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ABSTRACT

Phenformin was prohibited by the ROC Department of Health in 1978. In this investigation, a GC-MS was used for the detection of
phenformin in herbal preparation produced in Mainland China followed by determination by HPLC. For GC-MS, a HP-5MS capillary col-
umn was used. The initial column temperature was at 100˚C for 2 min, ramping 10˚C/min to 280˚C, then holding at 280˚C for 15 min.
Ionization source temperature was at 230˚C, and 70 eV electron impact mode was employed. HPLC was performed on a Cosmosil 5C18
AR (5 cm × 4.6 mm), and a µBondpak phenyl (30 cm × 3.9 mm) column using 0.01M potassium dihydrogenphosphate (pH 6.55) - ace-
tonitrile (60:40, v/v) as eluent, with flow rate at 1.0 mL/min and detection wavelength set at 235 nm. Metformin was used as the internal
standard. The interday and intraday precisions were less than 1.6%. The limit of detection and the limit of quantitation were 0.065 µg/mL
and 0.20 µg/mL, respectively. The spike recovery was 102.7%. The average content of phenformin in the preparation was 3.45 mg per cap-
sule.
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INTRODUCTION

Traditional Chinese medicines (TCM) are sourced from
animals, plants and minerals. The complexity and pharmaco-
logical activity of constituents in TCM have attracted much
research. People often turn to TCM when modern western
medicine fails. Nowadays, TCM has become a major alterna-
tive treatment. Since about 80% of the world’s population
take herbal medicines, quality controls of the herbal medi-
cines are very important. In general, TCM is considered to
possess mild action with no appreciable harmful effects, and
easy to take TCM in excess of the recommended dose for
long term use. In order to enhance their efficacy, TCM is
often illegally adulterated with western medicine. The quan-
tities of adulterants were even over the normal dosage range
and were not the ones required or responsible for the therapy
claimed on the label found in many cases. Therefore, it is
dangerous to take those TCMs without any recognition about
the adulterants. For the sake of safety, adulteration of TCM
was banned by the Department of Health (DOH) in Taiwan.
In view of the responsibility of NLFD to supervise the quali-
ties of foods and drugs, we have many investigations related
to the adulteration of TCM and the results have been docu-
mented in the annual reports(1-5) of the NLFD since 1970.
Recently, herbal medicines produced in Mainland China
have become widespread in Taiwan, through the increasing
frequency of cross-strait exchanges. Their quality are inces-
santly supervised by the NLFD under the directives of the
DOH.

In this study, capsules of Zhenge Jiangt Angsan (ZJA,
) produced in Mainland China and provided

from a patient were suspected to contain anti-diabetic west-
ern drugs. Screen tests using TLC, UV, and then confirmed
by GC-MS, indicated that the adulterant was phenformin.
Furthermore, an HPLC method was developed to quantify
the phenformin in order to understand the amount adulterat-
ed in ZJA. Phenformin (Figure 1) was used as a hypo-
glycemic agent. However, its administration frequently
resulted in gastrointestinal upset including vomiting, anorex-
ia, and diarrhea. Moreover, it has been associated with a
severe and even a fatal disturbance in lactic metabolism that
results in lactic acidosis. Additionally, the use of phenformin
may also be associated with an increase in cardiovascular
disease(6, 7). Therefore, the FDA banned its sale in the US in
1975(8), while the DOH banned its importation, manufacture
and sales in Taiwan in 1978. 

MATERIALS AND METHODS

I. Materials

Ten capsules of ZJA were kindly offered by the National
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Figure 1. Structures of metformin and phenformin.



Cheng Kung University Hospital (originally obtained from a
patient). 

Phenformin HCl was pharmacopoeia grade. Metformin
HCl was purchased from Sigma (St. Louis, MO, U.S.A.).
Potassium dihydrogenphosphate and diethylamine were pur-
chased from Wako (Osaka, Japan). Acetonitrile, methanol
and n-butanol of LC grade were purchased from Labscan
(Dublin, Ireland). Glacial acetic acid was purchased from E.
Merck (Darmstadt, Germany). 

II. Equipments

The high performance liquid chromatography system
was composed of a Waters 600 pump and a controller, a 486
tunable absorbance detector (Millipore, Boston, MA,
U.S.A.), a Hitachi L-7200 autosampler (Hitachi, Tokyo,
Japan), and a Shiunn Haw computing integrator (Scientific
Information Service). The GC/MS system was composed of
an HP-6890 GC system, an HP-5973 mass selective detector,
an HP 6890 Series Injector, and an HP MSD Chemstation
(Hewlett Packard, Palo Alto, CA, U.S.A.). U-3210
Spectrophotometer (Hitachi, Tokyo, Japan) was used also.

III. Method

(I) Thin Layer Chromatography

TLC plates were silica gel Merck 60 F254 20 × 20 cm (E.
Merck). The mobile phase was n-butanol-water-glacial acetic
acid (7:2:1, v/v), and detection wavelength was 254 nm.
Dragendorff spray was used as a chromogenic reagent.

(II) Gas Chromatography and Mass Spectrometry

A 30 m × 0.25 mm HP-5MS (crosslinked 5%-diphenyl-
95%-dimethylpolysiloxane) capillary column was used (0.25
µm film thickness). The operation conditions were as fol-
lows: splitless injection; 50.0 mL/min purge flow; oven, with
initial temperature at 100˚C for 2 min, ramping 10˚C/min to
280˚C, then holding at 280˚C for 15 min; injection tempera-
ture 250˚C; ionization source temperature 230˚C; 70 eV elec-
tron impact mode; solvent delay 4 min; injection volume 1
µL; using helium as carrier gas at 1 mL/min.

(III) High Performance Liquid Chromatography

A Cosmosil 5C18-AR (5 cm × 4.6 mm I.D.) reverse
phase column (Nacalai Tesque, Kyoto, Japan) and a µBond-
pak phenyl (30 cm × 3.9 mm I.D.) column were used. The
mobile phase was composed of 0.01 M potassium dihydro-
genphosphate buffer (the pH was adjusted to 6.55 by the
addition of diethylamine) and acetonitrile (40:60). The flow
rate was 1 mL/min and the detection wavelength was 235
nm. 

(IV) Preparation of Standard Solution 

Phenformin standard was accurately weighed and dis-
solved in methanol to afford the concentration (1 mg/mL).
The calibration curve was established using 5, 10, 20, 30, 50
and 100 µg/mL of phenformin standard solution as calibra-
tors with metformin (20 µg/mL) as the internal standard. 

(V) Screening and Confirmation of the Sample Solution

The sample of ZJA (1 cap) was extracted with 10 mL
methanol by ultrasonic shaking for 30 min as the sample
solution. A portion of the sample solution extract was ana-
lyzed by TLC, UV and confirmed by GC/MS.

(VI) Determination by HPLC

Three capsules were accurately weighed and then
extracted with 10 mL methanol by ultrasonic shaking for 30
min, respectively. After filtering, the residue was extracted
once more and the combined extract was adjusted to 25 mL
with methanol. To 10 mL aliquot, an appropriate amount of
the internal standard metformin was added, and the volume
was adjusted to 25 mL with methanol and then filtered (0.45
µm Millipore) before injection.

(VII) Recovery 

The powders of capsules were thoroughly mixed, equal-
ly divided into four portions and then accurately weighed.
They were all spiked with different amounts of standard
except one used as a control. The spiked amounts of standard
were 10.7 mg, 20.1 mg and 30.1 mg, respectively. The
extraction method followed that described above, and the
internal standard was added to each solution at a concentra-
tion of 20 µg/mL.

(VIII) Reproducibility Test

Journal of Food and Drug Analysis, Vol. 9, No. 3, 2001

140

Figure 2. UV spectra of phenformin solution (A) and the methanol
extract of TLC spots (Rf = 0.49) isolated from Zhenge Jiangt Angsan
(B). 
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Intraday (running five times within 24 hr), and interday
tests (running five times within successive 5 days with each
at least 24 hr interval) were performed using the above cali-
brators. The reproducibilities were evaluated by the relative
standard deviations.

(IX) The Detection Limit and Qantitation Limit

The concentration of the standard solution of which the
ratio of peak height to noise 3/1 was defined as the detection
limit, and the ratio 10/1 was defined as the quantitation limit.

RESULTS AND DISCUSSION

Through a simple screening test using TLC with n-
butanol-water-glacial acetic acid (7:2:1, v/v) as the develop-
ing solvent, when detected as orange color after sprayed with

Dragendorff reagent, phenformin was found as an adulterant
in the suspected sample of ZJA containing Pearl( ), Ge
Jie( ) and various Chinese herbs. 

I. Identification of Phenformin by UV and GC/MS

The band corresponding to Rf (0.49) of phenformin was
scrapped and extracted with methanol. The maximal absorp-
tion was at 235 nm. Its UV spectrum and UV spectrum of
phenformin standard solution are shown in Figure 2 and both
are consistent with the maximal absorption at 235 nm.

Some reports(9-17) indicated that phenformin (C10H15N5)
having polar group, it could not vaporized easily without
derivatization in GC analysis. In the routine work, derivatiza-
tion of TCM needs more investigation owing to its compli-
cated constituents. However, the concentration of phen-
formin as high as 1000 µg/mL could be found in this GC/MS
system. The total ion chromatograms and mass spectra of
standard phenformin and ZJA are shown in Figures 3-4.
Retention time for phenformin was 9.9 min. The mass spec-
trum could not show its molecular ion peak, but prominent
ion peak at m/z 91 was a distinct peak. The peak ion m/z 91
used as an identified peak in this experiment. Though the
chromatogram of ZJA was complicated, the corresponding
retention time for ZJA contained the same fragment ion m/z
91. Utilization of selected ion chromatogram offered by the
MSD Chemstation at m/z 91, the total ion chromatogram of
ZJA with an obvious peak at 9.9 min could distinguish phen-
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Figure 3. Total ion chromatograms of phenformin standard solution
(A), the sample solution of Zhenge Jiangt Angsan (B) and ion chro-
matogram of extract of Zhenge Jiangt Angsan at the mode of m/z 91(C).
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Figure 4. Mass spectra of phenformin standard (A) and Zhenge Jiangt
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formin from the other herbal constituents. By further com-
parison of mass fragments with library search software,
phenformin was identified. 

II. Assay by HPLC

Analyses of biguanides have been reported in journals.
The analytical methods include HPLC(18-24), GC(9-17), CE(18)

and HPLC-ESIMA(18). A method without the previous time-
consuming derivatizing process, or post-column derivatiza-
tion, is the main requirement for the determination of adul-
terant in TCM with complicated constituents. In this study,

the HPLC method using 0.01 M potassium dihydrogenphos-
phate (the pH was adjusted to 6.55 by the addition of diethy-
lamine) and acetonitrile (40:60) as the mobile phase was
used. The HPLC chromatograms of the standard phenformin
and ZJA were shown in Figure 5. The total analytical time
was 15 min. The retention times for metformin and phen-
formin were 5.48 and 9.36 min, respectively. Metformin with
a structure similar to phenformin was selected as an internal
standard, and could separate from phenformin without inter-
ference. The calibration curve with Y = 0.0244X + 0.0042
(correlation coefficients = 0.999), showed a good linearity
within the range of 5~100 µg/mL. The contents of phen-
formin in 3 capsules of ZJA calculated from the calibration
curve are listed in Table 1.

Although the contents of phenformin in capsules do not
exceed those in the market package(6), the use of ZJA must be
careful. If a patient takes 3-10 caps/time for three times a day,
the amount of phenformin taken would be 10.5-105 mg/day.
According to the manufacture’s recommended dose, that
might exceed the therapeutic dose(25). Administration of ZJA
without knowing the presence of phenformin over a long
term might result in life-threatening complications as
described previously.

III. Reproducibility

The relative standard deviations (RSD) of intraday and
interday calculated from results of five replicates are shown
in Table 2. The small values of all RSD values (less than
1.6%), indicated very good reproducibility.

IV. Recovery

The recoveries of three spiked amounts ranged from
97.7% to 105.3% were shown in Table 3. The average recov-
ery was 102.7%, indicating the method was accurate.

V. The Limit of Detection and the Limit of Quantitation 

The limit of detection and quantitation were 0.065
µg/mL and 0.20 µg/mL, respectively. The method showed a
satisfactory sensitivity. 

CONCLUSION

In this research, a banned western chemical drug adul-
terated in TCM was identified as phenformin and confirmed
by TLC, UV and GC/MS. The high performance chromato-
graphic method developed to quantify the adulterant in TCM
was shown to be rapid, reliable and accurate. 
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Table 1. The contents of phenformin in 3 capsules of Zhenge Jiangt
Angsan 

Sample 1 2 3
Average
content

Content (mg/cap) 3.45 ± 0.04 3.47 ± 0.03 3.42 ± 0.04 3.45 ± 0.04
(RSD, %) (1.16) (0.86) (1.17) (1.16)

*n=5, RSD: relative standard deviation.

Table 2. Reproducibility of interday and intraday analysis (n=5)

Concentration Relative Standard Deviation(%)

(µg/mL) intraday Interday

5 0.50 1.06
10 0.72 1.19
20 0.28 0.66
30 0.17 1.51
50 0.48 0.71
100 0.28 0.60

Table 3. Recovery of phenformin (n=5) spiked in Zhenge Jiangt Angsan 

Amount Found(mg) Recovery Average recovery 
spiked(mg) Mean ± SD(RSD%) Mean ± SD(RSD%) Mean ± SD(RSD%)

10.7 10.45 ± 0.03(0.29) 97.65 ± 0.25(0.26)
20.1 21.17 ± 0.04(0.19) 105.30 ± 0.18(0.17) 102.69 ± 3.57(3.48)
30.1 31.64 ± 0.03(0.09) 105.12 ± 0.11(0.10)

Figure 5. HPLC chromatograms of phenformin standard (A) and
Zhenge Jiangt Angsan extract(B).
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