Maisak, H., Jantrakajorn, S., Lukkana, M., and Wongtavatchai, J. (2013). Antibacterial activity of tannin from sweet chestnut wood
against aeromonas and streptococcal pathogens of tilapia (Oreochromis niloticus). Thai J Vet Med. 43(1): 105-111.

Mallavadhani, U. V., Mahapatra, A., Jamil, K., and Reddy, P.S. (2004). Antimicrobial activity of some pentacyclic triterpenes and their
synthesized 3-O-lipophilic chains. Biol. Pharm. Bull. 27(10): 1576-1579.

Marciani Dante, J. (1999). Triterpene saponin analogs having adjuvant and immunostimulatory activity Patent US 5977081 A Galenica
Pharmaceut, Inc.

Mills, E., Cooper C., Sedly, D., and Kanfer, |. (2005). African herbal medicines in the treatment of HIV: Hypoxis and Sutherlandia. An
overview of evidence and pharmacology. Nutrit Journ. 4: 19

Mills, E., Foster, B. C., Van Heeswijk, R., Phillips, E., Wilson, K., Leonard, B., Kosuge, K., and Kanfer, I. (2005). Impact of African
herbal medicines on antiretroviral metabolism. AIDS. 19(1): 95-97.

Min, B., Pinchak, W., Merkel, R., Walker, S., Tomita, G., and Anderson, R.C. (2008). Comparative antimicrobia activity of tannin
extracts from perennia plants on mastitis pathogens. Sci. Res. Essays. 3(2): 66-73.

Mokoka, T. A., McGaw, L. J., Mdege, L. K., Bagla, V. P., lwalewa, E. O., and Eloff, J.N. (2013). Antimicrobial activity and cytotoxicity of
triterpenes isolated from leaves of Maytenus undata (Celastraceae). BMC Complem altern M. 13: 111

Miller, A.C., and Kanfer, |. (2011). Potential pharmacokinetic interactions between antiretrovirals and medicinal plants used as
complementary and African traditional medicines. Biopharm Drug Dispos. 32(8): 458-470.

Nationa AIDS Control Programme (NACP). GHANA AIDS COMMISSION National HIV Prevalence and AIDS Estimates Report, 2011
Nationa Institute of Health (NIH Publication No: 85 — 23, 1985, revised in 1996)

Ojewole, J. A. (2004). Analgesic, anti-inflammatory and hypoglycemic effects of Sutherlandia frutescens R. BR. (variety Incana E.
MEY.) Fabaceae shoot aqueous extract. Methods Finds Exp. Clin. Pharmacol. 26(6): 409-416.

Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for the Use of Antiretroviral Agentsin HIV-1-Infected Adults
and Adolescents. Department of Hedlth and Human Service. Available from:
http://aidsinfo.nih.gov/contentfiles/lvguidelines/adultandadol escentgl.pdf. [Accessed July 16, 2013]

Phakamani M' AfrikaXaba and Alice Notten (April 2003). "Sutherlandia frutescens'. Kirstenbosch National Botanical Garden.

Reddy, M. K., Gupta, S. K., Jacob, M. R, Khan, S. |., and Ferreira, D. (2007) Antioxidant, antimalarial and antimicrobial activities of
tannin-rich fractions, ellagitannins and phenolic acids from Punica granatum L. Planta Med. 73(5): 461-467.

Shih, M. F., and Cherng, J. Y. (2012). Potential Applications of Euphorbia hirta in Pharmacology. Drug Discovery Research in
Pharmacognosy, In Vallisuta Omboon Editor, Drug Discovery Research in Pharmacognosy, Rijeka, Croatia: InTech. 244 pp 166-180.
Singh, G., Kumar, P., and Jindal, A. (2012). Antibacterial potentia of sterols of some medicinal plants. Int J Pharm Pharm Sci, 4(3):159-
3162.

Sladek, N. E. (1987). Oxazaphosphorines. In: Powis, G. and Prough. R. A. (eds.). Metabolism and Action of Anti-Cancer Drugs. New
York: Taylor and Francis. pp. 48-90.

Soetan, K. O., Oyekunle, M. A., Aiyelaagbe, O. O., and Fafunso, M. A. (2006). Evaluation of the antimicrobial activity of saponins
extract of Sorghum Bicolor L. Moench. Afr J Biotechnol. 5(23):2405-2407.

Sofowora, A. (1993). Screening plants for Bioactive Agents, In: Medicinal Plants and Traditional Medicine in Africa (2™ ed.). Ibadan,
Nigeria: Spectrum Books Ltd, Sunshine House. pp 134 — 156.

Srikumar, R., Parthasarathy, N.J., and Sheeladevi, R. (2005). Immunomodulatory activity of Triphala on Neutrophil Functions. Biol.
Pharm. Bull. 28(8): 1398-1403.

Tirelli, U., and Bernardi, D. (2001). Impact of HAART on the clinical management of AIDS-related cancers. Euro J of Cancer; 37:1320-
1324.

Tlakula,, V. (2011). Out of the Closet: Redefining and Defying the Epidemic. Xlibris Corporation, Bloomington, Indiana. USA. pp 122
Trease, G. E. and Evans, W. C. (1989) A Textbook of Pharmacognosy. London: Bailliere Tindall Ltd. pp 71— 98.

Tshibangu, K. C., Worku, Z. B., de Jongh, M. A., van Wyk, A. E., Mokwena, S. O., and Peranovic, V. (2004). Assessment of
effectiveness of traditional herbal medicine in managing HIVV/AIDS patientsin South Africa. East Afr. Med. J. 81(10): 499-504.
UNAIDS/WHO. AIDS epidemic update: December 2007. UNAIDS/07.27E / JC1322E. WHO Library Cataloguing-in-Publication Data.
Available from: http://data.unaids.org/pub/epislides/2007/2007_epiupdate en.pdf. [Accessed on 19th July 2013]

Vajpayee, M., and Mohan, T. (2011). Current practices in laboratory monitoring of HIV infection. Indian JMed. Res. 134(6): 801-822.
Véla, S. and Pamisano, L. (2000). Antiretroviral therapy: state of the HAART. Antivira Res. 45: 1-7.

Vinod, M., Singh, M., Pradhan, M., lyer, S. K., and Tripathi, D. K. (2012). Phytochemical constituents and pharmacological activities of
Betula alba Linn. A review. Int Jof Pharm Tech res. 4(2): 643-647.

WHO, (2002). Scaling up antiretrovira therapy in resource-limited settings. World Heath Organization. Available from:
http://www.who.int/hiv/publ/prev_care/en/arvrevision2003en.pdf. [Accessed 19™ July 2013].

Wodarz, D., and Nowak, M. A. (1999). Specific therapy regimes could lead to long-term immunological control of HIV. PNAS. 96(25):
1446414469

Xiu-feng, Z., Yan, C., Jgun, H., YaZhou, Z., Zhou, N., YaLin, T., and Yang, L. (2007). Immunostimulating properties of
diosgenylsaponins isolated from Paris polyphylla. Bioorganic and Med. Chem. Letters. 7: 255-2509.

Yolan, B., Chapman, V., Goldenberg, R. L., Stringer, S. A. J., Culhane, J. F., Sinkala, M., Vermund, S.H., and Benjamin, H. C. (2007).
Use of Traditional Medicine among Pregnant Women in Lusaka, Zambia. The J of Altern and Complement Med. 13(1): 123-128.




